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I. Findings: 

 

Based on 2010 US Census bureau figures, approximately 91,438 people live within the 

lahar hazard zones of Mount Rainier, Washington. Developing a vulnerability index for areas 

within the defined hazard zones will help community leaders identify areas for enhanced 

mitigation and preparedness measures. Because a standardized method for determining lahar 

vulnerability has not been established, evaluation criteria and methodology had to be developed. 

The three criteria selected to evaluate each area in the lahar zones were its distance from the 

lahar source, distance to safe land, and population density. Multiple indexes were created to test 

multiple hypotheses in order to select the most appropriate index method and identify areas of 

highest vulnerability. Because accepted threshold values for determining vulnerability have not 

been established, it was determined that the quantile method of classification was most 

appropriate. This method was selected because it assigns the same number of values to each 

class, thereby creating a relative ranking system. By using this method to create five classes, the 

top 20% of measured values are given the highest score.  

A weighted mean method was then chosen to combine the three evaluation criteria 

scores to determine the final vulnerability index value. This allowed for the distance from 

source criteria to be weighted higher at 50% in the calculation of the index value. Combining 

the quantile classification and weighted mean methods created an index with the highest mean 

value of 4.52 and highest percentage of area with a value greater than five. An index value of 

five was chosen as the threshold value for rating an area as highly vulnerable. Though none of 

the methods developed validated the original hypotheses by classifying 50% or more of the area 

in the lahar zones as highly vulnerable, the quantile weighted mean method did achieve a total 

of 34%. Of the four indexing methods developed, this represents the most conservative and is 

therefore highly appropriate for emergency mitigation and disaster planning efforts.  

 

 

 

 

 

 

 

 

 

 

 

The final vulnerability index surface spatially represents the intuitive premises of the 

developed evaluation criterion. Most notably, areas where river channels widen and have 

moderate population density maintain high index values. Cities like Orting, Sumner, and 

Puyallup all have populations at high risk and face difficult evacuation scenarios in the event of 

a lahar. The key to minimizing the damage caused by lahars from Mount Rainier is timely 

warning to the residents of these low lying areas.  

Lahar Index Method Mean Index Value Max Index Value Index Value =< 3 Index Value > 3 

and =< 5  

Index Value > 5 

Jenks Classification with 

Arithmetic Mean 

3.58 7.00 37.56% 58.10% 4.35% 

Jenks Classification with 

Weighted Mean 

4.24 7.00 23.90% 52.45% 23.65% 

Quantile Classification with 

Arithmetic Mean 

4.30 7.67 24.60% 52.70% 22.69% 

Quantile Classification with 

Weighted Mean 

4.52 7.50 21.39% 44.61% 34.00% 

Table 1. Lahar Vulnerability Index statistical and area comparison   
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II. Problem: 

 

Within what areas of the Mount Rainier lahar zones is the population most vulnerable during a 

lahar event?  

 

How does population density, distance from the volcano, and distance required to evacuate the 

lahar zones impact this risk?  

 

Mount Rainier is a major volcano in the Cascade Range in Washington State. Based on 

recent and historical geologic evidence it has produced large mudflows when rapidly melting 

glacier ice and accumulated debris descend down its mountain valleys during eruption events. 

The USGS has identified areas surrounding the volcano where lahars are likely to flow in the 

event of an eruption. Inevitably, as the population of Western Washington grows, more land is 

being developed within these lahar zones. This means that there is a growing risk that loss of 

life and property would be immense if a lahar were to strike. Having an updated understanding 

of the at risk population can help community leaders evaluate if current preparation levels are 

adequate or if further planning is necessary. 

 

III. Grounding: 

 

The lahar innundation zones identified for Mount Rainier encompasses a diverse mix of 

land uses from dense urban cities to rural agricultural lands to natural open space. These are 

areas where the people of Western Washington live, work, and play. To support these activities 

complex infrastructure networks have been developed. There are multiple jurisdictions that fall 

within the lahar zones who each maintain road, rail, utility, and information networks. All of 

these networks could be devastated by a lahar, leaving the area unable to support its resident 

population. Effectively, a lahar could render portions of the zones unable to support civil 

human life an extended period of time.  

 

The factors that make a lahar from Mount Rainier so dangerous lie in the unique 

characteristics of the topographic environment. Mount Rainier is the largest peak in the Cascade 

Range, sitting at 14,410 feet high. Because the peak is so high and relatively close to large 

bodies of water,  the Pacific Ocean and Puget Sound, Mount Rainier is covered with vast 

amounts of glacial ice and snow pack. The Cascadia Subduction Zone lies just off the coast of 

Washington ensuring that Mount Rainier remains volcanically active. When the mountain 

erupts, those large glaciers and snow packs will melt and send immense volumes of water 

rushing down the narrow river channels towards the cities and towns below.  

 

How spatial, demographic, temporal, or topographic variables shape individual 

perceived vulnerability while in the lahar zones is significant. Though residents that live 

farthest from Mount Rainier in the lahar zones will theoretically have more warning to 

evacuate, their vulnerability could be higher because of a lack of preparedness based on a lower 

perceived risk. These areas also tend to have higher densities which could lead to congestion 

along evacuation routes. Another factor that influences perceptions of vulnerability is the low 

likelihood of an eruption and lahar event.  
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IV. Hypotheses: 

 

The three criteria selected to evaluate each area in the lahar zones were its distance from 

the lahar source, distance to safe land, and population density. Once all areas had a value for 

each criteria, a score of 1,3,5,7, or 9 was assigned based on either the Jenks Natural Breaks or 

quantile method of classification. Then the mean of three scores was calculated arithmetically 

(average) or as a weighted mean with distance from lahar source weighed at 50%. This led to 

four possible vulnerability indexes and generated four hypotheses for testing. 

 

1. If the evaluation criteria are classified based on the Jenks Natural Breaks method and the 

arithmetic mean is calculated, then half of the area in the lahar zones will be rated as highly 

vulnerable. 

 

2. If the evaluation criteria are classified based on the Jenks Natural Breaks method and the 

weighted mean (50% weighted to distance from source) is calculated, then half of the area in 

the lahar zones will be rated as highly vulnerable. 

 

3. If the evaluation criteria are classified based on the quantile method and the arithmetic 

mean is calculated, then half of the area in the lahar zones will be rated as highly vulnerable. 

 

4. If the evaluation criteria are classified based on the quantile method and the weighted mean 

(50% weighted to distance from source) is calculated, then half of the area in the lahar zones 

will be rated as highly vulnerable. 

 

V. Evidence: 

 

   Source Data 

 
Dataset Source Date Published Quality Description Link 

2010 Census 

Blocks 

US Census 

Bureau 

2010 FIPS Compliant Blocks are the smallest 

geographic areas for which 

the Census Bureau publishes 

data from the decennial 

census.  

http://www.census.gov/geo/ww

w/tiger 

 

2010 Census 

Tables 

US Census 

Bureau 

2011 Statistical Quality 

Standards 

Compliant 

This product contains 

summary statistics on 

population and housing 

subjects derived from 

questions on 

the 2010 Census 

questionnaire. 

http://factfinder2.census.gov/ma

in.html 

Lahar 

Innundation 

Zones 

USGS 1998 1:100,000 The lahar hazards were 

defined by field 

investigations and 

construction of cross 

sections to depict various 

lahar innundation zones 

around the mountain.  

http://vulcan.wr.usgs.gov/Volca

noes/Rainier/Hazards/OFR98-

428/framework.html 

Glacier 

Database 

Portland State 

University 

2005 1:100,000 The location of and changes 

in glacial extent over the 

historic period. 

http://glaciers.us/Downloads 

        

 

 

Table 2.  Original data source information 
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Derived Data 

 

Population density was calculated by joining block areas to the corresponding 

population record then dividing the total count by the land area. This was then converted to a 

raster and five class values were assigned using both the quantile and natural breaks method.  

  

A source distance surface was determined by converting the lahar zones data to a raster 

format and using the cost distance tool to create a surface representing the distance from each 

lahar zone cell to the glacial extent. This surface was then reclassified into five class values 

using both the quantile and natural breaks method. 

 

A safe land distance surface was created by utilizing the lahar zones data to create a safe 

land raster of all land not within the lahar zones. The Euclidean distance tool was used to create 

a surface representing the distance from each lahar zone cell to safe land. This surface was then 

reclassified into five class values using both the quantile and natural breaks method. 

  

Each surface was comprised of 10x10 meter cells to balance data accuracy with file 

storage constraints. Using spatial analysis methods, the three evaluation criteria surfaces from 

the quantile classification and natural breaks classification model were then averaged using 

arithmetic and weighted methods. Weighting was defined as 50% for source distance value and 

25% each for the safe land distance and population density value. The corresponding four lahar 

vulnerability indexes were then used to test the hypotheses developed.  

 

Unavailable Data 

 

A potentially more up to date and accurate lahar zones dataset could have been obtained 

from Pierce County, Washington, but the financial cost was prohibitive for this analysis. Pierce 

County also has lahar evacuation route data that could have been used as an alternate or 

possible fourth evaluation criterion. Full economic data from the US Census was not available 

during this analysis, which could have provided poverty and mobility measures for further 

determining vulnerability. 

 

VI. Hypotheses and Evidence Discussion: 

  

Though the accuracy of any particular hypothesis statement can be determined, many of 

the evaluation criteria and methods can be questioned. It could be argued that more appropriate 

criteria other than distance from source, distance from safe land, or population density should 

be used to rate the vulnerability of areas within the lahar zones. Methodology concerns lie in 

choosing between the Jenks Natural Breaks or quantile method of classification, using a strict 

arithmetic or weighted mean and how to appropriately weigh each criterion, or what rating 

scores constitute high vulnerability areas. 
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Appendix A- Maps and Graphics: 

 
Figure 1 

Figure 1.  
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Figure 2. Graphical representation of methodological workflow 

Figure 3. Graphical representation of weighted index calculation 
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 Figure 4. Comparison of the Jenks Natural Breaks and quantile classification methods 
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Figure 5.   



Thompson- Page 9 

Appendix B- Annotated Bibliography: 

 
Brewer, C., Basic Mapping Principles for Visualizing Cancer Data Using Geographic Information Systems (GIS). 

American Journal of Preventive Medicine v30 (2S), pp.25-36, 2006. 

 

Cova, T.J., GIS in emergency management. Geographical Information Systems: Principles, Techniques, 

Applications, and Management,  New York: John Wiley & Sons, pp. 845–858, 1999. 

 

Crandell, D., Postglacial Lahars From Mount Rainier Volcano, Washington. Washington D.C: United States 

Geological Survey, 1971. 

 
Diechmann, U., Balk, D., Yetman G., Transforming population data for interdisciplinary usages: from census to 

grid. New York: The Center for International Earth Science Information Network (CIESIN), 2001. 

 

Driedger, C., Kennard, P., Ice Volumes on Cascade Volcanoes: Mount Rainier, Mount Hood, and Mount Shasta. 

Vancouver.: United States Geological Survey, 1986. 

 

Fountain, A., Hoffman, M., Jackson, K., et.al., Digital Outlines and Topography of the Glaciers of the American 

West. Vancouver: United States Geological Survey, 2006.  

 

Hoblitt, R.P., Walder, J.S., Driedger, C.L., et. al.,  Volcano Hazards from Mount Rainier, Washington, Revised 

1998. Vancouver: United States Geological Survey, 1998. 
 

Iverson, R., Schilling, S., Vallance, J., Objective delineation of lahar-inundation hazard zones. Geological Society 

of America Bulletin v.110 (8), pp.972-984, 1998. 

 

Lucio, L., Vitelli, L., Volcanic Risk Assessment and Mapping in the Vesuvian Area Using GIS. Natural Hazards, 

v.17, pp.1-15, 1998. 

 

Moran, S., Seismic Monitoring at Cascade Volcanic Centers, 2004-Status and Recommendations. Vancouver: 

United States Geological Survey, 2004. 

 

Pareschi, M.T., Cavarra, L., Favalli, M., Giannini, F., et. al., GIS and volcanic risk management. Natural Hazards 

v.21 (2–3), pp. 361– 379, 2000. 
 

Perry, R., Godchaux, J., Volcano hazard management strategies: Fitting policy to patterned human responses. 

Disaster Prevention and Management, v.14, pp.183-195, 2005. 

 

Pierce County, Washington, Mount Rainier Volcanic Hazards Plan. Tacoma: Department of Emergency 

Management, 2008. 

 

Pierce County Washington, REGION 5 HAZARD MITIGATION PLAN VOLCANIC HAZARD SUB-SECTION. 

Department of Emergency Management, unknown date. 

 

Washington Military Department, Mt Rainier Volcanic Hazards Response Plan. Olympia: Emergency Management 
Division, 1999.  

 

Wood, N., Soulard, C., Community Exposure to Lahar Hazards from Mount Rainier, Washington. Vancouver.: 

United States Geological Survey, 2009. 

 

Wood, N., Soulard, C., Variations in population exposure and sensitivity to lahar hazards from Mount Rainier, 

Washington. Journal of Volcanology and Geothermal Research v.188, pp.376-378, 2009. 

 

 

 

 

 



Thompson- Page 10 

Appendix C- Experts Consulted: 

 

 Carlson, Tom, PhD. - USGS WA Geospatial Liaison  

 Rinks, Jim, GISP – TAIC Senior GIS Analyst 

 Podleski, Jeremiah, GISP – TAIC GIS Analyst  

 Nichols, Nick – TAIC Emergency Management Director 

 Goss, Lise – WSDOT GIS Analyst  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


