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As FEMA pushes forward with Risk MAP, it’s important to begin defining the meaning 
of a HAZUS level 1 or level 2 flood risk assessment, and how to accurately and 
effectively conduct such analyses.  First, a HAZUS level 1 analysis is created using 
default nationwide inventories, automated hydrology and hydraulics, and typically a 1 arc 
second (30 meter) digital elevation model to create the flood hazard.  This level 1 
approach is beneficial for certain applications such as comparing relative risk by 
jurisdiction.  In this paper we show that it is critical to update both the inventory 
information and flood hazard data for a HAZUS analysis to be considered level 2.  In 
fact, if the default inventory data are used with a more detailed custom flood inundation 
area the losses can still be greatly overestimated.  These overestimates appear to be a 
result of the HAZUS area weighting approach used to estimate losses at the census block 
level.  The area weighting approach assumes a uniform areal distribution of building 
stock within a census block, which can be especially conservative in blocks that are 
within or near floodplains.  A HAZUS flood level 3 analyses incorporates the expert 
modification of engineering analysis parameters (depth damage functions, shelter 
parameters, etc.).  This paper will define the methods used in FEMA Region VIII for 
conducting a detailed level 2 study for the Fargo region and compare the results to level 1 
approaches.  This approach helps quantify the differences between the level 1 census 
block losses based on the area weighting approach and losses based on site specific 
inventory derived from assessor’s parcel data.  

During the historic Red River flooding of 2009 and 2010 in the Fargo region it became a 
priority to develop a site specific user defined structure dataset for use in a HAZUS-MH 
level II analysis to accurately assess the impacts to Fargo from various flooding event 
scenarios.  With this site specific dataset, we are able to analyze flood losses to structures 
in the Fargo area by applying depth damage functions against the built environment on a 
structure by structure basis, thus estimating damage percentages, and dollar losses 
sustained at each building using very accurate depth information.  In addition, these site-
specific loss calculations were very similar to losses associated with the actual events.  
The HAZUS level I census block-based area weighting approach severely overestimated 
the event losses; therefore, this paper outlines the benefits of combining the level II site-
specific data improvements, especially where warranted by improved level II hazard 
information.   

For our analysis, we enhanced the HAZUS flood model in two ways:



1) Incorporation of user generated depth grids as opposed to automated H&H
2) Performing a site specific building loss analysis as opposed to the census block-

based area weighting approach

Incorporation of user generated depth grids 
 
As Risk MAP develops, one deliverable to a newly mapped community is going to be a 
flooding “depth grid”.  A depth grid is essentially GIS format data that depicts the extent 
of flooding, and the depth of the water at a given point.  The depth grid is made up of 
pixels, and each pixel contains a value for the depth of water at that point.  The higher the 
accuracy of the terrain data, the smaller each of the pixels will be, thus making the grid
more accurate (example fig 1).

Fig. 1

 
Depth grids can come from many sources; they can be generated by HEC-GeoRAS, 
automated using HAZUS H&H, created manually using field data and GIS methods, and 
many other flood modeling methods.  Listed below are a couple of examples.

User Created Using Real Time NWS Forecasts – Fargo Example
In a Level 1 HAZUS flood analysis, the flooding extents and depths are derived utilizing 
an automated H&H approach.  This approach uses a multiple return period flood 
frequency table, regression equations, and USGS NED terrain data.  When more accurate 
flood depth grids are available (better H&H, better terrain data, more engineering input 
vs. automation) they can be input directly into HAZUS as the flooding depth grid, thus 
skipping all of the automated H&H processes to define the flooded area.

For our analysis of Fargo, ND we used depth grids based on LiDAR and a sophisticated 
flood model that is updated in real-time based on National Weather Service forecasts 
through the Red River Basin Decisions Support Tool www.rrbdin.org developed by 
Houston Engineering in Fargo, ND.  The depth grids account for an extensive network of 



temporary flood control measures.  The modeled depth grids were then clipped by post 
event imagery flood extent digitization of the 2009 flood, which was the larger of the two 
events.  

To show the losses avoided through fighting the 2009 and 2010 flood, an analysis was 
conducted with depth grids for both events modeled with and without temporary flood 
control measures in place.  The 2009 and 2010 Red River flood fights totaled $80M in 
Federal, State and local efforts coordinated under Presidential Disaster Declarations. 
Once the detailed level II depth grids were developed, the flooding mirrored the actual 
events partially inundating most of the streets and front yards of the Fargo census blocks, 
not impacting most of the structures.  It was clear that the census blocked-based area 
weighting approach was overestimating these losses and a level II inventory needed to be 
developed.

User Created Depth Grid Using DFIRM Data (100 yr. flood)
When future Risk MAP projects are completed, flooding depth grids will be provided 
upon delivery of the new DFIRM data.  Until new Risk MAP depth grids are provided, 
numerous communities are still going to be relying on existing DFIRM data to define 
their area of flood risk.  If detailed terrain data is available for a community with an 
effective DFIRM (contour data, LiDAR, etc.), then depth grids for a HAZUS level 2 
analysis can be created from this DFIRM.  

1) The following data sets are required: 
a. High resolution terrain data 
b. Base Flood Elevation shapefile – in the DFIRM this is called s_bfe.shp
c. Special Flood Hazard Area shapefile – in the DFIRM this is called 

s_fld_haz_ar.shp
2) Ensure that the terrain data source and the BFE elevation values are both recorded 

in the same vertical datum.  There are two vertical datum’s commonly used in the 
US; NAVD88 and NGVG29.  If the two sources are recorded using differing 
vertical datums then one will need to be converted to the other datum, or an error 
in depths ranging from inches up to as much as 4 feet can take place.  For more on 
vertical datum’s refer to: http://www.ngs.noaa.gov/faq.shtml

3) Define the SFHA (Special Flood Hazard Area) – this area is defined in the 
DFIRM in the s_fld_haz_ar.shp file.  This is the SFHA files, depicting the flood 
zones for the area.  When first opened this file looks like this (fig 2):



Fig 2

The area that we’re concerned with is only the SFHA, so a new file for strictly the SFHA 
= T (true) should be created (fig 3).

Fig 3



4) Interpolate a flood surface.  The flood surface is created using the s_bfe.shp file.  
The attribute “ELEV” in this file is the elevation above sea level for the water at 
each cross section during a 100 year flood.  In order to create a depth grid, a raster 
(gis pixel data) dataset will need to be created, with a BFE at each exact pixel to 
accurately determine the flooding depth.  As seen below, there are large stretches 
of area in between each cross section where a BFE value will need to be 
interpolated.  These values will be interpolated between the BFE’s. (fig 4)

Fig 4

To interpolate in between, points are first created at the center and ends of the BFE’s, 
containing the attributes from that BFE, thus containing the BFE elevation value (fig 5).



Fig 5

After this an interpolated grid is created.  This means that at the exact location of the 
points, the BFE elevation value is populated into that pixel of the grid.  For every point in 
between the location of these points, the value placed into this grid will be interpolated 
using inverse distance weighting (Fig 6).



Fig 6

This represents the flood surface elevation during a 100yr flood, with each pixel being 
the BFE for the water at that point.

5) Subtract the terrain elevations from the flood surface elevations.  This is done in 
ArcGIS using raster calculator, and results in a file containing pixel values that 
are either positive or negative.  The positive values are the depth of water at that 
point.  The negative values are areas where the terrain data is higher than the 
flood surface above sea level, thus not flooded (fig 7).



Fig 7

6) Confine the flood grid to the SFHA.  In order to constrict the flooding area to the 
engineered DFIRM SFHA, and remove all negative or non flooded areas to the 
file, the flood depth file is then clipped using GIS to the SFHA from the DFIRM.  
This completed depth grid can be used to generate HAZUS level 2 flood losses 
(Fig 8).



Fig 8

Custom vs. Automated Level 1

Shown below in figure 9 is an example of the difference between the quality of a low 
resolution terrain derived level 1 HAZUS depth grid and a customized high resolution 
terrain derived depth grid.  This is a representation of the 100 yr. HAZUS vs. the 2010 
Red River crest height of 37 ft., which is one foot lower than the 100 yr. for this part of 
the Red River (fig 9). Notice the jagged flood boundary edges of the level 1 HAZUS 
depth grid, a result of lower resolution terrain data.



Fig 9

Site Specific Building Loss Analysis 
 
To more accurately estimate building losses, we chose to perform a site specific flood 
analysis on the buildings in Fargo as opposed to the census block approach performed by 
a level 1 HAZUS flood analysis.  The differences between the two approaches are 
outlined below.  In order to maintain an apples to apples comparison, the custom depth 
grid was used as the flood hazard input for both the site-specific and the census block loss 
estimations.

In a HAZUS level 1 flood analysis, HAZUS uses an area weighting scheme to estimate 
the percentage of area in the census block flooded at each one-foot depth interval, and 
then applies these estimates to the entire building exposure in that census block (fig 10).  
However, especially in cases of low relief, the flooding frequently does not inundate the 
actual structures (fig 11).  



Fig. 10

Figure 10:  Display shows one census block in Fargo.  HAZUS uses an area weighting 
approach to calculate the percentage of flooded area at each one-foot depth interval.  The 
total losses sustained for this census block using the area-weighting approach is 
$3,325,000.



Fig 11

Figure 11:  Illustrates the site specific analysis approach.   The buildings in yellow are 
inundated by the depth grid; the buildings in orange are not.  Only 8 structures would 
have actually been inundated due to the site specific analysis, with losses totaling 
$442,437, as opposed to $3.3M in losses based on the area weighted census block 
approach.  The initial building valuations for this block based on the assessor’s data are 
$82,636,800 and $41,980,000 based on HAZUS the building valuations, therefore, the 
overestimation based on the area weighting approach is more than an order of magnitude.  

Through the HAZUS flood model’s user defined structure inventory option users can 
import site specific building data to be run on a structure by structure basis.  Through this 
method, a flooding depth in feet is calculated at each point (structure). This depth is used 
to estimate a percent damage and dollar value loss to each structure by applying a depth 
damage function specific to the buildings occupancy type, value, year built, and 
construction type.

The site specific dataset created for Fargo was created by converting parcel boundaries to 
points at the centroid of the parcel.  The location of the point was then moved manually 
on structure using NAIP 2009 aerial imagery that accurately depicted the exact location 
of the building.  In many neighborhoods, the streets and yards are at a slightly lower 
elevation than the house, therefore these on structure data points clearly show that the 
structure is “not inundated”.  This difference in the number of structures shown as 
inundated can lead to drastically smaller damages totals (fig 12).  



Figure 12:  Commonly streets are of lower elevations than houses themselves, and many 
times flooding will remain confined to streets or drainage areas only, while the houses
stay dry.

For the two different flood events, as well as scenarios based on the absence of flood 
fighting measures, the site specific analysis yielded much lower results that were very 
much in line with the losses associated with the actual 2009 and 2010 flood disasters.

Scenario 

Flood Related 
Building Damage 
(buildings only) - 

Census Block 
Analysis  

Flood Related 
Building Damage 
(buildings only) - 

Site Specific 
Analysis 

Level I Area 
Weighting 
Approach 

Overestimation 

2010 37 foot crest, closest 
to actual event $69,016,000 $968,919 $68,047,081
2010 37 foot crest, if flood 
protection measures had 
failed $81,561,000 $2,835,323 $78,725,677

2009 41 foot crest, closest 
to actual event $87,024,000 $1,894,676 $85,129,324
2009 41 foot crest, if flood 
protection measures had 
failed $374,937,000 $232,863,548 $142,073,452



Scenario 

Number of 
Structures 

Substantially 
Damaged- Census 

Block Analysis 

Number of 
Structures 

Substantially 
Damaged - Site 

Specific Analysis 

Level I Area 
Weighting 
Approach 

Overestimation 
2010 37 foot crest, closest 
to actual event 206 4 202
2010 37 foot crest, if flood 
protection measures had 
failed 229 5 224
2009 41 foot crest, closest 
to actual event 250 9 241
2009 41 foot crest, if flood 
protection measures had 
failed 466 45 421

The scenarios highlighted in yellow represent the real 2009 and 2010 flooding events.

The difference in building dollar exposure amounts between the HAZUS census block 
aggregated inventory and the Cass County assessor’s data are as follows:

User Defined Assessors Inventory - Dollar Exposure 
Total (bldg. values only, does not account for contents) $5,923,485,360 $5.9B

HAZUS Census Block Inventory - Dollar Exposure Total 
(bldg. values only, does not account for contents) $7,476,342,000 $7.47B

Figure 15: Building exposure comparison was done only for blocks that    
contained user defined facility assessors point locations to ensure proper 
comparison of building totals.

Throughout the comparison of these two different loss estimation methods, loss totals 
were compared from census blocks where assessors information was available only, to 
ensure an apples to apples comparison of loss totals. (example fig 13)



Figure 13: To ensure a proper comparison of loss estimates and exposure totals between 
the block/site specific approach only census blocks with assessor’s points were analyzed.  
All structures in the chosen blocks were accounted for in the site specific inventory; this 
was visually verified.

The high difference between the census block and site specific analyses is likely 
especially acute in these Fargo scenarios both because of the lack of relief resulting in 
widespread shallow flooding, and the fact that the temporary flood fighting measures 
helped to greatly reduce flood losses to structures.  Also notice the overestimation is 
more acute for the smaller 2010 flood event.



This project highlights:

1) The need to modify the area weighting methodology to address the fact that the 
assumption that building stock is evenly distributed in census blocks within or 
near floodplains is overly conservative.  This can be done with a dasymetric 
approach that assigns building distribution densities based on other GIS layers 
including Land Use Land Cover, TIGER street centerlines, Landscan or other 
base layers.

2) Losses based on detailed depth grids can still be erroneously high, unless the 
inventory is also improved.

3) For a HAZUS analysis to be considered Level 2 both the flood hazard data and 
structure inventory need to be updated.  If only the flood hazard data are updated 
the potential to overestimate losses can be several orders of magnitude.  

With the creation of the site specific user defined structure dataset in a HAZUS ready 
format, new flooding scenarios can be calculated as accurately as possible, and in a 
timely manner.


