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Abstract 

Digital elevation models (DEM) form the backbone of flood related studies. Proper selection of the 

DEM product is critical to obtain reliable estimates. Most studies aimed at understanding DEM 

resolution impacts focus on geometric comparisons. A comprehensive structural and functional 

assessment framework for DEM comparisons is developed here. The structural differences in DEM 

are used to understand how DEM products produce differing estimates of flooding susceptibility, 

rainfall-runoff partitioning, sediment flux estimates and impacts of pluvial flooding. While there is 

no single DEM resolution that is superior, the results indicate that the ASTER-based 30m DEM is 

generally the least reliable. The widely available 10m 3DEP DEM is well suited for rainfall-runoff 

partitioning and flood risk and susceptibility mapping applications. Resampling this DEM to 15m 

resolution yields similar results and can be used in large domain applications. LiDAR based high-

resolution DEMs (1m or less resolution) are best suited for pluvial flood delineations and stormwater 

management. Even 10m DEM is noted to yield inconsistent results. The 30m ASTER-based DEM 

yields the most conservative estimate of sediment fluxes due to overprediction of slope and altered 

watershed shape. The high resolution DEM is therefore recommended for this application as well. 

Keywords: flood management; floodplain delineation; GIS; flood risk; DEM; pluvial flooding 

 

1. Introduction 

Flood risk assessment and stormwater management applications rely heavily on mathematical 

models to predict the volume, duration and intensity of runoff as well as associated sediment and 

pollutant loads [1–3]. Watershed delineation is an important first step in these modeling studies to 

describe the drainage area that contributes to flow of water and pollutants following a rainfall event. 

Accurate delineation of watersheds is therefore critical to study a wide range of flood and stormwater 

management issues, including but not limited to, flood risk assessments and management [4], non-

point source pollution (NPS) control [5], socio-ecological vulnerability studies [6]; climate change 

impacts [7] and for fostering participatory adaptation and building community resilience [8] and 

smart growth [9]. 

Automated watershed delineation has become common in recent years due to availability of 

software and data [10,11]. The digital elevation model (DEM) is a critical input for delineation of 

watersheds and computation of other watershed characteristics such as topographic slope which 

controls the movement of water and pollutants. A variety of DEM products of varying resolution are 

currently available. Satellite data such as those derived from Shuttle Radar Topographic Mission 

(SRTM) [12] are used to derive DEM products with resolutions in the range of 10 m to 30 m. More 

recently, Light Detection and Ranging (LiDAR) data have been demonstrated to be useful to generate 

high resolution DEMs with resolutions of 1 m or less [13]. 

High resolution LiDAR-based DEMs have the potential to accurately capture even small flow 

paths within a watershed. This is particularly advantageous in flat terrains, where water flow is 

controlled by small topographic differences. However, their use entails higher computational costs. 

Furthermore, small errors associated with DEM construction can get amplified and lead to incorrect 
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estimation of flow directions and discrepancies in the amount of water, sediments and pollutants that 

are transported within the watershed. It is difficult to ascertain a priori whether a higher resolution 

DEM will improve the application of interest. Therefore, many studies have evaluated the impact of 

DEM resolutions on watershed characteristics and have been summarized in Table 1. The following 

main insights can be drawn from these studies - 1) DEM resolution plays an important role in flood 

and stormwater management applications; 2) Higher resolution DEM does not necessarily improve 

the prediction accuracy; 3) Sediment and nutrient loading estimates are generally more sensitive to 

DEM resolution compared to flood (water) volumes. 4) DEM resolution impacts decreased with 

increased topographic relief within the watershed and 5) The noise associated with higher resolution 

DEM could mask the benefits of accurate delineation and therefore a more coarser DEM could 

sometimes yield better overall performance. 

While these studies offer many useful insights, many were conducted at a time when LiDAR 

based DEM models were at their infancy. Therefore, recent advancements in LiDAR and satellite 

technologies and associated processing algorithms have not been fully documented [14]. Similarly, 

many studies focus on the delineation of the watershed and not the utility of the delineated watershed 

in flood and stormwater management studies. Also, the role of DEM for pluvial flooding assessments 

is a burgeoning area of research where the role of DEMs is beginning to be studied especially over 

large spatial scales [15,16]. 

Table 1. Studies focused on the Resolution of DEM on Flood and Stormwater Management Applications. 

Author References DEM Res. Study Area Key Findings 

 Teegavarapu 

et al., 2006 
 [17] 

10m and 

90m 

Kentucky River, 

USA 

Finer DEM improved watershed delineation and 

pollutant-load estimates; coarse grid overstated 

loads. 

 Wu et al., 

2007 
 [18] 

30m to 

3000 m 

Goodwin & 

Peacheater Creeks, 

USA 

Grid size governs topographic index; coarser DEM 

smooths terrain, degrading slope and contributing-

area estimates. 

 Dixon & 

Earls, 2009 
 [19] 30 m, 90 m 

Charlie Creek, 

Florida 

SWAT hydrographs differed between native and 

resampled DEMs; resolution change alters 

predicted flows. 

 Charrier & Li, 

2012 
 [20] 1m to 30 m 

Camp Creek, 

Missouri 

Resampled 3–5 m LiDAR matched10m DEM; 1 m 

over-sensitive; coarser USGS DEMs added 

uncertainty. 

 Zhang et al., 

2014 
 [21] 

30m to 

1000m 

Xiangxi River, 

China 

Nutrient and flow outputs highly resolution-

sensitive; coarse grids under-predicted transport. 

 Reddy & 

Reddy, 2015 
 [22] 

20m to 

1000m 
Kaddam, India 

Sediment yields more sensitive than runoff; Finer 

DEM gave best accuracy-effort balance. 

 Tan et al., 

2015 
 [23] 

20m to 

1500m 

Johor River, 

Malaysia 

DEM resolution outweighed source influence; 

coarse cells under-estimated streamflow. 

 Buakhao & 

Kangrang, 

2016 

 [24] 5m to 90m 
Chiang Mai, 

Thailand 

Stream length/slope resolution-sensitive; watershed 

area less so; ASTER DEM accurate. 

 Hamel et al., 

2017 
 [25] 

10m to 

180m 

USA, HI, PR, 

Kenya, Spain 

Finer DEMs refined sediment-delivery ratios across 

diverse terrains. 

 Nagaveni et 

al., 2019 
 [26] 

12m to 

90m 

Krishna basin, 

India 

Coarse DEMs lost terrain detail and increased 

runoff error; resolution most influential 

 Roostaee & 

Deng, 2020 
 [27] 

3.5m to 

100m 
OR, IA, LA (USA) 

Flat basins are very sensitive to resolution; 

drainage area shrinks with coarse DEMs; steep 

basins little impact. 

 Al-Khafaji et 

al., 2020 
 [28] 

30m to 

1000m 
Iraqi Watersheds 

Higher resolution increased HRU count but did not 

always improve flow simulation in flat areas. 

 Fan et al., 

2021 
 [29] 

12.5 m to 

1000 m 
Northeast China 

Runoff depth fell as cell size grew; land-use 

resolution sometimes dominated influence. No 

difference for DEM ≤ 100 m. 
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 Datta et al., 

2022 
 [30] 

30m to 

225m 

Bangladeshi 

Watersheds 

Coarse DEMs inflated areas with less perimeter & 

shortened streams. 

 Roostaee & 

Deng, 2023 
 [31] 

30m and 

100m 
IA, LA (USA) 

DEM source caused more uncertainty in 

simulations than resolution; sediment most 

affected, nitrate least. 

 Choudhary et 

al., 2025 
 [32] 

12.5m to 

30m 
Rajasthan, India 

ALOS PALSAR 12.5 m gave the best flow-path and 

catchment delineation; DEM choice decisive. 

 Avila-Ruiz et 

al., 2025 
 [33] 

0.13m and 

5m 
Mexicali, Mexico 

Finer DEM greatly improved urban drainage 

modelling over coarser DEM. 

 Muthusamy 

et al., 2021 
 [34] 1m to 50m Cumbria, UK 

Coarser DEM inflates flood extent/depth; Hybrid 

DEM improves accuracy. 

 de Almeida et 

al., 2018 
 [35] 10cm Warwickshire, UK 

Decimetric terrain changes shifted flood extent, 

depth, timing; high res needed but computationally 

heavy. 

 Aristizábal, 

2023 
 [36] 3m to 90m Neuse River, NC 

Accuracy declined sharply beyond 60 m; mid-res 

(~30 m) balanced runtime and reliability. 

 Savage et al., 

2016 
 [37] 

10m to 

50m 
Imera basin, Sicily 

Resolution chiefly affected local water 

depth/timing; gains diminished below 10 m. 

 Hsu et al., 

2016 
 [38] 1m to 50m Sanyei, Taiwan 

Coarse grids over-predicted inundation by up to 

150 %; high res captured bottlenecks. 

 Ozdemir et 

al., 2013 
 [39] 

10cm to 

1m 
Alcester, UK 

0.10 m DEM captured kerbs/ramps vital for pluvial 

flows; friction less influential than resolution. 

 Xu et al., 2021  [40] 
30m and 

90m 

Yangtze 

River Delta, China 

High-res DEM improved flow paths and 

depression mapping in flat terrain, enhancing 

pluvial models. 

Based on the insights from the literature review and an assessment of critical data gaps, the two 

main goals of this study are - 1) To evaluate the role of DEM resolution on obtaining flood 

characteristics, sediment yield estimates, and, mapping the susceptibility of flooding and 2) To 

investigate the role of DEM resolution on characterizing pluvial flood inundation. As an ancillary 

goal, the study also presents new topological metrics to capture the differences in watershed 

delineations obtained using various resolution DEMs. While accomplishing these objectives, the 

study develops an integrated DEM evaluation framework that proposes several new structural 

measures to understand geometric differences between DEM products and use these differences to 

understand the impacts of DEM on various flood related applications. Therefore, the proposed 

framework is comprehensive and integrates both structural and functional evaluation of DEM 

products within one integrated scheme. The developed framework generates insights that are 

directly useful to flood planning and resiliency building efforts. The mathematical framework 

developed in this study are illustrated using a set of watershed along the Texas Gulf Coast. This 

region is known for its relatively flat terrains and its high susceptibility to flooding and therefore 

serves as a useful test-bed to evaluate and illustrate the benefits of the proposed framework. 

2. Mathematical Framework 

2.1. Exploratory Data Analysis 

Consider a set of DEM products that are available within a region (watershed). Exploratory data 

analysis (EDA) including summary statistics, empirical cumulative distribution functions provide 

the first cut evaluation of similarities and differences between different DEM products. Despite their 

qualitative nature, EDA is a crucial first step of the proposed framework to not only gain preliminary 

insights, but also evaluate the quality of the data of the various DEM products. In addition to 

summary statistical measures, differences in elevation predictions can also be evaluated by sampling 

a set of points (within known coordinates) from different DEMs and using both exploratory and 

confirmatory statistical analysis methods. 
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2.2. Terrain Based Comparisions 

Here, 𝐴𝑐𝑒𝑙𝑙 is the DEM pixel area, ∆Z is the elevation difference, d as the horizontal distance 

between adjacent grid cells, Ω  represents all the cells present in the analysis domain with k 

representing the set of all neighboring upstream cells contributing flow to cell (i, j). 

The primary utility of DEMs are to obtain information about the terrain within a region. Changes 

in terrain have important hydrological implications on the flow of water and transport of sediments 

and pollutants. Table 2 provides details of the four terrain-based indices that were utilized in this 

study. Terrain-based analysis are particularly useful to understand the role of pluvial flooding [42]. 

Therefore, the metrics in Table 2, are useful to evaluate the role of DEM in pluvial flooding studies. 

Table 2. Terrain-Based Metrics for Evaluation. 

Parameter Formula Significance 

Slope 𝑆𝑖,𝑗 =  
∆𝑍

𝑑
× 100 

Indicates steepness; affects 

runoff and erosion potential 

Flow Accumulation 𝐹𝐴 𝑖,𝑗 =  ∑ 𝐹𝐴𝑘

𝑘∈Ω

 

Represents number of upslope 

cells contributing flow to a 

location 

Upslope Contribution Area 𝛼 =  (𝐹𝐴 𝑖,𝑗 + 1) × 𝐴𝑐𝑒𝑙𝑙  
Estimates drainage area affecting 

moisture and runoff 

Topographic Wetness Index 𝑇𝑊𝐼𝑖,𝑗 =  
𝛼

tan (𝑆𝑖,𝑗)
 

Predicts potential soil moisture; 

higher values indicate wetter 

areas [41] 

2.3. Topological Comparisons 

Watersheds serve as fundamental units for flood management. Topological comparisons help 

assess the nature and extent to which two watersheds that are delineated using two different DEM 

products are similar. Table 3 defines the various topological metrics that were utilized in this study. 

In this study, the D8 algorithm [43] was employed to derive flow direction from the various DEM 

products. The D8 model was chosen because it is not only computationally efficient, its compatibility 

with several widely used hydrologic models such as SWAT, HEC-HMS [44,45] that are employed for 

flood modeling studies. The D8 algorithm is also the basis for improved modeling of human-induced 

alterations in watersheds [46]. Given the simplicity and ease of use, the D8 algorithm has been 

recommended as part of open Geospatial Data Software and Standard [47]. Flow accumulation was 

computed based on the individual flow directions, providing insight into water routing and stream 

network formation [48,49]. 

Table 3. Metrics for Evaluation of Watershed Delineations. 

Metric Equation Description & Utility 

Watershed 

Boundary 

Concordance 

(WBC) 

𝑊𝐵𝐶 =  
𝐴𝑟𝑒𝑎 𝑜𝑓 𝐴 ⋂ 𝐵

𝐴𝑟𝑒𝑎 𝑜𝑓 𝐴 ⋃ 𝐵
 

Measures the overall overlap between 

two watershed polygons. Values closer to 

1 indicate high similarity. 

Convex Hull 

Containment (A ∈ 

B) 

𝐶𝑜𝑛𝑡𝑎𝑖𝑛𝑚𝑒𝑛𝑡𝐴∈𝐵

=
𝐴𝑟𝑒𝑎 (𝐶𝐻(𝐴) ∩ 𝐶𝐻(𝐵))

𝐴𝑟𝑒𝑎 (𝐶𝐻(𝐴))
× 100 

Quantifies how much of A’s convex hull 

is contained in B’s, indicating broader 

shape agreement. 
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Convex Hull 

Containment (B ∈ 

A) 

𝐶𝑜𝑛𝑡𝑎𝑖𝑛𝑚𝑒𝑛𝑡𝐵∈𝐴

=
𝐴𝑟𝑒𝑎 (𝐶𝐻(𝐴) ∩ 𝐶𝐻(𝐵))

𝐴𝑟𝑒𝑎 (𝐶𝐻(𝐵))
× 100 

Same as above but in reverse; provides 

symmetry in evaluation. 

Maximum Span 

Distance 

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑆𝑝𝑎𝑛 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒

= max (𝑑(𝑎𝑖 , 𝑏𝑗)) ∀𝑎𝑖

∈ 𝐴 , 𝑏𝑗 ∈ 𝐵 

Identifies the maximum distance between 

boundary points; reflects overall spatial 

spread. 

Hausdorff 

Distance 
𝑑𝐻(𝐴, 𝐵) =  max

𝑎𝑖∈𝐴
(min

𝑏𝑗∈𝐵
𝑑(𝑎𝑖 , 𝑏𝑗)) 

Measures the largest boundary deviation; 

sensitive to outliers and worst-case 

mismatch. 

Centroid Distance 
𝑑𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑

= 𝐷𝑖𝑠𝑡. (𝐶𝑒𝑛𝑡𝑟𝑑(𝐴), 𝐶𝑒𝑛𝑡𝑟𝑑(𝐵)) 

Represents the Euclidean distance 

between polygon centroids; useful for 

detecting positional shifts. 

Centroid Angle 

(θ) 
𝜃 = tan−1 (

𝑦2 − 𝑦1

𝑥2 − 𝑥1

) ×
180

𝜋
 

Indicates the directional offset between 

watershed centroids, measured from the 

horizontal axis. 

Table 2 lists the various metrics that were identified to quantifying the spatial differences 

between two (or more) watershed delineations. The metrics are developed by adopting various 

standard topological indices that have been used in other applications for scientific comparison and 

visualization [50–52]. Together, these metrics provide a structured approach to quantifying spatial 

differences between watershed delineations, supporting systematic comparison of how DEM 

resolution influences watershed geometry. 

2.4. Flood Susceptibility Ranking Comparisons 

While topological and terrain derived comparisons provide useful information on quantifying 

the differences between two or more DEM products, the real-test of DEMs must focus on the results 

they provide in different flood related applications. DEM derived information is widely used for 

mapping flood susceptibility and risk-based ranking of watersheds in regional flood planning 

studies. Therefore, flood susceptibility mapping was selected as an application to test the impacts of 

various DEM resolutions. 

Watershed morphometric parameters serve as robust indicators for assessing the impacts of 

DEM resolution on flood risk mapping, as they are closely linked to key hydrologic processes such 

as runoff, peak flow, lag time, soil erosion, and sediment [53]. These parameters have been 

extensively applied in flood risk mapping studies, particularly for ungauged watersheds and in 

screening-level analyses where the goal is to rapidly identify flood-prone areas without the need for 

complex hydrologic modeling [4,54–57]. In this study, a suite of 17 morphological metrics was 

assembled for evaluation purposes, categorized into Linear, Areal, and Relief aspects, as summarized 

in Table 4 and Supplementary Information S1 [57–63]. These metrics can be derived from various 

DEM products in conjunction with other watershed specific information that are tabulated in the 

literature [64] to evaluate the impacts of DEM resolution on flood susceptibility mapping. 

Table 4. Watershed Geomorphological Indices used for Flood Susceptibility Mapping. 

 Symbol Description Equation 

Linear 

Metrics 

Li Stream Length 𝐿𝑖 =  𝐿1 + 𝐿2 + ⋯ 𝐿𝑁 

Nu Stream Number 𝑁𝑜. 𝑜𝑓 𝑆𝑡𝑟𝑒𝑎𝑚𝑠 

I Basin Integral Length 𝐼 =  √(𝑥𝑑𝑠 − 𝑥𝑢𝑠)2 + (𝑦𝑑𝑠 − 𝑦𝑢𝑠)2 

Br Weighted Mean Bifurcation Ratio 𝑆𝑒𝑒 𝑆𝑢𝑝𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑟𝑦 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑆1 
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Aeral 

Metrics 

A Area 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟𝑠ℎ𝑒𝑑 

Cc Compactness Index 𝐶𝐶 =
𝑃

2√𝜋𝐴
 

Dd Drainage Density 𝐷𝑑 =
𝐿𝑖

𝐴⁄  

E Basin Elongation 
𝐸 =  

2√𝐴
𝜋⁄

𝐿𝑖

 

Ff Form Factor 𝐹𝑓 = 𝐴
𝐿𝑖

2⁄  

Fs Stream Frequency 𝐹𝑠 =
𝑁𝑢

𝐴⁄  

P Perimeter 𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟𝑠ℎ𝑒𝑑 𝑂𝑢𝑡𝑙𝑖𝑛𝑒 

Rc Circularity Ratio 𝑅𝑐 =
4𝜇𝐴

𝑃2⁄  

T Drainage Texture 𝑇 =  𝐷𝑑 × 𝐹𝑠 

Relief 

Metrics 

∆𝒉 Elevation Differential ℎ𝑚𝑎𝑥 − ℎ𝑚𝑖𝑛 

Rn Ruggedness Number 𝑅𝑛 = ∆ℎ × 𝐷𝑑  

Rr Relief Ratio 𝑅𝑟 = ∆ℎ
𝐼⁄  

% Slope Basin slope % 𝑆𝑙𝑜𝑝𝑒 =  
1

𝑁𝑝

∑ 𝑆𝑚𝑎𝑥,𝑖

𝑁

𝑖=1

 

A unified metric called the Morphometic Concordance Index (MCI) was developed to evaluate 

the overall agreement of morphometric indicators across DEM resolutions. The index sums up the 

deviations from a reference of all parameters into a single unweighted score. Following the Laplace 

Principle of insufficient reason, the various metrics are not weighted to avoid decision-maker bias 

and retain simplicity of interpretation. The MCI score is obtained as follows: 

𝑀𝐶𝐼𝑟  =  1 − 
1

𝑛
∑ |

𝑋𝑖,𝑟−𝑋𝑖,𝑅

𝑋𝑖,𝑅
|𝑛

𝑖=1  (1) 

where, X is the morphometric criterion, n is the number of criteria, the subscript R refers to a reference 

DEM and the lower-case, r refers to a DEM of interest. 

To more systematically assess the integrated impact of DEM resolution on watershed 

morphometric characterization, the Technique for Order Preference by Similarity to Ideal Solution 

(TOPSIS) was employed within a multi-criteria decision-making (MCDM) framework. TOPSIS, 

introduced by Hwang and Yoon in 1981, has become one of the most widely used MCDM methods 

[65,66]. While the criteria ratings of TOPIS are obtained from DEM derived products, the final ranking 

also depends upon criteria weights. Objective weights are obtained directly from the criteria rankings 

and are increasingly being recommended for use in flood susceptibility mapping [57]. The CRITIC 

approach was adopted here because it derives weights by integrating the standard deviation and 

inter-parameter correlations, emphasizing parameters with substantial discriminative power and 

minimal redundancy [67]. The TOPSIS technique was applied by assuming various DEM products 

as alternatives separately at each watershed. 

2.5. Pluvial Flood Characterization 

DEMs also play a crucial rule in studying pluvial flooding. In particular, depressions in DEMs 

influence the extent of inundation and surface retention of flood water. For identification of these 
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terrain sinks, DEMs were hydrologically conditioned using a depression-filling algorithm, raising 

sink cells to the elevation of their lowest neighbor. Sink depth was computed as the difference 

between the original and filled DEMs using the following raster operation: 

𝑆𝑖 = {
𝐷𝑓,𝑖 − 𝐷𝑜,𝑖  𝑖𝑓 𝐷𝑜,𝑖 < min(𝐷𝑜,𝑛)

0 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
, (2) 

where 𝑆𝑖  the sink depth at cell i, 𝐷𝑓  denote the filled DEM, 𝐷𝑜  the original DEM, and 𝐷𝑜,𝑛 

represents the set of elevation values of the eight neighboring cells surrounding cell i. The resulting 

sink depth rasters were used to extract statistical summaries, including minimum, maximum, mean, 

median, and standard deviation. Additionally, total depression area and cumulative sink volume 

were calculated by summing the product of sink depth and pixel area across all affected cells. 

2.6. Flood-Event Modeling Comparison 

Hydraulic designs rely on simulation of runoff corresponding to a critical (design) storm event. 

The information from the generated outflow hydrograph is used to regulate flows in streams and 

develop stormwater controls in land development studies. The SCS Curve Number (SCS-CN) 

technique was adopted in this study [68]. While the curve number (CN) is a function of land use and 

soil types, several other key parameters such as time to peak, lag time and others depend upon DEM 

derived parameters such as watershed area, length and slopes. Therefore, different DEM products 

could yield different estimates of flood characteristics. Mathematical details of SCS-CN technique are 

well documented in the literature [69] so they are not repeated here in the interest of brevity. SCS-

CN was implemented with various DEM products for a selected design storm to evaluate how 

different products affect runoff corresponding to the same rainfall event. 

2.7. Sediment Yield Modeling Comparison 

Floods cause a significant movement of sediments, which in turn causes loss of agricultural 

productivity and transport of pollutants. It is therefore imperative that flood risk assessments also 

consider this aspect. The Revised Universal Soil Loss Equation (RUSLE) model originally developed 

by the US Department of Agriculture is widely used for sediment erosion studies [70]. While RUSLE 

incorporates soil and rainfall characteristics, The slope-length (LS) factor requires estimation of slopes 

and areas (McRoberts et al., 2002) which are DEM dependent. These factors are manipulated in a 

highly nonlinear manner to obtain the slope length factor (LS). Therefore, the computation of LS can 

be highly sensitive to the resolution of the DEM which in turn could critically affect the estimated 

sediment yield. The RUSLE model is also well documented in the literature and as such its 

mathematical details are not presented here in the interest of brevity. RUSLE implementation 

workflows using GIS and remote sensing technologies are presented in the literature and were 

adopted in this study [72]. 

The overall framework of analysis is presented in Figure 1. As can be seen, the approach is 

generic and can be scaled to any number of DEM comparisons. In addition, the approach is also 

comprehensive in that it not only compares various DEM products but also allows comparison of the 

outputs they generate for supporting flood studies. The comparison is also multi-dimensional in that 

the DEM evaluation considers both quantity (flood water) and quality (sediment yield) 

considerations. Therefore, the proposed framework provides a complete picture on the use of DEM 

for flood related applications. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 July 2025 doi:10.20944/preprints202507.1578.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.1578.v1
http://creativecommons.org/licenses/by/4.0/


 8 of 24 

 

 

Figure 1. Workflow for Comprehensive DEM Analysis. 

3. Illustrative Case Study 

The study focuses on the Texas Gulf Coast, a region encompassing over 350 miles of shoreline 

from the US-Mexico border at Brownsville, TX at the south to Texas-Louisiana border in the 

northeast. The region is home to major cities and metropolitan areas such as Houston, Corpus Christi, 

and Beaumont-Port Arthur. The region has several ports, five of which are ranked in the nation’s top 

20 on the basis of tonnage and support over $450 billion worth of economic activity within Texas and 

over $1 trillion in the nation [73,74]. In addition, Texas has the highest number of crude oil refineries 

in the nation, many of which are located along the Gulf of Mexico [75]. 

The Gulf of Mexico region of Texas is also a climate hot-spot and climate shifts studied using an 

ensemble of models indicate a greater propensity of fast-moving tropical storms making landfall 

along the Texas coast [76]. The Texas coast is also known for its biodiversity and unique ecological 

habitats [77], wherein the resilience of many small communities relies heavily on ecotourism [78]. 

The hydro-climatology of the Texas Gulf Coast region also varies from humid conditions towards the 

northeast to semi-arid conditions in the south and provides a valuable test-bed that is of economic, 

ecological, and social significance as well has considerable hydrologic heterogeneity. 

In the wake of Hurricane Harvey in the year 2017, the state of Texas enacted legislation (Senate 

Bill 8 or SB8) in the year 2019 to develop state flood plan [79]. The state flood plan is assembled in 

using a bottoms up planning approach considering different aspects of flooding in the states 15 flood 

planning zones. The state flood plan seeks to identify and mitigate flood hazards to its population 

and critical infrastructure. The legislative mandate dictates the use state-of-the-art tools and datasets 

for understanding floods and mitigating their impacts. Given the important role of DEMs in flood 

characterization, identifying appropriate resolution of DEMs for various flood related studies and 

evaluating when and where higher resolution LiDAR based DEM data are required becomes critical 

[80]. This study directly addresses these practical questions using 6 representative watershed across 

the Texas Gulf Coast. The locations of these watersheds in Texas are depicted in Figure 2. The 

watersheds are delineated to a USGS gaging station as their pour point. These stations and the listed 

watershed areas are summarized in Table 5. All stations are part of the USGS GAGES-II database [81] 

and are identified as those that have not undergone human disturbances. As such, the selected 
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watersheds highlight the impacts of DEM resolution as the results are not affected by human 

alterations to the elevations. 

 

Figure 2. (a) Study Area; (b) The selected Watersheds; (c) Village Creek Watershed; (d) Little Cypress Creek 

Watershed; (e) Navidad River Watershed; (f) Lavaca River Watershed; (g) Mission River Watershed and (h) Los 

Olmos Creek Watershed. 

Table 5. Attributes of selected stations from GAGES-II dataset. 

Gauge Station ID Station Name Latitude Longitude 
Listed Drainage 

Area (sqkm) 

USGS08041500 Village Creek nr Kountze, TX 30.40 -94.26 2228.48 

USGS08068780 Little Cypress Creek nr Cypress, TX 30.02 -95.70 114.07 

USGS08164300 Navidad River nr Hallettsville, TX 29.47 -96.81 861.54 

USGS08163500 Lavaca River at Hallettsville, Tx 29.44 -96.94 264.29 

USGS08189500 Mission River at Refugio, TX 28.29 -97.28 1808.29 

USGS08212400 Los Olmos Creek nr Falfurrias, Tx 27.26 -98.14 1236.47 

3.1. Data Compilation and Processing 

Four distinct DEM products were employed as the primary datasets for this study (See Table 6). 

These included a 1 m LiDAR DEM [82–85], a 1/3 arc-second (10 m) DEM from the USGS 3DEP 

program [86], a 1 arc-second (~30 m) DEM from ASTER GDEM v3 [87], and a 1 arc-second (~30 m) 

DEM from the Shuttle Radar Topographic Mission (SRTM) [88]. The selection of these DEMs were 

based on their data availability and therefore their widespread use in the United States [89–91]. 

SRTM- and ASTER-derived products also commonly applied worldwide [92–94]. Hydrologic 

modeling studies often resample the DEMs to meet their spatial resolution needs or reduce 

computational burden. To reflect this practice, the 1 m LiDAR and 10 m DEMs were resampled to 5 

m and 15 m resolutions, respectively, using nearest-neighbor interpolation. 
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Table 6. This is a table. Tables should be placed in the main text near to the first time they are cited. 

Resolution Dataset Source Coverage Collection Period 

1m 

Neches River Basin 

Lidar 

USGS/FEMA/Quantum 

Spatial and Dewberry 

Neches River Basin 

(East Texas) 
March 3-5, 2016 

South Central Texas 

Lidar 

USGS/FEMA 

/Dewberry 

Texas Counties 

(Atascosa, Frio, Live 

Oak, Gillespie, 

Kimble, Kerr) 

Jan 4-28, 2018 

Hurricane Lidar USGS/FEMA/Furgo 
45 Texas Counties 

(Central to Coastal) 

Jan 14 – Feb 20, 

2019 

South Texas Lidar 
USGS/FEMA/Quantum 

Spatial 

30 counties in South 

Texas 

Jan 13 – Feb 23, 

2018 

1/3 Arc Sec 

(~10m) 

3DEP National Map 

Seamless 
USGS United States 

June 2000 – Dec 

2011 

1 Arc Sec 

(~30m) 

Shuttle Radar 

Topography Mission 

(SRTM) 

NASA/NGA Global Feb 11–22, 2000 

ASTER GDEM V3 NASA /JAXA 
Global (3 arc sec) 

USA (1 arc sec) 
1999 – 2013 

Raster DEMs were often provided in small tiles to manage storage and distribution. To ensure 

seamless coverage for each watershed, these tiles were mosaicked into a single continuous raster 

dataset. A depression-filling operation was applied to eliminate artificial sinks, followed by the 

computation of flow direction and flow accumulation to establish hydrologic connectivity. 

In this study, the D8 algorithm [43] was employed to derive flow direction from the various 

DEM products. The D8 model was chosen because it is not only computationally efficient, but its 

compatibility with several widely used hydrologic models such as SWAT, HEC-HMS [44,45] that are 

employed for flood modeling studies. The D8 algorithm is also the basis for improved modeling of 

human-induced alterations in watersheds [46]. Given the simplicity and ease of use, the D8 algorithm 

has been recommended as part of open Geospatial Data Software and Standard [47]. However, the 

proposed evaluation framework is agnostic to the algorithms used for processing DEM products to 

generate flow accumulations, paths and directions. 

Watershed boundaries were delineated using ArcGIS Pro [48,49] by snapping pour points to the 

nearest stream network. Once the delineated watersheds were used to obtain the required 

geomorphic data from the from the NHDPlus dataset [64]. Pluvial flood characteristics such as sink 

area estimation were also carried out using ArcGIS Pro GIS software. Given the high data volume 

exceeding 60,000 LiDAR tiles for some basins, custom automated routines in Python and ArcGIS Pro 

were developed to streamline the data processing workflows. Custom scripts were developed to 

implement TOPSIS, SCS-CN and RUSLE analysis as well as compute the geomorphic indicators using 

Python and R programming languages [95,96]. 

4. Results and Discussion 

4.1. Exploratory Data Analysis 

Figure 3 depicts the values of various statistical measures (min, max, mean) and important 

quantiles (5, 25. 50, 75 and 95 percentiles) for different DEM products across different watersheds. 

The results indicate that higher resolution DEMs (< 15 m resolution) tend to be more consistent across 
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the watersheds. Slight deviations in minimum elevations in some watersheds (e.g., Lavaca, Navidad, 

Mission Rivers) were traced to localized sinks caused by interpolation artifacts, which were corrected 

through sink-filling operations. These corrections were noted to have local impacts and did not affect 

the summary statistics or the other quantiles. These results however highlight that artificial sinks can 

pose problems at any resolution and even with widely available datasets such as the USGS 1/3 arc-

second product. 

The 10 m 1/3 arc-second 3DEP DEM product is widely available in the US and in the absence of 

any local higher resolution data, this product represents the best resolution for hydrologic studies. 

As such, this product was used as the reference and other products were compared against using 

using various goodness of fit measures. To facilitate this comparison, a large sample of points (> 

300,000) were randomly selected within each watershed and used to extract elevations from all DEM 

products. 

 

Figure 3. Comparison of Elevations Across Various Quantiles. 

The data were used to compute various goodness of fit measures. The results in Table 7 indicate 

that DEM products with resolutions less than 15 m show good agreement with the reference 10 m 

DEM. While the 15 m DEM has the best error metrics, it is important to keep in mind that this DEM 

was resampled from the 10 m DEM. The analysis indicates that in the absence of higher resolution 

data the 10 m DEM should provide elevations comparable to higher resolution DEM models. The 

result also show that 30 m resolution DEMs exhibit greater deviations from the 10 m product. This 

result is to be expected because the elevation at a point is averaged over a larger area (pixel size) thus, 

these models lack the ability to retain local variations. It can also be seen that the 30 m SRTM DEM 

has better error metrics than the 30 m ASTER product. This result likely stems from the fact that 

SRTM is radar based and as such is not affected by the presence of cloud cover. On the other hand, 

ASTER is optical based and the elevation computation is affected to a greater degree by atmospheric 

interference and incident angle [97]. 

Table 7. Comparison of DEM Products against 10 m (1/3 Arc-Second 3DEP Product) across Six Watersheds. 

Resolution RMSE NSE PCC PBIAS R2 ME STD KGE 

1m 1.21 0.99 >0.99 -0.37 >0.99 -0.24 1.13 0.99 

5m 1.21 0.99 >0.99 -0.37 >0.99 -0.24 1.13 0.99 
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15m 0.49 >0.99 >0.99 <0.01 >0.99 >-0.01 0.49 >0.99 

30m ASTER 6.65 0.79 0.94 2.10 0.89 1.23 5.94 0.88 

30m SRTM 4.67 0.94 0.98 4.32 0.97 3.50 2.95 0.94 

RMSE: Root mean square error; NSE: Nash Sutcliffe Efficiency Criterion; PCC – Pearson Product Correlation 

Coefficient, PBIAS: Percent Bias; ME: Mean Error; STD: Standard Deviation; KGE: Kling Gupta Efficiency Metric. 

4.2. Terrain Based Assessment 

The slopes, flow accumulation were computed pixel by pixel and extracted using a set of points 

uniformly spaced across the watershed to evaluate variations in terrain based parameters. As the 

total wetness index (TWI) incorporates both the slope and flow accumulation, its results are of most 

interest. Figure 4 depicts the TWI values across the areal extent of the Little Cypress Creek, TX (an 

illustrative watershed). The results show similar trends across all watersheds and as such are not 

presented here in the interest of brevity. 

 

Figure 4. Comparison of TWI for various DEM Resolutions across Little Cypress Creek, TX. 

The results in Figure 4 indicate that the terrain based characteristics, particularly the total 

wetness index (TWI) is very sensitive to the resolution of the DEM. In general the accumulated area 

increases with increasing DEM resolution. This result largely arises because the high resolution DEM 

capture slopes over smaller areas due to their small pixel sizes, as the resolution increases the slopes 

are averaged over much larger areas. This averaging reduces the slope values which in turn increase 

the TWI values (as the slope is in the denominator). 

The TWI estimates the tendency of the watershed to retain water. The use of lower resolution 

DEMs indicate greater retention of water within the watershed and therefore lesser outflows as 

compared to higher resolution DEM products. Greater retention implies lower discharges and an 

under-estimation of runoff brought forth by the neglect of micro-relief features that control sheet 

flows. The large over-estimation also implies that the use of coarser DEMs will significantly over-

estimate the inundation areas, infiltration and other watershed losses, likely leading to under-design 

of storm water capture and treatment structures. 

4.3. Topological Comparisons 

Watershed Boundary Concordance (WBC) metrics indicate strong agreement among high-

resolution DEMs (1-15 m), with most watersheds showing values above 0.92, suggesting minimal 

topological variation across DEM products (see Figure 5). An exception is Little Cypress Creek, where 

WBC values decline sharply with coarser resolutions, reflecting the importance of fine-scale data in 

capturing its complex micro-topographic features. Coarse-resolution DEMs (ASTER and SRTM, both 

30 m) consistently yield the lowest WBC values across all watersheds, underscoring their limitations 

in terrain detail. Notably, despite their shared resolution, SRTM outperforms ASTER which is likely 
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due to its radar-based acquisition method, which is less affected by vegetation and atmospheric 

interference than ASTER’s optical system. 

 

Figure 5. Watershed Boundary Concordance (WBC) metrics across all watersheds and resolutions. 

Figure 6 further supports these findings as watershed centroid discrepancies grow with the 

inclusion of coarse data (red points), while comparisons involving only high-resolution DEMs (green 

and blue) exhibit tighter spatial alignment. Additional spatial similarity metrics listed in Table 3 are 

made available in the Supplementary Information for brevity). These results indicate that the 

containment hull and inter-boundary distance vary little across resolutions. In contrast, Hausdorff 

Distance values increase notably with coarse-resolution DEMs (especially ASTER and SRTM), 

indicating greater divergence at the boundaries for these products. From a hydrological standpoint, 

the divergence in boundaries obtained at coarser resolution arises due to smoothing out of elevations 

due to averaging over a larger spatial distance. This in turn could impact the surface runoff 

characteristics as well as weathering along the hill slopes that impact sediment and pollutant 

transport. 
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Figure 6. Centroid distance and angle discrepancies across all watersheds and resolutions. 

4.4. Role of DEM in Flood Susceptibility Mapping 

The Morphometric Concordance Index (MCI), summarized in Figure 7, provides an overall 

measure of how well each DEM resolution preserves watershed morphometry. High-resolution 

DEMs consistently achieved high MCI values (>0.86), with the 15 m DEM showing the closest 

agreement across all watersheds due to its derivation from the reference dataset. Even in sensitive 

watersheds like Little Cypress Creek, MCI values for these finer resolutions remained above 0.72. In 

contrast, ASTER yielded the lowest MCI values across all watersheds, reflecting the cumulative 

impact of deviations in slope and shape distortions. SRTM shows intermediate performance, it is 

more stable than ASTER but still less reliable than the resampled high-resolution DEMs. 

 

Figure 7. Morphometric Concordance Index (MCI) metrics across watersheds and resolutions. 

The TOPSIS-based multi-criteria decision-making analysis was carried out using the results 

from 10 m DEM (most common) as the ideal reference. Therefore, the results in Figure 8 can be 

interpreted as how the DEMs perform in ranking flood susceptibility as compared to the 10 m 

reference DEM. As to be expected the 15 m resampled DEM provided the results closest to the 10 m 

DEM as it was resampled from it. The 1 m and 5 m DEM also provide similar results due to 

resampling. They are also fairly close to the 10 m DEM result as compared to the 30 m DEMs. 

However, there is considerable variability across different watersheds. In general, the deviations are 

higher in flatter terrains which occur in the southern portions of the study area. The results suggest 

that resampling of DEM to a slightly coarser resolution often does not affect flood susceptibility 

mapping and the resampling could reduce the computational burden when mapping flood risks over 

larger domains. Flood risk maps are also highly susceptible to DEM resolution. Both higher and lower 

resolution DEMs could map risks differently as compared to the 10 m reference DEM. However, the 

higher resolution DEMs match the 10 m DEM results more closely than the 30 m DEM and as such 

their usage is preferred to coarser DEMs in large scale flood susceptibility mapping applications. 
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Figure 8. TOPSIS Scores for Different DEM Products across Different Watersheds. 

4.5. Rainfall-Runoff Modeling Applications 

Figure 9 and Figure 10 depict the runoff characteristics (peak volume and time to peak 

respectively) corresponding to a unit rainfall of 6 hr duration at the selected watersheds. The 30 m 

SRTM DEM consistently produces the largest peak volume and lowest time to peak estimates. 

Therefore, this DEM resolution offers the most conservative estimates for estimating runoff and 

planning flood emergency activities. This result is directly correlated to the fact that the 30 m DEM 

consistently has the lowest time to peak estimates across all watersheds. The time to peak is 

proportional to the length of the watershed and inversely proportional to the slope. The coarser 

resolution SRTM provides the smallest distance and steeper slopes compared to other DEM products. 

In a similar vein, the SRTM model also provides the larger areas which leads to increases in peak 

volumes. These results are consistent with the watershed boundary concordance metrics. The noted 

discrepancies in the centroid and boundary delineations (see Figure 5) with increasing resolution 

explain the observed hydrological impacts. However, the relationship is not consistent across DEM 

resolutions. Thus, even while DEM products may provide similar overall metrics like watershed area, 

they may deviate in terms of the shape and slope factors which are also critical for rainfall-runoff 

modeling. In general, the higher resolution DEMs (1m and 5m) generally provide the next most 

conservative runoff estimates. These results indicate that for the purposes of rainfall runoff modeling 

a coarser but reliable DEM such as the 30 m SRTM could perhaps be sufficient for obtaining runoff 

estimation for flood planning purposes. 
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Figure 9. Peak Flow Estimates (cfs) for a 6-Hr Unit Hydrograph across Different DEM Products at Selected 

Watersheds. 
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Figure 10. Time to Peak (hr) Estimates for a 6-Hr Unit Hydrograph across Different DEM Products at Selected 

Watersheds. 

4.6. DEM Impacts on Sediment Yield Computations 

While the sediment flux estimates vary among different watersheds due to their size and soil 

characteristics, a consistent pattern can be seen with regards to the DEM products evaluated. The 

ASTER based 309 m DEM provides the most conservative estimate. The highest resolution DEM (1 

m LiDAR) provides the next most conservative estimate. The two DEM factors of interest in the 

implementation of the RUSLE model are the slope and flow accumulation which are used to obtain 

the LS factor. As discussed previously, coarser resolution models tend to over-predict the flow 

accumulation which affects the sediment flux (ceteris paribus). An over-estimation of steepness 

further increases the flux estimate. These two factors act in consort and cause a very high estimate of 

sediment flux for ASTER. These two factors are not as fully in consort for the 30 m ASTER and 1 m 

DEM which tempers their estimates. Again, the relationship between DEM resolution and sediment 

yield estimates is not consistent and sediment fluxes not only are influenced by the resolution of the 

DEM but also the method of data collection. It is therefore recommended that multiple DEMs be used 

to obtain potential ranges of sediment fluxes when applying RUSLE model in flat terrains such as the 

study area here. 

4.7. Role of DEMs in Pluvial Flooding Characterization 

Depressions and Sinks cause water to accumulate on relatively impervious surfaces and lead to 

nuisance issues. Therefore, accurate delineation of depressions and sinks is critical in pluvial flooding 
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studies. Table 8 presents sink depths (relative to the nearest minimum elevation) as well as total sink 

areas and volumes in selected watersheds. The results highlight the importance of higher resolution 

DEMs, particularly the 1 m DEM. The coarse resolution DEMs particularly the ASTER based 30 m 

product appears to result in unrealistic sinks depths and volumes. Again, no consistent pattern can 

be seen with resolution. Even the widely available 10 m DEM can lead to highly unrealistic values in 

some watersheds. The highest resolution DEMs (1m) appear to produce consistent results across all 

watersheds as it captures micro features (depressions, low lying areas) that lead to water 

accumulations. Therefore, the use of 1m DEM or higher resolution (if available) is recommended here 

for pluvial flooding studies. 

Table 8. Sinks Descriptions Observed across Six Watersheds. 

Watershed-Resolution 
Sink Depth (m) 

Area (m2) Volume (m3) 
Min Max Mean Median SD 

USGS08041500 

1m 1.00 8.00 1.06 1.00 0.29 3.62E+07 3.83E+07 

5m 1.00 8.00 1.06 1.00 0.30 3.41E+07 3.62E+07 

10m 1.00 4.00 1.09 1.00 0.30 2.90E+06 3.17E+06 

15m 1.00 4.00 1.07 1.00 0.27 3.82E+06 4.09E+06 

ASTER 1.00 51.00 4.09 3.00 3.40 7.30E+08 2.99E+09 

SRTM 1.00 19.00 2.79 2.00 2.11 5.42E+08 1.51E+09 

USGS08068780 

1m 1.00 11.00 1.59 1.00 1.37 5.05E+06 8.03E+06 

5m 1.00 11.00 1.58 1.00 1.22 4.50E+06 7.11E+06 

10m 1.00 4.00 1.28 1.00 0.58 1.80E+06 2.30E+06 

15m 1.00 4.00 1.28 1.00 0.58 1.85E+06 2.37E+06 

ASTER 1.00 20.00 2.99 2.00 2.16 3.06E+07 9.14E+07 

SRTM 1.00 11.00 1.74 1.00 1.03 2.32E+07 4.04E+07 

USGS08164300 

1m 1.00 8.00 1.20 1.00 0.55 1.03E+07 1.24E+07 

5m 1.00 8.00 1.19 1.00 0.55 9.95E+06 1.19E+07 

10m 1.00 138.00 3.21 1.00 14.23 2.15E+06 6.90E+06 

15m 1.00 138.00 2.72 1.00 12.45 2.98E+06 8.12E+06 

ASTER 1.00 33.00 3.81 3.00 2.99 2.81E+08 1.07E+09 

SRTM 1.00 13.00 2.16 2.00 1.59 1.44E+08 3.11E+08 

USGS08163500 

1m 1.00 5.00 1.13 1.00 0.40 3.25E+06 3.68E+06 

5m 1.00 5.00 1.14 1.00 0.41 2.98E+06 3.39E+06 

10m 1.00 121.00 4.69 1.00 17.84 5.93E+05 2.78E+06 

15m 1.00 121.00 3.49 1.00 14.73 9.22E+05 3.22E+06 

ASTER 1.00 25.00 3.58 3.00 2.71 8.21E+07 2.94E+08 

SRTM 1.00 10.00 1.57 1.00 0.91 3.40E+07 5.36E+07 

USGS08189500 

1m 1.00 13.00 1.24 1.00 0.77 1.80E+07 2.23E+07 

5m 1.00 13.00 1.22 1.00 0.76 1.76E+07 2.15E+07 

10m 0.10 5.80 0.52 0.30 0.60 1.06E+07 5.53E+06 

15m 0.10 5.80 0.56 0.30 0.61 1.40E+07 7.76E+06 

ASTER 1.00 40.00 3.06 2.00 2.39 4.80E+08 1.47E+09 

SRTM 1.00 20.00 1.61 1.00 0.94 3.31E+08 5.33E+08 

USGS08212400 
1m 1.00 9.00 1.46 1.00 0.84 2.35E+07 3.43E+07 

5m 1.00 9.00 1.46 1.00 0.87 2.14E+07 3.12E+07 
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10m 0.10 6.30 0.83 0.50 0.87 1.82E+07 1.50E+07 

15m 0.10 6.40 0.81 0.50 0.86 2.00E+07 1.63E+07 

ASTER 1.00 51.00 4.23 3.00 3.87 3.35E+08 1.42E+09 

SRTM 1.00 17.00 1.56 1.00 0.92 1.81E+08 2.83E+08 

5. Summary and Conclusions 

The overall goal of this study was to evaluate the role of DEM resolution on flood 

characterization. Most previous studies that solely focus on structural evaluation of various DEM 

products, the present study presents a comprehensive evaluation by integrating structural 

(topological) comparisons with that across various flood characterization applications. Specifically, 

the study evaluates the role of DEM resolution and various DEM products for - 1) Mapping flood 

risks and susceptibility; 2) Estimating runoff associated with a storm event; 3) quantify how DEMs 

influence sediment fluxes associated with flooding events and 4) the role of DEMs in describing 

pluvial flooding impacts. 

As noted in the literature, there is no one single DEM resolution that is superior across all flood 

related applications, and this study corroborates this finding as well. However, the study sheds some 

useful insights related to the selection of DEM products for a given application. The coarser DEMs 

tend to over-estimate slopes and alter the shape of the watershed (even when they preserve area). 

These changes are critical for sediment flux estimates as well as rainfall runoff modeling. For rainfall-

runoff modeling, the widely available 10 m DEM provides reasonably conservative estimates and the 

lack of higher resolution DEMs should not impact flood planning studies. In a similar vein, this 

resolution is also suitable for watershed scale flood susceptibility mapping applications that utilize 

geomorphological factors. The 10 m DEM can be further resampled to 15 m resolution to reduce 

computational burden when dealing with large areas. The ASTER based DEM is generally inferior to 

the radar based (SRTM) DEM at the 30 m resolution. While ASTER provides the most conservative 

estimate of sediment fluxes, it is very likely that there is significant over-estimation. The ASTER based 

DEM is generally unsuited for delineating sinks and depressions which are critical to study pluvial 

flooding. Even the 10 m DEM could be insufficient for this flooding application. Therefore, LiDAR 

based 1 m DEM products are recommended for these studies. These insights should be useful to flood 

planners and modelers and help select an appropriate DEM product for their application. 
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DEM Digital Elevation Model 

MCDM Multi Criteria Decision Making 

TOPSIS Technique for Order Preference by Similarity to Ideal Solution 

LiDAR Light Detection and Ranging 

NPS Non-Point Source 

WBC Watershed Boundary Concordance 

SCS-CN Soil Conservation Service-Curve Number 

RUSLE Revised Universal Soil Loss Equation 

USGS United States Geological Survey 

NHD National Hydrography Dataset 

SRTM Shuttle Radar Topography Mission 

ASTER Advanced Spaceborne Thermal Emission and Reflection Radiometer 

SWAT Soil and Water Assessment Tool 

HEC-HMS Hydrologic Engineering Center - Hydrologic Modeling System 

FEMA Federal Emergency Management Agency 
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