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1. Debris Totals by Event and Type
HAZUS-MH is the U.S. Department of Homeland Security’s Federal Emergency Management Agency (FEMA’s) Hazards U.S. risk assessment software program used to analyze potential losses from different hazard scenarios. In HAZUS-MH, current scientific and engineering knowledge is coupled with the latest geographic information systems (GIS) technology to produce estimates of hazard-related damage before, or after, a disaster occurs. HAZUS-MH estimates disaster-generated debris through three models: earthquake tsunami, and flood. These models are periodically revised and updated through input from engineers, scientists, software developers, and hazards specialists to provide best available loss estimates base on input data.
Preliminary debris estimates were calculated using source data from various governmental agencies and geographical databases for eight jurisdictions within Alaska. Table 1 and Appendices A-H show the estimated debris totals by jurisdiction for earthquake, flood, and tsunami events. 
	Table 1. Estimated Debris Totals (Cubic Yards)

	
	Earthquake
	Flood (Combined)
	Tsunami

	Jurisdiction
	CW
	CD
	CW
	CD
	CW
	CD

	Anchorage
	364,637
	4,716,801
	2,214
	86,143
	14,893
	15,136

	Juneau
	71,371
	287,080
	31,120
	1,131,921
	1,222
	13,785

	Sitka
	69,898
	165,817
	13,331
	117,549
	990
	9,040

	Kenai
	46,244
	448,144
	27,817
	336,481
	471,057
	375,014

	Mat-Su
	35,457
	35,457
	41,176
	86,143
	14,893
	15,136

	Fairbanks
	139,580
	1,787,509
	84,422
	222,235
	N/A
	N/A

	Ketchikan
	5,511
	32,008
	25,228
	32,008
	*
	*

	Kodiak
	2,298
	203,874
	65,858
	146,786
	105,839
	371,429

	†  Estimate calculation based on an analogous jurisdiction; see Section 1.2.
* Input parameters were insufficient to produce valid model output; see Section 1.3.

	
CD = construction and demolition debris

CW = clean-wood debris


1.1 Earthquake Event

The earthquake event was modeled for each jurisdiction using a moment magnitude of 8.5 (HAZUS maximum value) and an epicenter located within 100 miles of each jurisdiction along an easily recognizable historical fault. Table 2 summarizes earthquake event inputs.

	Table 2. Earthquake Event Inputs

	Jurisdiction
	Attenuation Model
	Epicenter Lat
	Epicenter Long
	Moment Magnitude
	Fault Depth
(miles)
	Fault Width
(miles)

	Anchorage
	Youngs, et al.
	61.25
	-150.75
	8.5
	15.5
	6.2

	Juneau
	Youngs, et al.
	57.69
	-136.07
	8.5
	15.5
	6.2

	Sitka
	Youngs, et al.
	56.77
	-135.91
	8.5
	15.5
	6.2

	Kenai
	Youngs, et al.
	60.15
	-152.82
	8.5
	15.5
	6.2

	Mat-Su
	Youngs, et al.
	61.25
	-150.75
	8.5
	15.5
	6.2

	Fairbanks
	Youngs, et al.
	64.6
	-147.1
	8.5
	15.5
	6.2

	Ketchikan
	Youngs, et al.
	55.09
	-134.13
	8.5
	15.5
	6.2

	Kodiak
	Youngs, et al.
	58.29
	-125.5
	8.5
	15.5
	6.2

	Youngs, R.R., et al. 1997. Strong Ground Motion Attenuation Relationships for Subduction Zone Earthquakes. Seismological Research Letters 68(1).


1.2 Flood Event
A 500-year flood event was modeled for each identified jurisdiction for both riverine and coastal flood scenarios (where applicable).

Because of HAZUS data limitations, the riverine scenario was modeled using an average discharge value from the FEMA Flood Insurance Study (FIS) for each jurisdiction, or the HAZUS default value when no FIS was available. Initially, U.S. Geological Survey (USGS) National Elevation Dataset Digital Elevation Model (DEM) data were used to calculate stream reaches within a 10-mile area around each identified jurisdiction. However, it quickly became apparent that for the larger jurisdictions (e.g., Matanuska-Susitna Borough) the processing time required was extremely cumbersome (approximately nine days for each of three attempts) and yielded no useable results. After adjustment of the reach parameter to a maximum of 2.5 miles in populated areas, the results were determined to be more useable.
Coastal flood scenarios were run using input variables, including wave exposure, shoreline type, and still-water elevation (SWE), obtained from the National Oceanic and Atmospheric Administration (Alaska ShoreZone data) and FEMA FISs (Table 3). Where the SWE value exceeded the HAZUS maximum, the HAZUS maximum was used, and where these values were missing from the FIS, the HAZUS-calculated value was used.
	Table 3. Coastal Event Input Values (Feet)

	Jurisdiction
	Wave Exposure
	Shoreline Type
	100-year SWE
	Wave Setup
	10-year SWE
	50-year SWE
	500-year SWE

	Anchorage
	Sheltered
	Open wetlands
	15.3
	No
	13.7
	14.1
	18.1

	Juneau
	Sheltered
	Open wetlands
	30.0
	No
	15.0
	25.0
	35.0

	Sitka
	Minimal exposure
	Sandy beach, small dunes
	20.6
	No
	15.0
	20.3
	21.7

	Kenai
	Moderate exposure
	Sandy bluffs, little beach
	15.3
	No
	13.7
	14.1
	18.1

	Mat-Su
	Sheltered
	Open wetlands
	15.3
	No
	13.7
	 
	 

	Fairbanks
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Ketchikan
	Sheltered
	Sandy beach, small dunes
	30.0
	No
	15.0
	25.0
	35.0

	Kodiak
	Moderate exposure
	Sandy beach, small dunes
	29.0
	No
	15.0
	25.0
	29.6

	
	 = HAZUS maximum

	
	 = HAZUS calculated

	N/A = not available
SWE = still-water elevation


1.3 Tsunami Event

The tsunami event was modeled based on a 500-year return interval coastal flood event using SWEs from historical records of the 1964 Great Alaskan Earthquake at or near each applicable jurisdiction (Table 4).

	Table 4. Tsunami Still-Water Elevations

	Impact Location
	Latitude
	Longitude
	Height
(feet)

	Juneau
	58.30
	-134.42
	3.61

	Ketchikan
	55.33
	-131.63
	1.97

	Homer1, 2
	59.68
	-151.61
	19.69

	Halibut Cove2
	59.34
	-151.50
	23.62

	Seldovia2
	59.47
	-151.68
	3.94

	Kodiak3
	57.81
	-152.40
	20.01

	Narrow Cape3
	57.43
	-152.33
	62.34

	Women's Bay3
	57.73
	-152.52
	20.01

	Kaguyak3
	56.83
	-153.83
	30.18

	Old Harbor3
	57.22
	-153.37
	30.18

	Sitka
	57.08
	-135.33
	7.87

	1 Used for Municipality of Anchorage and Matanuska-Susitna Borough as a close approximation.
2 Average of values used for Kenai Peninsula Borough.
3 Average of values used for Kodiak Island Borough.
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2. Debris Estimates

The amount of construction and demolition debris was estimated using default data included with HAZUS, which include two general categories; (1) brick, wood, and others and (2) concrete and steel. Due to limitations in HAZUS, clean-wood debris estimates are only available in the hurricane model (which is only offered for the East Coast). To remedy this limitation, clean-wood debris were estimated using debris inventories developed according to the HAZUS hurricane model method, which uses vegetation data derived from re-classification of USGS Multi-Resolution Land Cover (MRLC) data and U.S. Forest Service Inventory and Analysis Database (FIADB) data. Using overlay spatial analysis techniques, Natural Resources Conservation Service (NRCS) State Soil Geographic Database (STATSGO) and USGS DEM data were processed to yield areas vulnerable to debris generation. These areas were then used in each event run to provide clean-wood debris estimates.
The Alaska statewide MRLC dataset is distributed by download as an Earth Resources Data Analysis System (ERDAS) Imagine raster dataset (.img), which is clipped to the “envelope” (i.e., the bounding extents) of each jurisdiction and then converted to ArcInfo raster GRID format. Using the HAZUS-based jurisdictional boundaries, each GRID was extracted to the more precise boundary of each jurisdiction and reclassified to isolate “woodland pixels,” which are a subset of the MRLC classification based on HAZUS parameters (Table 5).
	Table 5. MRLC Woodland Landcover Classes

	Type
	Grid Code
	Effective Area (%)

	Deciduous forest
	41
	100

	Coniferous (evergreen) forest
	42
	100

	Mixed forest
	43
	100

	Woody wetlands
	90
	100

	Developed, low intensity
	22
	20

	Developed, medium intensity1
	23
	15

	Developed, high intensity
	24
	10

	1 Not present in the HAZUS specification but estimated between high and low intensity.
MRLC = Multi-Resolution Land Cover


The woodland landcover class types were added to the extracted jurisdiction subset rasters to create woodland MRLC rasters by jurisdiction (Figure 1). 


[image: image1]
Figure 1. Woodland MRLC Raster
The woodland MRLC rasters then were converted to vector datasets and three attribute fields, (1) ACRES, (2) ADJ, and (3) ACRES_ADJ, were added to each jurisdiction vector landcover dataset. ACRES, the acreage of each vector polygon, was calculated using an internal ArcGIS utility; ADJ, a percentage of woodlands adjustment, was populated based on the effective area of each landcover type (see Table 5); and ACRES_ADJ was calculated by multiplying ACRES by ADJ (Figure 2).


[image: image2]
Figure 2. Woodland MRLC by Tract
The vector landcover for each jurisdiction was then combined using the union function with HAZUS-based census tracts for each jurisdiction to yield woodland MRLC by tract.
The FIADB is available via a U.S. Forest Service download and is composed of over 40 tables. The TREE and PLOT tables provide density, diameter, and height information per plot. These tables were accessed, joined, and geocoded based on the latitude and longitude values from the PLOT table. The TREE and PLOT tables were then intersected with each jurisdiction boundary, subseted, and exported to the project database (Figure 3). 
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Figure 3. FIADB by Jurisdiction
The NRCS SSURGO soils data were unavailable for all jurisdictional areas, so to generate a consistent erosion susceptibility factor raster overlay, statewide NRCS STATSGO soils data were used. An erodibility factor attribute, KFFACT, was used to reclassify rasterized (converted to raster) soil type areas into low (0.0–0.28), moderate (0.32–0.43), and high (0.49–0.64) classes (Figure 4).


[image: image4]
Figure 4. Soil Class by Jurisdiction

USGS DEM data were extracted from the USGS National Map Seamless Server for each jurisdiction and geoprocessed to generate percent slope rasters. The percent slope rasters were then reclassified into low (<1.5 percent), moderate (1.5-15 percent), and high (>15 percent) classes (Figure 5).
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Figure 5. Slope Class by Jurisdiction
The soil class and slope class datasets were combined in an additive raster overlay to yield the final erosion susceptibility raster. Cell values ranged from 2 to 6 (low to high) (Figure 6).
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Figure 6. Erosion Susceptibility

Riverine, coastal, and tsunami events were modeled in HAZUS to generate geospatial inundation boundaries, (i.e., the extent to which flood waters would inundate the surrounding land). Riverine and coastal flood events were merged to produce a combined flood event for each jurisdiction. From these inundation boundaries, the erosion susceptibility data were extracted to yield the susceptible areas inundated by each event. These datasets were converted to vector (polygon) format and attribute-intersected (identity function) with the woodland MRLC by tract for each jurisdiction to produce an inundated, erosion susceptible dataset by MRLC landcover type and census tract. The number of acres for each vector polygon was re-calculated based on dataset geometry and the ADJ was then re-applied. The erosion-susceptibility values were converted to a percentage (20–50 percent) and multiplied by the adjusted acres to calculate the acres impacted by each event.
The number of impacted acres for each event in each jurisdiction was summarized by census tract. The average trees per acre was calculated for each jurisdiction based on the FIADB subset and applied to the impacted acres to produced average cubic feet of natural debris generated by each event in each jurisdiction, as shown in Figure 7.
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Figure 7. Impacted Acreage Estimate

To estimate the natural debris generated by an earthquake event, the percent of woodlands was calculated by tract using the MRLC by tract ACRES_ADJ value. A vegetation multiplier was apply based on low (1.0 for 0–33 percent), moderate (1.2 for 33–66 percent), and high (1.3 for 66–100 percent) percent woodlands. An estimate of the average cubic feet of debris per acre was calculated from the non-structural or foundational debris estimated by HAZUS. This value was applied to the adjusted acres and multiplied by the applicable vegetation multiplier to yield total cubic feet of debris per acre, summarized by tract, for each jurisdiction.
3. Anomalies, Errors, and Work-Arounds
The models used by HAZUS incorporate state-of-the-art methods and robust data processing algorithms. This combination of components had proven to yield relevant, balanced, and consistent results across a wide range of disaster scenarios. However, model output can, at best, only match the standard of the data input within the parameter options of the model. Certain anomalies and errors have been discovered in the modeling of the tsunami (coastal) and riverine flood events for certain jurisdictions. Two types of anomalies were generated. The first type of anomaly was generated because the input parameter options were too low to produce valid output (see Ketchikan in Table 1 and Table 4). The second type of anomaly was generated because of the input data resolution and a geospatial phenomenon known as the Modifiable Area Unit Problem, which is present when data are distributed across a highly variable set of area units (in this case census tracts) that actually only occurs in a very limited sub-section of the given area unit. This anomaly can yield calculations that seem much lower or much higher than is reasonable for a given area.
Besides anomalous results, a system error was generated due to a large jurisdictional area input parameter option and idiosyncrasies in computer system hardware and software configurations. Large jurisdictional area riverine event modeling utilized a user input DEM (see Section 1.2) with an approximate pixel resolution of 60 meters (2 arc seconds, horizontal). In HAZUS, an elevation surface was generated to calculate each stream reach and each reach inundation boundary based on input parameter options. Large jurisdictional areas (e.g., Matanuska-Susitna Borough) require a highly refined selection of input data and parameter options that could not be achieved under the scope of this project. The work-around for this error was to examine an analogous jurisdiction, with a similar level of infrastructure, and make estimates based on the relationships between debris types.
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