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1. Section 1 ONE Introduction 

In the Mississippi Coastal Flood Hazard Project the Advanced Circulation Model for Oceanic, 
Coastal, and Estuarine Waters (ADCIRC) was used extensively.  This report explains the 
development of the unstructured mesh grid that was specially created by the URS project team 
for the three coastal counties of Mississippi.  The report covers the development process, from its 
starting points with a pre-existing ADCIRC grid and newly processed lidar (light detection and 
ranging) data, through the development of auxiliary features including various coefficients that 
were based on land-use coverage.  

The following information is provided in this report: 

• Model characteristics used  

• Specific grid system and sub-grid systems employed 

• Grid used for bottom topography (bathymetry) and the shoreline  

• Special treatment for small-scale features, such as harbors and barrier islands  

• Locations and conditions applied to the grid for the open boundaries 

• Method used to determine cell-averaged ground elevations and water depths 

• Method used to account for wind drag and blockage coefficients 

• Manning-n values for bottom and overland friction 

• Treatment of barriers, inlets, and rivers 

This data submittal corresponds to Deliverable 6 in the Technical Work Plan, described as a 
“description of data resources for ADCIRC grid development.”  This description of the ADCIRC 
grid development also includes a digital input file of the grid components and a digital display of 
the ADCIRC basins (E-size maps).   

This report is part of the overall series of project reports listed in Appendix A.  Some of the 
supporting data and background information for the grid development work is described in other 
project reports titled: 1) Geospatial Technology Task Report, 2) Field Investigation of the 
Continuous Seawall, South Side of US Highway 90 in Mississippi, 3) Summary of Work 
Performed by Ayres Associates in Support of the URS Storm Surge Modeling for FEMA Region 
4, and 4) Coastal Documentation Report – Technical Overview. 
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2. Section 2 TWO Grid Development 

The ADCIRC model uses the finite element computational method to solve the shallow water 
equations.  The finite element method permits the use of a triangular grid, which has several 
advantages over a traditional quadrilateral grid.  Namely, it offers more flexibility in designing 
grid elements so account for topographic features.  This also allows for a significant difference in 
element sizes, so that resolution can be placed in the necessary areas.  While these triangular 
grids have many advantages, the time required to set them up can be extensive.  This section of 
the report documents the development of the triangulated grid used for the Mississippi coastal 
modeling studies. 

2.1 BASE GRID 
The development of the triangular grid for this project began with a pre-existing grid (TF01_V6) 
provided to URS by Dr. Joannes Westerink of the University of Notre Dame.  This base grid 
covers the entire Western North Atlantic Ocean from the 60-degree west meridian eastward, and 
includes the Atlantic Ocean, the Caribbean Sea, and the Gulf of Mexico.  TF01 grid was 
developed during the IPET project (Re: Interagency Performance Evaluation Task Force, 2006) 
as a refinement of the earlier S08 grid.  However, this grid did not have adequate resolution in 
Hancock, Harrison, and Jackson Counties in Mississippi.  Figure 2.1 shows the ADCIRC 
TF01_V6 grid zoomed in on Bay St. Louis, MS.  This figure reveals that a substantial 
modification to the existing grid is necessary to better represent the important small-scale 
features (e.g., barriers and floodways) that control storm surge propagation in coastal 
Mississippi.  
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2.2 MISSISSIPPI GRID DESIGN 

2.2.1 Geospatial Data 
The Geospatial Technology Task Report provided detailed information about the data collected 
for this project, including processing of lidar data to a digital elevation model (DEM), survey 
control data, aerial photography, and field surveys.  That report included the extent of 
topographic and bathymetric mapping, key mapping parameters (e.g., contour intervals and 
accuracy standards), horizontal and vertical datum, and other pertinent information describing 
the extent and quality of survey information to be used in the study.  The geospatial task had 
several components that fed into the grid development work.  This includes processing of 
detailed topographic data, offshore bathymetric data, inshore and river bathymetric data, and 
nearshore/beach elevation data.   

A primary source of project elevation data came from existing lidar studies. Hancock and 
Jackson Counties were flown in their entirety by EarthData International, Inc. (EarthData) for the 
National Oceanic and Atmospheric Administration’s (NOAA) Coastal Services Center in early 
2005. Harrison County was flown in its entirety by EarthData for the Mississippi Department of 
Environmental Quality in early 2004.  These datasets have been checked by the contracting 
agencies and by the FEMA Cooperating Technical Partner (CTP) contractor for accuracy using 
ground checkpoints and for data cleanliness by visual inspection.  These lidar datasets represent 
the best-available, pre-Katrina topographic information. 

The Joint Airborne Lidar Bathymetry Technical Center of Expertise (JABLTCX) flew the 
Scanning Hydrographic Operational Lidar Survey (SHOALS) system along the Mississippi 
shoreline and barrier islands.  Due to the turbidity of the water, no bathymetric lidar data were 
collected.  The topographic data on the mainland are redundant to the EarthData dataset 
described above, and are not used in this study; however, the SHOALS data are the only post-
Katrina topographic data for the barrier islands and were crucial for developing the storm surge 
model grid.  SHOALS data for the barrier islands were extracted from Woolpert’s post-Katrina 
dataset. During the quality control (QC) process, the post-Katrina elevations were compared to 
the seamless Mississippi lidar dataset and found to be acceptable.  Since rivers and streams are 
important for further propagation of storm surge, the riverine depths were collected from the 
existing study reports conducted during the production of Flood Insurance Rate Maps (FIRMs). 
The detailed methodology is explained in Section 2.2.3.  

A list of the Geospatial Data received by the modeling group follows: 
 
1. Lidar → xyz text file (in decimal degrees, with positive z values representing elevations). 

2. Elevated Linear Features (ELF) Shape → Environmental Systems Research Institute (ESRI) 
PolyLineZ (ESRI polyline shape file containing elevations as Z values embedded within the 
Shapefile.  

3. ELF Text → xyz text file representing tops of elevated roads or other features (in decimal 
degrees, with positive z values representing elevations). 

4. Hydrographic Breaklines → ESRI Shapefile representing river and stream banks. 
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5. NOAA High Resolution Shoreline File → ESRI Shapefile representing 0 elevation contour 
along the Mississippi Coast. 

6. Northern Gulf Littoral Initiative Bathymetric Data Set → xyz text file (in decimal degrees, 
with positive z values representing depth). 

2.2.2 MS11G Grid Development 
One of the challenging tasks was to determine the boundary of the modeling domain (i.e., the 
extent of the ADCIRC grid).  Technically, the modeling domain must be extended beyond the 
inundation limits of the most severe storms.  To start with, the overland surge limits of Hurricane 
Katrina were used, and later the Mississippi grid was extended to +25.0 meters (North American 
Vertical Datum of 1988 [NAVD 88]) ground contour in Hancock and Harrison Counties.  The 
model grid for Jackson County was extended further north and into Georges County (at about the 
50.0-meter contour) to represent the low Pascagoula River drainage way.  Figure 2.2 shows the 
outline of the ADCIRC model grid laid on top of the hurricane Katrina surge limits.  Since 
rivers, streams, roads, and barriers play key roles in accurate modeling of storm surge 
inundation, these features must be represented as accurately as possible in the ADCIRC model 
grid.  The following sections describe in detail how the Mississippi grid extension incorporates 
these features into the final grid product.    

 2.2.2.1 Details of Design Using SMS 

The U.S. Army Corps of Engineers (USACE) Surface Water Modeling System (SMS) software 
tool was used for the expansion of the base grid over Mississippi. SMS was developed by the 
Environmental Modeling Research Laboratory (EMRL) at Brigham Young University in 
cooperation with the USACE, Engineer Research and Development Center (ERDC), and is 
recognized as a comprehensive hydrodynamic modeling and support system.  

After the extent of the Mississippi grid was determined, a grid development team divided the 
coastal Mississippi grid into sections to account for the various hydrodynamic features 
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previously mentioned.  These sections created various minigrids, which were later combined into 
the large final grid.  A team of 10 people worked closely together to produce the grid.  Each had 
access to SMS.  Considerable emphasis was placed on uniform use of the grid-marking software 
so that each team member produced the same representations of topographic features. 

2.2.2.2 Data Manipulation of Hydrographic Breakline  

Stream data received from Earth Data required an extensive amount of analysis and manipulation 
before incorporation into the ADCIRC grid though the SMS software.  The channel breaklines 
shapefiles were imported into SMS by the modelers and converted to feature objects using the 
Shapefile → Feature Objects tool in SMS. Table 2-1 shows the criteria used for simplifying 
stream networks. Using aerial photography and these criteria, the modelers selected the 
appropriate streams to be included in the final grid (see Figure 2.3).   

 
2.2.2.3 Adding Gridded Features 

The SMS software allows the user to set the grid-node spacing by setting external and internal 
boundaries that delineate.  Also, user-placed boundaries determines which features will and will 
not be included in the final grid.  For the initial gridding process, each team member worked on a 
sub-section to create a minigrid.  The spacing at the exterior boundary in Mississippi and at the 
boundary between minigrids (“internal” boundaries) was set from the beginning.  The resolution 
at the interior boundaries between grids was changed based on coordination with the team 
member working on the adjacent minigrid section.  

Figure 2-3.  Example of edited hydrographic breaklines. The image on the left shows the 
complete data set as imported into SMS. The image on the right shows the edits made by the 
modelers. 
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The first step was to import the bathymetric/topographic data and visualize the scatter dataset in 
SMS. Most of the feature arcs representing major roads and streams were supplied by EarthData. 
Next, the orthometric photographs were imported into SMS so that important features such as 
lakes, bays, inlets, harbors, shipping channels, streams, etc., could be viewed.  Feature arcs (a 
line in SMS) were created along these water features by digitizing the photographs. The vertices 
along these feature arcs were redistributed to either create equal spacing along that line, or to 
allow for a transition from an area of dense spacing around curves to wide spacing along long, 
straight lines.  Table 2.1 lists the vertices spacing for several features.  This table also lists the 
smallest physical features that were represented in the grid.  For example, the table shows that 
streams that were less than 240 meters wide and less than 500 meters long, and not connected to 
a major water body, were not delineated by feature arcs. In other words, in the Mississippi 
ADCIRC grid, these features were simply represented as topographic depressions, not as 
channels.   

Table 2-1.  Typical vertices spacing for various grid feature types. 

Feature Type Vertices 
Spacing Factors for feature elimination 

Small Streams (< 240 meters 
wide) 80 meters <500 meters long 

Big Streams (> 240 meters wide) 80 meters <500 meters long 

Shoreline 200-500 
meters - 

Islands 500 meters <500 meters 

 
After all the feature arcs (i.e., the spacing guides) were set, SMS was used to create a grid based 
on the spacing controlled by the feature arcs.  During the creation of the grid, the scatter 
bathymetric/topographic data were interpolated to this grid using the internal linear interpolation 
function.  

The grid generation process creates a text file (fort.14 file) that was then run through a Visual 
Basic program to check: 1) that the aspect ratio of all of the grid cells was less than 1.3 (meaning 
that the interior angles ranged from 40 to 80 degrees), 2) that the minimum element size was at 
least 60 meters, and 3) that the maximum element size was no more than two kilometers.  The 
SMS program helps the user check for areas where there was: 1) a sharp change in slope, 2) an 
element area change between grid elements, or 3) for nodes that had more than eight connecting 
elements.  Problem areas so identified were fixed by manually adjusting the nodes to create more 
equilateral elements or eliminating extra nodes.  A FORTRAN program was used to identify 
areas where the elevation data in the ADCIRC grid differed from the original lidar elevation data 
by more than 1.0 foot.  When a problem was identified, the area was manually adjusted within 
SMS, usually by adding an additional data point and then re-interpolating the data to the grid. 

As a quantity assurance procedure, each team member documented any major decisions made 
regarding streams and other features on working forms that are included in the appendices of this 
report. 
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2.2.2.4 Grid De-Refine 

The TFO1_V6 grid provided to URS by the University of Notre Dame (UND) contained a large 
number of ADCIRC nodes in Western Louisiana and Eastern Texas which were important for 
USACE studies, but not necessary to the Mississippi storm surge modeling.  The Mississippi grid 
de-refine objective was to significantly reduce the number of ADCIRC nodes in the densely 
spaced grid west of the Mississippi River, while maintaining fundamental the topographic and 
bathymetric representation of the region.  As shown in Figure 2-4, West of Mississippi River 
grid nodes were originally densely spaced, and the Mississippi River itself had a large number of 
ADCIRC nodes not necessary for the Mississippi project.  Ayres Associates Inc. was tasked to 
de-refine this section of the TFO1_V6 grid.  All levee and flow-controlling structures (levee 
height and gaps) were maintained in the De-Refined Grid, however node spacings were 
increased.  Figures 2-5 and 2-6 show a section of the Mississippi River in the TFO1_V6 grid and 
in the De-Refined Grid.  This De-Refined Grid was later patched with the Mississippi ADCIRC 
grid.   

 

 
Figure 2-4.  Grid De-Refinement Boundary (Red Polygon), Existing Node ~198000. 
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Figure 2-5.  De-Refined Grid (Total Node ~100,000). Almost 50  percent of the nodes were 
reduced. 

 

 
Figure 2-6.  Mississippi River in TFO1_V6 Grid, (b) in De-Refined Grid. 
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2.2.3 Adding Sub-Grid Features 
Sub-grid features are special provisions in the ADCIRC code that allow small or narrow land 
flow-controlling features to be represented even though they are too small to be resolved by 
shaping the triangular grid elements.  In ADCIRC these are positive features that form barriers 
such as embankments or walls.  There are no sub-grid elements for negative linear features such 
as streams or ditches. 

All the sub-grid features included in the initial grids were considered internal overflow 
boundaries, and were treated as weirs (as specified by ADCIRC).  These features were typically 
embankments, roads more than 1.5 feet above grade, etc.  In this sense, the “back” side of the 
weir only gets wet if the oncoming flow exceeds its height, or the water flows around the 
obstruction to the other side. 

For the initial grid, most roads, railroads, and offshore barrier islands were included in the grid as 
internal overflow boundaries.  The process for defining the internal overflow boundaries was 
similar to the gridding process described above.  In SMS, the barriers were identified as feature 
arcs on either side of the road, railroad, etc.  The vertices along the feature arcs were 
redistributed based on the required element spacing.  With this process it was necessary to 
guarantee that there were equal numbers of nodes on each side of the barrier.  The elevations of 
these overflow boundaries were collected as 3D arcs by EarthData.  Later these data were 
processed through a FORTRAN routine to amend the grid text file (fort.14) to accurately 
represent the barrier heights. Figure 2.7 provides an example, with the internal overflow 
boundary (the I-10 Roadway in this case) marked in green.  Table 2.2 shows the section of the 
grid text file (fort.14) where this internal boundary information and the heights are defined. In 
this example, the road barrier (Boundary Type 24 in ADCIRC model) consists of seven node 
pairs with heights (above geoid) shown in the third column of the table. 

Table 2-2.  Section of the digital grid file showing barrier information 

Node No (Pair 1) Node No (Pair  2) Height of Barrier (m) Weir Coeff1 Weir Coeff1
880492 610483 4.585 1 1
880491 610484 4.661 1 1
880490 612055 4.62 1 1
880489 613641 4.785 1 1
880488 615223 4.573 1 1
880487 616787 4.615 1 1
880486 618327 4.606 1 1  

All Mississippi barrier islands (e.g., Deer Island, Cat Island) were gridded as topographic 
features that could be overtopped.  
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2.2.3.1 Modeling Streams 

Streams that were long enough to incorporate into the model were divided into two categories: 
small streams (<240 meters wide) and big streams (>240 meters wide).  The numerical stability 
limitation of the ADCIRC model requires at least three nodes across a stream or channel feature.  
The nominal minimal grid spacing is 80 meters.  The small streams were modeled by creating a 
feature arc down the center of the streamline.  This usually resulted in a v-notch stream shape 
with one bathymetric node in the center of the stream and two topographic nodes on either side 
representing banks.  For the big streams, feature arcs were placed on either side of the stream 
which, when gridded by SMS, created a trapezoidal stream cross-section.  

The small streams with the v-notch led to instability problems with the ADCIRC model.  This 
model often needs at least two elements across a feature to create a stable flow pathway.  To 
overcome this stability problem, the narrow streams were artificially widened and made 
shallower to allow for a more stable flow pathway in the model.  A FORTRAN program was 
used to make this adjustment in the channel while maintaining equivalent hydraulic conveyance 
(hydraulic radius).  These amendments were documented in relevant working forms that are 
included in the appendices to this report.  As an example, Wolf River at Biloxi (Figure 2.8a), 

Figure 2-7.  Example of an internal overflow boundary in the Mississippi ADCIRC grid. 



SECTIONTWO Grid Development 

 \12-NOV-07\\  2-10 

south of the I-10 roadway is approximately 92 meters wide and its bank-full depth is 
approximately 3 meters.  Considering rectangular channel shape, the wetted cross-sectional area 
can be approximated to 276 square meters.   

 

In the Mississippi (MS) ADCIRC grid, Wolf River was artificially widened to 270 meters in 
order to accommodate three elements across (Figure 2.8b).  However, to keep the cross-sectional 
area identical, the depth of the river was reduced to 1 meter.  To enhance ADCIRC model 
stability, most of the narrow valleys were treated similarly, and these decisions were documented 
in the working forms.    

 

Figure 2-8a.  Aerial photograph, Wolf River, Biloxi. 
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2.2.3.2 Modeling Structures 

Identification of water conveyance structures that intersect with elevated roads was important, as 
they function as preferential flow paths during storm surge inundation.  The types of structures 
identified included bridges, culverts, elevated roads, and overpasses.  The Mississippi 
Department of Transportation (MDOT) was contacted with a request for information in a digital 
format.  The availability of these data was limited. URS obtained information on some larger 
facilities from the MDOT Division of Bridges, but no smaller structures.  As these data were 
incomplete, and time constraints did not allow for an onsite review of electronic records, a 
decision was made to conduct a field survey to complete the structure database. 

Two URS employees were designated to drive Mississippi roads identified from the lidar dataset. 
They were instructed to identify the following types of structures: 

• Road overpasses at intersections 

• Stream and drainage crossings with culverts or other structures 

• Roads that are elevated above grade with pilings—allowing free flow across the road 

• Other features that may influence across-land flow during storm surge—railroad 
embankments, etc. 

Figure 2-8b.  ADCIRC Grid representation of Wolf River, Biloxi. 
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In addition to verifying the structure type, the proper dimensions and location of the feature are 
key inputs into the ADCIRC model.  The survey team recorded the following attributes of 
identified features on field data sheets: 

• A Global Positioning System (GPS) latitude/longitude 

• Length of the structure 

• Height of the structure opening 

• Distance from the road crest to the top of the structure 

• Distance from the top of the structure to the bottom of the invert (when possible) 

• Type of structure 

• Photograph of the structure 

• Feature intersected by the structure (creek, road, etc.) 

• Any additional notes that might be helpful 

Details of the field survey report are explained in the project report title Geospatial Technology 
Task Report.  Data from the field sheets were entered into a spreadsheet with assigned elevation 
values and their dimensions.  The elevation of the bottom of the invert for each structure was 
calculated using the following equation: 

Bottom Elevation = (crest of road elevation) – (distance from the road crest to the top of 
structure) – (height of the structure as shown in Figure 2.9) 

The locations and dimensions of the structures were then exported to an xyz scatter file for 
application to the ADCIRC model. 

It must be recognized that in spite of the ability of a triangular stretched net grid to resolve some 
of the smaller topographic features, there are many others that are geometrically distorted or 
simply left out.  For example, small and low islands can be distorted to the point of vanishing 
where grid points span over them. Small tidal flow-ways can be left out and adjacent land areas 
lowered to maintain the essence of the flow-way. 

2.2.3.3 River Depths 

The depths of rivers and streams were needed as input into the ADCIRC model.  Two methods 
were used to find the depths. 

1. During the production of previous FIRMs, selected rivers and streams were studied in detail.  
Surveyors use various methods to determine depths in pre-defined locations, after which 
hydrologists will “connect-the-dots” of these depths to create a river profile.  The results of 
these studies are presented in the Flood Insurance Study (FIS) text. These depths were 
extracted from the flood profiles and entered as features into an ESRI ArcGIS database.  The 
extracted depths were positioned using aerial photography, vector road files, and rectified 
digital topographic maps, and cross-referencing the labels present on the flood profiles to 
determine the location where the studied streams crossed prominent features. In addition, 
significant changes in the bottom slope were extracted and entered into the database. 



SECTIONTWO Grid Development 

 \12-NOV-07\\  2-13 

2. For rivers and streams that were not surveyed in earlier projects, Strahler’s stream order 
system was implemented to determine the depths (see Figure 2.10).  This stream order 
system uses a simple method of classifying stream segments based on the number of 
tributaries upstream. For example, a stream with no tributaries is considered a first-order 
stream.  A segment downstream of the confluence of two first-order streams is a second-
order stream.  Once the stream order was determined for all the rivers and streams in the 
study area, and using the depths extracted from the FIS profiles as a guide, nominal depths 
were applied to the entire stream length, as listed in Table 2.3. 

 

Table 2-3.  Stream Order and Assisted Depths 

Figure 2-9.  A drainage structure. 
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2.3 UNIVERSITY OF NOTRE DAME COORDINATION AND SUPPORT 
After completion of the grid, both tides-only and storm-surge runs were tested on this initial 
Mississippi grid.  The grid experienced stability problems in several areas.  Small tests were 
done to change the element and node configuration and smooth the bathymetric/topographic data 
transitions. Still, problems remained.  The URS grid was provided to the research group led by 
Dr. Joannes Westerink at UND. This group combined the details in the Mississippi area into the 
grid they were using for similar work with USACE in Louisiana.  They then made changes in the 
Mississippi grid by eliminating unimportant road networks that were near grade (less than 1.5 
feet) and changing these areas to gridded elements. The resolution along the barrier islands was 
increased to a nearly constant 100-meter element network.  The resulting grid contained over 
2.13 million nodes.  This also included a highly resolved section of southwestern Louisiana and 
Texas which was deleted by Ayres Associates and the URS modeling team as explained in 
Section 2.2.3.4. The resulting grid (See Figure 2.11) was now reduced to 900,450 nodes, still a 
large number, but more manageable than the previous 2.13 million.  After extensive tests with 
both tides-only ADCIRC model runs and storm surge runs with tides, winds, and radiation stress 
forcing, no instabilities occurred, and this grid version (MS11g) was used for the rest of the 
study. 

 

 

 

Figure 2-10.  Example of Strahler’s Stream Order System in Hancock County. 
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2.4 PARAMETERIZATION 
The ADCIRC grid is also used to define frictional characteristics of the land and water. Standard 
hydraulic and meteorlogic parameters that describe frictional resistance to water and wind must 
be defined on the same spatial scale as the grid nodes to model hurricane storm surge. The 
following sections summarize how frictional characteristics are defined in the MS ADCIRC grid. 
The technique is very robust, and details of the formulation and methodology are presented in a 
separate project report titled Summary of Work Performed by Ayres Associates in Support of the 
URS Storm Surge Modeling for FEMA. 

2.4.1 Manning’s-n 
Manning’s-n is an isotropic scalar parameterization used to approximate resistance to flow from 
a variety of physical mechanisms, including form drag and skin friction.  For the depth-averaged 
ADCIRC model, the Manning-n value should correlate to the roughness of the land use type at 
the spatial scale of the computed flow.  There is a substantial body of literature with accepted 
ranges of Manning-n values for many classes of land use.  The final values used for this study to 
characterize the bottom friction in Mississippi are shown in Table 2-4.  These representative 

Figure 2-11.  Image of the entire node and element configuration for the final 
URS grid.  The patch area (shown in Figure 2-11) is shown with a red boundary 
line in this figure. 
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Manning-n values are all within the expected range of values for their land use categories 
according to standard hydraulic texts. 

The source of the land use data was the National Land Cover Dataset (NLCD).  These land uses 
were converted to a corresponding value of the Manning’s-n parameter for every land grid point 
of the ADCIRC grid.  

Table 2-4.  Manning’s-n Assignment 
CLASS Man-n Description

1 0.06 agriculture
2 0.025 fresh Water
3 0.045 aquaculture
4 0.025 estuarine Water
6 0.035 farmed wetlands
7 0.05 estuarine emergent
8 0.06 estuarine woody
9 0.055 palustrine emergent

10 0.14 bottomland hardwood
11 0.06 riverine swamp
12 0.16 pine savannah
13 0.07 fresh water (shrub/scrub)
14 0.03 palustrine non-vegetated
15 0.032 transportation
16 0.15 high density urban
24 0.025 urban fresh water
25 0.04 wet soil
26 0.18 urban pine
27 0.16 urban hardwood
28 0.07 urban low herbaceous
29 0.035 urban grassy pasture
30 0.12 bare urban I
31 0.12 bare urban II
32 0.036 clear cuts
50 0.16 low density pine
51 0.18 medium density pine
52 0.2 high density pine
53 0.15 medium density hardwood
54 0.17 high density hardwood
55 0.16 mixed forest
56 0.052 recent harvest
57 0.18 cypress/tupelo
60 0.06 agriculture
61 0.042 grassy pasture
62 0.047 low herbaceous vegetation
63 0.08 evergreen shrub
71 0.045 wetland
80 0.03 bare
81 0.03 sand bar/beach  
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2.4.2 Surface Directional Wind Effective Roughness Length 
The wind boundary layer depends on the roughness conditions upwind of the location.  This 
upwind effect is particularly important in the nearshore region, where winds are traveling either 
offshore or onshore and transitioning to or from open marine conditions. Accurate winds are 
critical in these near-shore and low-lying overland regions that experience either drawdown or 
flooding.  The wind stress term in the shallow water equations is inversely proportional to total 
water column height, and thus the sensitivity to the wind forcing is great.  To account for 
directionality in the upwind parameters, the compass is divided into 12 equal, 30-degree slices, 
and the roughness length value is computed for each of the 12 upwind directions around an 
ADCIRC node.  Land use data average over a 10-kilometer length upwind at each of the grid 
nodes in each of the 12 directions was used to specify the coefficient.  

2.4.3 Surface Canopy Coefficient 
Roughness length scales, as described earlier, are correlated to the height of roughness elements 
and indicate the amount of shielding from the wind to the water column that will be provided.  
There are large-scale features, such as heavy forest canopies, that shelter the water surface from 
the wind stress by transferring little or no momentum flux to the water column.  Therefore, in 
heavily canopied regions where U.S. Geological Survey (USGS) land use maps define a 
roughness length greater than 0.39 (except for urban areas), no wind stress is applied at the water 
surface. 

2.4.4 Sea Surface Height above the Geoid 
The sea surface height above the geoid was used to simulate a steric effect where water levels in 
sea are higher in warm seasons due to thermal expansion.  The ADCIRC model creates an initial 
offset of the sea surface from the geoid.  A steric offset of 0.3658 meters has been widely used in 
many studies to account for the expansion of warmer Gulf of Mexico waters in September 
(Westerink et. al 2006)  This offset was used as a starting sea level for the calibration and 
production runs. 

2.4.5 Numerical Parameter ( 0τ ) 

In ADCIRC, the 0τ  parameter controls the dispersion properties of the solution, and its optimal 
selection avoids a folded dispersion curve and optimizes phase propagation properties. Extensive 
numerical experimentation and comparisons to the functionally equivalent Finite Element 
solution provide guidance in the specification of the 0τ  parameter. 
 
The friction term increases as depth decreases and a higher 0τ  is required in shallow, nearshore 
regions (generally less than 30 feet deep); a smaller value is more appropriate in deep basins.  
 

0τ  = 0.005 in quiescent waters deeper than 30 feet outside of Southern Louisiana and Mississippi 

0τ  = 0.02 in waters shallower than 30 feet outside of Southern Louisiana and Mississippi 
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0τ  = 0.03 in waters shallower than 30 feet or in rivers and inlets where higher velocities lead to 
higher frictional resistance within Southern Louisiana and Mississippi.    

Operationally, we have accommodated spatially variable 0τ  with the following criteria described 
in the project report Summary of Work Performed by Ayres Associates in Support of the URS 
Storm Surge Modeling for FEMA. 
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3. Section 3 THREE Final Adcirc Grid Development 

A graphical depiction of the model cells and grid system covering the region-wide study area is 
attached, and includes annotations of barrier islands, road networks, streams/rivers, and 
land/water boundaries for the grid system.  The grid topography and bathymetry are color coded 
to define grid elevations.  The specific information for each grid cell is included in the digital fort 
input files for ADCIRC.  Figure 3-1 shows the MS11g ADCIRC grid in Mississippi covering 
three coastal counties, whereas Figures 3-2, 3-3, and 3-5, are the sections of the grid in Bay St. 
Louis, Biloxi Bay, and Pascagoula Bay, respectively.  
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Figure 3-1.  MS11g ADCIRC Grid  
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Figure 3-2.  Display of MS11g ADCIRC Grid (Bay St. Louis). 
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Figure 3-3.  Display of MS11g ADCIRC Grid (Biloxi Bay). 
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Figure 3-4.  Display of MS11g ADCIRC Grid (Pascagoula Bay). 
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4. Section 4 FOUR Quality Assurance/Quality Control 

The ADCIRC Grid Development work included an extensive Quality Assurance/Quality Control 
(QA/QC) process.  The QA/QC process involved checking each grid section against bathymetric 
and topographic datasets for accuracy, and then assessing whether the features represented in 
each grid section met established criteria. Issues identified during the QA/QC process were 
documented on a QA/QC form, developed specifically for this work, and submitted to the grid 
developer for resolution.  The grid was then rechecked to confirm that the issue had been 
resolved. A sample QA/QC form is shown in Figure 4.1.  In this example, a reviewer identified 
irregular channel bathymetry in a section of the grid and passed his written comments to the 
respective member of the grid development team.  The grid developer then revisited the portion 
of the grid of concern.  Both the reviewer and the grid developer signed the QA/QC form to 
document the issue and its resolution.  This procedure was maintained throughout the grid 
development phase. Prior to hydraulic modeling, several issues as highlighted in the attached 
QA/QC forms were resolved, and there were no systematic trends of anomalies.  Copies of all 
QA/QC forms are attached in Appendix A, and working documents are attached in Appendix B. 

   

 
Figure 4-1.  Example QA/QC form. 

 

The gridding process introduces distortions to the topography related to the size of each grid cell. 
With ADCIRC, it was necessary to introduce additional adjustments to the shape of flow-ways, 
channels, and streams to avoid numerical instabilities.  For this reason, small topographic 
features required distortions of their elevations.  As explained earlier, small streams were 
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widened with the specified criteria (Re: Section 2.2.3.1). Along the shoreline, these adjustments 
distorted the detailed geography.  Some low areas with numerous tidal channels or dug canals 
could not be resolved and were treated by combining the overall effect of the waterway and the 
adjacent low land. These arrangements significantly enhanced the stability of the hydrodynamic 
model.  Figures 4.2a and 4.2b show the effect of such widening in a small subdivision in 
Hancock County, where the actual land elevation was reduced due to widening of three small 
creeks. The average land elevation in that subdivision was 1.0-2.0 meters above sea level. 
However, in the process of widening the channels, land elevation in that section was altered to 
0.0.0-0.3 meters below sea level. Other geographic distortions near the shoreline resulted from 
the spanning of small features by the grid nodes. These were checked to ensure that the 
fundamental hydraulic processes were not significantly distorted. It was considered acceptable 
for the grid to fail to delineate these small features. 

 

 

Figure 4-2a.  Aerial Photograph indicating the location of the subdivision and channel network in 
Hancock County. 

Approx Area Inside the Polygon = 1 
km X 0.5 km
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 Figure 4-2b.  ADCIRC bathymetry with lidar data in the same area. 

 

As part of our QA/QC procedures, it was discovered that the 187-acre Singing River Island in 
the Mississippi Sound south of Pascagoula (Figure 4.3) did not match the best available 
topographic data.  This island has a maximum elevation of +3 meters, but it was originally 
specified in our model grid as a low sand shoal at a 0-meter elevation.  This discovery was made 
in the production phase as the modeling neared completion.  An investigation was conducted to 
determine whether the flood hazard analysis needed adjustment.  Nineteen of the synthetic storm 
events affect the island.  Figure 4.4 shows the trackline of these storms.  The original grid was 
modified to reflect the island’s actual elevation.  Nineteen storms were simulated over both the 
original and modified grids. Analysis of the results shows that the difference in surge height on 
the Singing River Island, due to its modified land elevation, does not exceed 10 centimeters 
(Figure 4.5).  

 

 

 

 

 

 

 

 

Widened Channels 
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Figure 4-3.  Singing River Island in the Pascagoula Bay Area. 

 

 

 
Figure 4-4.  Storm tracklines potentially affecting Singing River Island. 

 

 

To Run
6F
17E
17G
18G
15D
7D
10E
10G
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Figure 4-5.  Storm surge difference in maximum water surface elevation (feet) around Singing 

River Island. 
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