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Web browser-based simulation setup



DSS-WISE Lite Simulation Results package

• Gridded raster outputs
• Vector polygon outputs derived 

from gridded data
• Google Earth .kmz file
• PDF report with map images



DSS-WISE Lite Hydrodynamic results

Users can visualize results/maps via the system’s interactive GUI on their personal 
computers and smart phones or download them onto their own servers as GIS layers or 
just as a summarized PDF report to be handed to emergency managers and first 
responders.



DSS-WISE HCOM: Human Consequences Module





Steps of Automated Input Data Preparation 1.2



1
The computational domain centered at the 
dam is prepared as a virtual raster (15-200 ft) 
from USGS 3DEP tiles

2 Reservoir bed topography is estimated using 
specially developed skeletonization algorithms

3 The bridges identified by the user are removed 
if they are represented in the DEM as elevation

4
Levees from the National Levee Database 
(NLD) are burned into the DEM at the correct 
cell size

5
Roughness values are assigned based on the 
21 classified land use/cover classes from 
NLCD 2016

Step-by-Step Automated Input Data Preparation



DSSWISE  Lite Uses USGS 3DEP DEM Data

After Removing Cells of Large Waterbodies 

Clipped to the Ocean Shoreline 
1.3



USGS 3DEP Tiles

DSS-WISE Lite Simulations Use a 2019 Snapshot of the Available 3DEP Data:

Dataset Coverage # Tiles Total Size

2 arc-second (~60-meter) Alaska 512 5 GB

1 arc-second (~30-meter) North and South 
America

3,811 130 G B

1/3 arc-second (~10-
meter)

CONUS seamless 1,438 490 GB

1/9 arc-second (~3-meter) Partial 8,345 865 GB

1-meter Partial 30,930 4.5 TB



USGS 3DEP 2019 Coverage



1/3 arc-second USGS 3DEP Tiles

500 MB!

Each 1/3 arc-second tile is about 500MB and covers and area of roughly 110 km 
by 110 km.



Composite DEM with Best Available Elevation Information



Automated Preparation of Geospatial Model 

Inputs
1.4



Set up domain size and perform consistency checks
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The downstream buffer distance provided by the user is used to extract the boundary of the DEM (computational 
grid) to be prepared. With the minimal bounding box at the center, the domain extends one buffer distance in four 
cardinal directions.
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Calculate the footprint of the dam

In this step, first the footprint of the dam at its base is calculated based on some prescribed rules. The area under 
this base width is removed from the DEM. Later, after the unknown bed topography is estimated, an idealized dam 
with a constant width will be erected by raising the DEM cells under the footprint of average width to the crest 
elevation.

Footprint of the dam in 
reality

Water surface in the lake is detected as a 
“quasi” flat topography. 

1

3.5

Crest Line 
digitized by 

the user
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HH

True footprint of the dam

3.5HH 3.5HH

HH = Hydraulic height



Simplified Illustration of the Estimation of the Removal of Dams, Reservoir Bed Elevation, and Breaching Process



Distance to the shore map is calculated.Original DEM. Centerline is obtained

Distance from the reservoir to each cell is 
calculated

Bottom topography is calculated using 
parametric cross sections

Final interpolated topography is obtained.

Estimate the reservoir bed topography (execute this step if reservoir bed topography is to be estimated)



Manning’s Coefficients are Assigned Based on NLCD 2016 Classified Land Use/Cover Map

The automated input data preparation module uses NLCD 2016 classified land use/cover map to assign 
Manning’s roughness values to computational cells.



INTRODUCTION TO DSS-WISE  HCOM 1.5



What is DSS-WISE  HCOM?

DSS-WISE HCOM is a post-processing module available under DSS-WISE Web. It provides an assessment of the 
potential consequences of a dam-break (or a levee-break) floods on humans by
• providing flood hazards maps for humans (but also indirectly for structures) for preparedness, and
• assessing nighttime and daytime PAR counts to assist in emergency response planning and evacuation planning.

DSS-WISE HCOM generates four types of analysis:

1. Flood Hazard Mapping for humans
a. Flood hazard mapping for population caught outdoors
b. Flood hazard mapping for population caught indoors

2. Mapping of Potentially Lethal Flood Zones (PLFZ) for humans
a. PLFZ for children
b. PLFZ for adults

3. Analysis of Population at Risk (PAR) numbers by interfacing results from DSS-WISE Lite with population data
a. Nighttime PAR analysis using LandScan USA nighttime population
b. Daytime PAR analysis using LandScan USA daytime population
c. PAR analysis using 2010 census block data



Maximum Specific Discharge ≡ Maximum DV (D: Depth and V: Velocity) / Units: ft2/s

Raster file of the magnitude of the maximum 
specific discharge, 𝑞𝑚𝑎𝑥 (ft2/s), which is 
calculated from the maximum values of its 
components in 𝑥- and 𝑦-directions using the 
expression:

𝑞𝑚𝑎𝑥 = 𝑞𝑥𝑚𝑎𝑥

2
+ 𝑞𝑦𝑚𝑎𝑥

2

In literature on the estimation of the 
consequences of dam-break floods, the 
specific discharge, q, is sometimes denoted by 
DV, referring to the product of the depth of 
flood, D, and the velocity magnitude, V.

Early consequence analysis methods were 
based on the results provided by one-
dimensional flood models. The DV value was 
not based on depth and velocity computed at 
any specific location and it could only be 
computed in an average sense for a cross 
section or a reach (FEMA 2011, p.20).

Two-dimensional flood models, such as DSS-WISE  Lite, 
compute the DV value at the center of each cell. The 
consequence analysis provided in the present report 
considers DV to be the same as q. It is implicitly implied that 
we consider the maximum value:

𝐷𝑉 ≡ 𝐷𝑉𝑚𝑎𝑥 ≡  𝑞𝑚𝑎𝑥



DSS-WISE HCOM: Potential Flood Hazard for People Caught Outdoors

For humans caught outdoors, DSS-WISE HCOM 
maps the ranges of 𝐷𝑉𝑚𝑎𝑥 corresponding to five 
potential hazard (or danger) levels identified by 
different color codes:
1. “Very Low Hazard: Shallow flow or deep 

standing water”;
2. “Low Hazard: Dangerous to children”;
3. “Moderate Hazard: Dangerous to some 

adults”;
4. “Significant Hazard: Dangerous to most 

adults”; and
5. “Extreme Hazard: Dangerous to all”.

The basis is the Cox et al. (2010) (adopted also by 
FEMA and USBR).
Interpretation of these five zones are given for 
three population categories defined by an index 
value corresponding to the product of height (H) 
and mass (M) of the individual:
1. “Infants and Small Children”,
2. “Children”, and
3. “Adults”;



For people caught indoors during the flood, it will be assumed that the potential danger is associated with the 
collapse of the building (see FEMA 2011, p. 43).

Thus, the approach neglects the potential of drowning in the structure. Only collapse of the building is considered. 
Thus, the map of Potential Flood Hazard for People Caught Indoors can also be used as flood hazard map for the 
structures and can be used in evaluating potential structural damage.

The table below lists the 𝑞𝑚𝑎𝑥 𝐷𝑉𝑚𝑎𝑥 -values for the potential collapse of different types of buildings, which are 
taken from the technical report of the Life Safety Model (LSM) developed by British Columbia Hydro (BCH 2006).

Potential Flood Hazard for People Caught Indoors



Mapping Potentially Lethal Flood Zones (PLFZs) fro Children and Adults

The mapping of potentially lethal flood zones (PLFZs) for humans consists of partitioning the inundation area into zones of 
pre-defined potential lethality classes for humans. The resulting map is an ESRI polygon shapefile. The polygons 
correspond to different levels of potential lethality that are defined based on the maximum depth, ℎ𝑚𝑎𝑥 ≡ 𝐷𝑚𝑎𝑥, and 
maximum specific discharge, 𝑞𝑚𝑎𝑥 ≡ 𝐷𝑉𝑚𝑎𝑥.

The definition of PLFZs for different categories of people caught outdoors, cars, mobile homes and typical residential 
structures are listed in the table below (Feinberg, 2017).

Feinberg, B. 2017. “Using Potentially Lethal Flood Zones to Assess Downstream Impacts from Dam Failure.” 
Presentation at the National Dam Safety Training Seminar.



2010 Census Block Data

2010 Census Block data is provided by the 
United States Census Bureau.

A census block is the smallest geographic 
unit for which USCB collects data from all 
the houses in the unit (rather than a sample 
of houses). Census Blocks are bounded by 
visible features such as streets, roads, 
streams and nonvisible features such as 
property lines and limits of city, township, 
school district, and counties, etc.

2010 Census includes 11,166,336 Census 
Blocks and 545,653 “water-only” Census 
Blocks covering the Unites States, Puerto 
Rico and the Island Areas.

4,871,270 blocks have zero population and 
they cover an area of 4.61 million square 
kilometers, which corresponds to 47% of the 
total territory of the U.S.

CONUS

ALASKA

HAWAII
PUERTO RICO

ALEUTIAN (EAST) 
ISLANDS



Combined (Seamless) LandScan USA Gridded (3 arc-second) Population Data

Combined nighttime population 
density raster at 1/3 arc-second 
resolution. The scale for the 
population density in the inserts is 
locally varied for visibility purposes.



Verified and validated hydrodynamic model:

Comparison studies
1.6







• Pumped storage powerplant reservoir in Missouri 
failed in December 2015

• No loss of life, but injuries reported
• DSS-WISE Lite simulation results compared with 

observed inundation extent, discharge 
hydrograph

• Inundation area match is superior to other 
published model results

Metric % DSS-WISE Lite 
% Flood2D-GPU 

(Kalyanapu et al., 2011) 
% FIT2D (Judi, 2009) 

𝑭 84.1 75.1 76.3 

Commission 12.2 15.3 16.6 

Omission 4.7 13.1 9.5 

 
Taum Sauk flooded area statistical comparison

Taum Sauk comparison study



Comparison of simulated inundation extent 
(gray fill) with observation for the Taum Sauk 
Dam Breach

Breach outflow discharge hydrograph and reservoir stage

Taum Sauk comparison study



While HEC-RAS and DSS-WISE Lite employ different numerical 
schemes and computational methods, …results are very 
similar.”
“…DSS-WISE Lite is the model of choice for fast run time, ease of 
use, and low computational demand…”

-Dr. Danielle Salt
Salt, D. V. (2019). A comparison of HEC-RAS and DSS-WISE Lite 2D hydraulic models for a 

Rancho Cielito Dam breach. California State University: Sacramento, CA, USA.

“ “
Published Dissertation Conclusions



• Edenville embankment dam failed in central Michigan 
In May 2020

• Subsequent flood overtopped downstream Sandford 
Dam causing it to fail

• Combined  flood impacted more than 4,000 
structures, no loss of life

• DSS-WISE Lite simulation matched well in both 
inundation area and observed gauge station 
hydrograph

Edenville comparison study



(a) Landsat-8 at 

Midland

(c) Landsat-8 at 

Saginaw

(e) Landsat-8 at Bay City

(b) Simulated and observed at Midland

(d) Simulated and observed at 

Saginaw

(f) Simulated and observed at Bay 

City

Discharge hydrograph at USGS gage station 04156000 
Tittabawassee River at Midland, MI

Lansat-8 satellite imagery from May 20, 2020, (Lucey, 2020) and 
simulated (blue) and observed (black solid line, DFO, 2020) 
extents from the same day

Edenville comparison study
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