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1.0  EXECUTIVE SUMMARY

On October 1, 2007, the Oregon Department of Geolo-
gy and Mineral Industries (DOGAMI) entered an inter-
governmental agreement with Washington County, 
Oregon (project no. 100075, purchase order 141319) 
to perform regional landslide hazard evaluation of 
the West Bull Mountain Planning Area (WBMPA) as 
shown in Figure 1. 

Deliverables of this study include the following:
•	 this report text
•	 hazard maps:

◦◦ lidar-based landslide inventory map  
(Figure 4; Plate 1)

◦◦ shallow-seated landslide susceptibility map 
(Figure 11; Plate 2)

◦◦ deep-seated landslide susceptibility map 
(Figure 15; Plate 3)

•	 geographic information system (GIS) files:
◦◦ landslide inventory
◦◦ shallow-seated susceptibility
◦◦ deep-seated susceptibility

A lidar-based landslide inventory mapping protocol 
(Burns and Madin, 2008) was used to create a landslide 
inventory of the southwest quarter of the Beaverton, 
Oregon, U.S. Geological Survey topographic quad-
rangle. Ninety-eight landslide deposits were located. 
Forty-seven of these are within the WBMPA. Eighty-
three of these were classified as shallow, nine as deep, 
and six as debris flow deposits. The average prefailure 
slope angle is 28 degrees. The average landslide area is 
roughly 20,000 ft2 (1850 m2), which is approximately 
the size of a football field. The average depth of failure 
for the shallow-seated landslides is 8.5 ft (2.6 m), and 
the average depth of failure for the deep-seated land-
slides is 26 ft (7.9 m).

A lidar-based shallow-seated landslide suscepti-
bility mapping protocol (Burns, 2008a) was used to 
create a shallow-seated landslide susceptibility map 
of the southwest quarter of the Beaverton quadrangle. 
The area of the southwest quarter of the quadrangle is 
roughly 13 mi2 (37 km2); 2.0 mi2 (5.2 km2)of the total are 
classified as highly susceptible to shallow-seated land-
slides, 6.5 mi2 (16.3 km2) as moderately susceptible to 
shallow-seated landslides, and 4.7 mi2 (12.2 km2) as less 
susceptible to shallow-seated landslides.

The lidar-based deep-seated landslide susceptibility 
mapping protocol (Burns, 2008b) was used to create a 

deep-seated susceptibility map of the southwest quar-
ter of the Beaverton quadrangle.

The landslide inventory map, shallow-seated suscep-
tibility map, and deep-seated susceptibility map were 
developed with input from many sources and exper-
tise gained from years of experience; however, several 
limitations underscore that these maps are designed 
for regional applications and should not be used as 
an alternative to site-specific studies in critical areas. 
These limitations are described in detail on Plates 1–3.

These maps are intended to provide users with basic 
information regarding landslides and the susceptibility 
to landslides within the mapped area. These maps con-
tain useful information to guide site-specific investiga-
tions for future development, to assist in regional plan-
ning and development, to mitigate existing landslides 
and slopes, and to prepare for emergency situations, 
such as storm events and earthquakes. While we reiter-
ate that these data are not appropriate for site-specific 
evaluations, the data are valuable for regional screen-
ing for landslides and selection of appropriate areas on 
which to focus further site-specific studies. The data 
are particularly suitable for incorporation and con-
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sideration into regional GIS databases for a multitude 
of purposes. These include but are not limited to city 
and county hillside development ordinances, issuance 
of building permit conditions, public works planning 
and operations, and environmental and sustainability 
issues.

2.0  SIGNIFICANCE OF THE PROBLEM

Landslides are one of the most widespread and dam-
aging natural hazards in Oregon. In order to begin 
reducing losses from landslides (mitigation), areas of 
landslide hazard must first be located. The first step in 
landslide hazard identification is to create an inventory 
of past (historic and prehistoric) landslides. The inven-
tory can then be used to create susceptibility maps that 
display areas at risk for landslides. 

3.0  PURPOSE AND SCOPE

The purpose of this study is to evaluate the regional 
relative landslide hazard and to provide recommenda-
tions to Washington County. Seismic, civil, and envi-
ronmental evaluation of any kind are beyond the scope 
of this project. 

We performed our services in accordance with 
the intergovernmental agreement with Washington 
County (project no. 100075, purchase order 141319). 
DOGAMI is not responsible for independent conclu-
sions, opinions, or recommendations made by others 
based on information provided in this report. 

Considering the dynamic environment in Oregon, 
the inherent risks associated with development in hilly 
areas, and the fact that the study of all geologic hazard 
processes is not completely known to the professional 
and research community at this time, we warn that our 
report does not assure any safety or warranty from geo-
logic hazards. The maps in this study were developed 
with input from many sources and expertise gained 
from years of experience; however, several limitations 
underscore that these maps are designed for regional 
applications and should not be used as an alternative to 
site-specific studies. These limitations are described in 
detail in Plates 1–3.

4.0  CREATION OF THE HAZARD MAPS

As part of this study, we created three landslide hazard 
maps: 1) lidar-based landslide inventory, 2) shallow-
seated landslide susceptibility, and 3) deep-seated land-
slide susceptibility. The methods employed to create 
these maps are described below.

4.1 Lidar-based landslide inventory

Recently, very high resolution, high-accuracy digital 
elevation models (DEM) developed using light detec-
tion and ranging (lidar) data have become available for 
some parts of Oregon. These new data give us a much 
better image of the surface geomorphology, allowing 
identification of features associated with landslides, 
such as concave slope depressions, vertical or steep 
scarps, shear zones located along the flanks of a land-
slide, and shortening features of landslides such as toes, 
transverse ridges, and snouts (Burns, 1999). Recogni-
tion of such features can be used to identify landslides 
with a high level of certainty and map them accurately. 
In the past, most accurate, higher-certainty, landslide 
maps were created using a combination of aerial pho-
tography and extensive field survey. The use of lidar 
derived bare earth digital elevation model (DEM) is the 
key to the landslide mapping performed in this study.

Prior to beginning lidar-based mapping of landslides 
in the WBMPA, we reviewed two landslide inventories: 
1) the 1996-1997 storm events inventory (DOGAMI 
Special Paper 34 [Hofmeister, 2000]) and the Statewide 
Landslide Information Database for Oregon (SLIDO) 
(Burns, and others, 2008). The latest geologic maps of 
the area, DOGAMI Open-File Report O-04-02 and 
DOGAMI Open-File Report O-90-02 (Madin, 2004; 
Madin, 1990), were also reviewed. No landslides from 
any of these sources were identified within the WBMPA 
(Figure 2). We also reviewed DOGAMI Interpretive 
Map Series 22 (IMS-22) (Figure 2) (Hofmeister and 
others, 2002). Again, no potential hazard was identified 
within the WBMPA.

After review of previous regional landslide hazard 
studies, we mapped the entire southwestern quarter of 
the U.S. Geological Survey 7.5′ Beaverton topographic 
quadrangle (which encompasses the WBMPA) using 
lidar-derived DEM and DEM derivatives including 
shaded relief (hillshades), slope maps, and topographic 
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Figure 2. (left) Map of previous identified landslides from DOGAMI publications O-04-02 (Madin, 2004), SP-34 (Hofmeister, 2000), 
and SLIDO-1 (Burns and others, 2008), and (right) map of potential debris flow hazard areas from DOGAMI IMS-22  

(Hofmeister and others, 2002). Note that no landslide points (SP-34), landslide polygons (SLIDO-1),  
or potential debris flow hazard areas (IMS-22) were identified within the WBMPA (black outline).
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contours. In addition to the lidar-derived images, we 
used an orthophoto of similar age to the lidar data to 
help differentiate between some man-made and natural 
landforms. We identified landslides solely from ground 
surface morphology. Morphologic features include 
head scarps, hummocky topography, convex and con-
cave slope areas, offset drainages, flank shear offsets, 
and internal scarps. We created the inventory following 
the protocol defined by Burns and Madin (2008).

Because landslides and landslide features are not all 
the same size, we mapped at several different scales, in 
this order:

•	 1:24,000 scale (the native scale of a standard print-
ed 7.5 minute topographic quadrangle)

•	 1:10,000
•	 1:4,000
Spatial data and tabular data were mapped into a 

GIS. Spatial data include the following four elements: 
•	 polygon (outline) of the mapped landslide deposit
•	 polygon (outline) of the landslide head scarp
•	 line of the uppermost extent of the head scarp
•	 lines of internal scarps
However, all four of these features may not have been 

present or determinable at every landslide. 
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Kinds of tabular data collected are shown in Table 
1. Some of these tabular data may not have been pres-
ent or determinable at every landslide. Some items are 
described in more detail on Plate 1.

One important tabular datum in the landslide inven-
tory is the estimated depth of failure, which was calcu-
lated for each identified landslide as shown in Figure 
3 (Burns and others, 1998; Burns, 1999; Burns and 
Madin, 2008).

Using estimated failure depth, we classified each 
landslide as deep or shallow seated. This differentia-

tion is necessary because different models are used to 
calculate or estimate regional stability or susceptibility 
for different depths and for different types of landslides. 
There is no widely accepted value of division between 
deep and shallow landslides, so we based our value on 
the combination of several factors and several other 
studies (Sidle and Ochiai, 2006; Burns, 1999; Harp and 
others, 2006). We selected a division value of 15 ft (4.5 
m) between shallow- and deep-seated landsliding. 

After lidar-derived DEM mapping and tabular data-
base entry were completed, we performed ground 

Table 1. Tabular data fields used for lidar-based landslide inventory.

Field Name Abbreviated Code Brief Description

Identification ID numeric string

Quadrangle name QUADNAME 7.5 minute quadrangle name

Unique identification UNIQUE_ID “QUADNAME”_” ID”

Mapper name MAPPER_NAM name of mapper

Type of movement Type_Move type of movement

Movement classification MOVE_CLASS classification name

Movement classification code MOVE_CODE classification code

Confidence of interpretation CONFIDENCE confidence of identification

Estimated age AGE estimated age

Date of last movement DATE_MOVE date of last known movement

Landslide name NAME landslide name

Geology Geol geologic unit

Adjacent slope SLOPE adjacent slope angle

Head scarp height HSHEIGHT change in elevation from bottom to top of head scarp 
or change in elevation from top to toe of fan

Failure depth FAIL_DEPTH estimated failure depth

Fan depth Fan_DEPTH estimated depth of fan

Deep-shallow DEEP_SHAL deep or shallow seated

Horizontal distance HS to IS1 HS_IS1 horizontal distance from head scarp to internal scarp 
no.1

Horizontal distance IS1 to IS2 IS1_IS2 horizontal distance from internal scarp 1 to internal 
scarp 2

Horizontal distance IS2 to IS3 IS2_IS3 horizontal distance from internal scarp 2 to internal 
scarp 3

Horizontal distance IS3 to IS4 IS3_IS4 horizontal distance from internal scarp 3 to internal 
scarp 4

Average horizontal distance 
between internal scarps

HDAVE average horizontal distance between internal scarps

Size of landslide deposit AREA size of landslide deposit

Volume of landslide deposit VOL volume of landslide deposit
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reconnaissance to field verify the suspected landslide 
features. Observations made during the reconnaissance 
were used to revise the lidar-based landslide inventory 
map, as appropriate.

To assist visualization, we created a 1:8,000-scale 
map (Plate 1; facsimile in Figure 4) that displays lidar-
based landslide inventory data (Beaverton_SWLSde-
posits.*, Beaverton_SWLSheadscarps.*, and Beaver-
ton_SWLSscarps.*; these GIS files are provided as part 
of this publication). This map cannot serve as a sub-
stitute for site-specific investigations by qualified prac-
titioners. Site-specific data may give results that differ 
from those shown on this map. Several other limita-
tions are listed on Plate 1.

4.2 Shallow-seated landslide susceptibility

With the lidar-based landslide inventory and several 
other data sets, we created a shallow-seated (less than 
15 ft [4.5 m]) susceptibility map using four main com-
ponents (Burns, 2008a): 

•	 shallow-seated landslide inventory
•	 calculation of regional factor of safety (FOS)
•	 buffers
•	 combination of the previous three factors into 

final susceptibility hazard zones
All shallow-seated slides, flows, and spreads were 

queried out of the lidar-based landslide inventory data-
base and saved to a separate GIS file.

To calculate the factor of safety (FOS) for shallow-
seated landsliding, we used the infinite slope equation 
shown in Figure 5.

Slope Angle (a) Head Scarp Height (x)

Measurement
Elevation Difference
from Top to Bottom

of Head Scarp (x)

Depth to 
Failure (z) 

Slope Angle (a)

a

z

y

x

Depth to Failure   z =  
 

Depth to Failure (z)

     x
cos (a)
 

Figure 3. Diagram and equation for calculation of estimated depth to failure.
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Type of Movement

Type of Material

Rock Coarse Soils Fine Soils

Fall RF rock fall DF debris fall EF earth fall

Topple RP rock topple DT debris topple ET earth topple

Slide-rotational RS-R rock slide-rotational DS-R debris slide-rotational ES-R earth slide-rotational

Slide-translational RS-T rock slide-translational DS-T debris slide-translational ES-T earth slide-translational

Lateral spread RSP rock spread DSP debris spread ESP earth spread

Flow RFL rock flow
DFL-I debris flow-initiation
DFL-T debris flow-transport
DFL-D debris flow-deposition

EFL earth flow

Complex C complex or combinations of two or more types (for example, ES-R + EFL)

LANDSLIDE FEATURES: Because of the high resolution of the lidar-derived topographic data, some additional landslide features 
were identified. These include: 

 

HEAD SCARP: The uppermost scarp, which in most cases exposes the primary surface of rupture. 

 

HEAD AND INTERNAL SCARPS: Scarps within the body of the landslide. 

DEPTH OF FAILURE: The depth of landslide failure was estimated from scarp height. Failures less than 4.5 m (15 ft) deep are 
classified as shallow-seated, and failures greater than 4.5 m (15 ft) deep are classified as deep-seated. 

 

SHALLOW-SEATED LANDSLIDE: Estimated failure plane depth is less than 4.5 m (15 ft). 

 

DEEP-SEATED LANDSLIDE: Estimated failure plane depth is greater than 4.5 m (15 ft). 

EXCELLENT (> 80% confidence, ≥ 90 points) 

 

GOOD (60%–80% confidence, 60–89 points) 

 

MODERATE (40%–60% confidence, 30–59 points) 

 

FAIR (20%–40% confidence, 11–29 points) 

 

POOR (< 20% confidence, � 10 points) 

CLASSIFICATION OF MOVEMENT: Each landslide was classified with the type of landslide movement. There are five types of 
landslide movement: slide, flow, fall, topple, and spread. These movement types are combined with material type to form the landslide 
classification. Not all combinations are common in nature, and not all are present in this area. 

Initiation
Transport

Deposition

For copies of this publication contact:
Nature of the Northwest Information Center

800 NE Oregon Street, #5, Ste. 177
Portland, Oregon 97232

telephone (503) 872-2750
http://www.naturenw.org

PLATE 1

Partial funding provided by Washington County (Project 100075, PO 141319)

This map is an inventory of existing landslides in this area. The landslide inventory is one of the essential data layers used to delineate 
regional landslide susceptibility. This landslide inventory is not regulatory; revisions can happen when new information regarding 
landslides is found or new landslides occur. Therefore, it is possible that landslides within the map area were not identified or occurred 
after the map was prepared. 

This inventory map was prepared by compiling all previously mapped landslides (published geologic and landslide mapping), analyzing 
lidar-based geomorphology, and reviewing aerial photographs. Landslides identified by these methods were digitally compiled into a 
GIS database at a scale of 1:1,500. The recommended map scale for these data is 1:8,000, as displayed on this map. Each landslide was 
also attributed with classifications for activity, landslide features, depth of failure, confidence of interpretation, and movement type. 
The landslide data are displayed on top of a base map that consists of an orthorectified aerial photograph overlain on the lidar-derived 
digital elevation model.  

This landslide inventory map is intended to provide users with basic information regarding landslides within the area. The geologic, 
terrain and climatic conditions that led to slope failures in the past may provide clues to locations and conditions of future slope 
failures, and it is intended that this map will provide useful information to develop regional landslide susceptibility maps, to guide site-
specific investigations for future developments, to assist in regional planning, and to mitigate existing landslides. 

Each landslide shown on this map has been classified according to a number of specific characteristics identified at the time recorded in 
the GIS database. The classification scheme was developed by the Oregon Department of Geology and Mineral Industries (DOGAMI) 
(Burns and Madin, 2008). Several significant landslide characteristics recorded in the database are portrayed with symbols on this map. 
The specific characteristics shown for each landslide are the activity of landsliding, landslide features, deep or shallow failure, type of 
landslide movement, and confidence of landslide interpretation. These landslide characteristics are determined primarily on the basis of 
geomorphic features, or landforms, observed for each landslide. The symbology used to display these characteristics is explained below. 

LANDSLIDE ACTIVITY: Each landslide has been classified according to the relative age of last movement. This map uses color to 
show the activity. 

 

ACTIVE or HISTORIC (movement < 100 years): The landslide appears to be currently moving or to have moved 
within historic time. 

 

DORMANT – YOUNG (movement 100-10,000 years – Holocene): Landslide features are fresh to slightly 
eroded, but there is no evidence of historic movement. 

 

DORMANT – MATURE (movement > 10,000 – Pleistocene and earlier): The observed landforms related to the 
landslide have been greatly eroded or covered with Pleistocene or earlier alluvial deposits that result in smoothed 
and subdued morphology. 

CONFIDENCE OF INTERPRETATION: Each mapped landslide is classified according to a "confidence" that the mapper assigns to 
it, and can be regarded as a measure of the likelihood that the landslide actually exists. Landslides are mapped on the basis of 
characteristic landforms, and the confidence of interpretation is based on the presence or absence of those landforms. As a landslide 
ages after its last movement, erosion removes or covers the landforms that formed by landsliding. With time, these distinctive 
landforms become so subtle that they resemble landforms produced by geologic processes and conditions unrelated to landsliding.  

Because most landslides, with the exception of channelized debris flow transport zones and deposit zones, rock falls, and topples, have 
several different types of geomorphic features associated with them, a good way to define certainty is through a simple point system 
associated with these features. For example, if the head scarp and toe of a landslide are only features identifiable during mapping, the 
mapper applies 30 points for the head scarp and 30 points for the toe, equaling 60 points, which is associated with a good certainty of 
identification.  

The visual display of this confidence of interpretation is through the use of different line styles as shown below. 

EFL - Earth Flow – Abbreviation for class of slope movement. Table below displays all 
types. Generalized diagrams displaying types of movements are shown below table (some 
modified from Highland, 2004). 

Falls are near-vertical, rapid movements of masses of materials, such as rocks or boulders. The rock 
debris sometimes accumulates as talus at the base of a cliff. 

 

 

Topples are distinguished by forward rotation about some pivotal point, below or low in the mass. 

 

 

Slides are downslope movement of soil or rock on a surface of rupture (failure plane or shear-zone).  

 

Rotational slides move along a surface of rupture that is curved and concave. 

 

Translational slides displace along a planar or undulating surface of rupture, sliding out over the 
original ground surface. 

 

 

Spreads are commonly triggered by earthquakes, which can cause liquefaction of an underlying layer and 
extension and subsidence of commonly cohesive materials overlying liquefied layers. 

 

 

Channelized Debris Flows commonly start on a steep, concave slope as a small slide or earthflow into a 
channel. As this mixture of landslide debris and water flows down the channel, it picks up more debris and 
water, as well as speed, and deposits material in a fan at the outlet of the channel.  

 

 

Earth Flows commonly have a characteristic “hourglass” shape. The slope material liquefies and runs 
out, forming a bowl or depression at the head. 

 

 

Complex Landslides are combinations of two or more types. A common complex landslide is a slump-
earth flow, which usually exhibits slump features in the upper region and earth flow features near the toe. 

Example:

The landslide inventory mapping protocol was developed with input from many sources and people, along with expertise gained from 
years of experience. Several limitations are worth noting and underscore that any regional hazard map is useful for regional 
applications but should not be used as an alternative to site-specific studies in critical areas.  

1. Although it is possible to check for errors in the GIS and tabular database, it is not feasible verify all original input data. 
2. As discussed above, the protocol to develop landslide inventories is based on four primary tasks: 1) interpretation of lidar-

derived topographic data, 2) compilation and review of previously mapped landslides, 3) review of historic air photos, and 4) 
limited field check. These tasks can affect the level of detail and accuracy of the landslide inventory. We expect lidar data 
quality will improve in the future, which will likely result in identification of more landslides with greater accuracy and 
confidence. Because of time limitations some previously mapped landslides have likely been missed. For some locations, 
historic air photos may not be available. Because field work is time consuming and therefore expensive, field checking may be 
extensive in some locations and very limited in some remote locations. 

3. The GIS database is a “snapshot” view of the current data; new information regarding landslides may be found and new 
landslides may occur.  

4. Because of the resolution of the lidar data and air photos, landslides that are smaller than 100 square meters (1,075 square 
feet) may not be identified. Small landslides were included if they are provided by a local governmental agency, a site- or area-
specific study report, or a local area landslide expert, and are found to be accurately located. 

5. It can be expected that the geological interpreter will not recognize some landslides as a result of lidar data and air photo 
quality, scale, vegetation, or other characteristics. A mapper’s experience level and experience with landslides in the 
immediate area also affect the quality of the inventory map. To limit these problems, this map was developed following the 
lidar-based landslide inventory mapping protocol developed by Burns and Madin (2008) and has undergone peer review. 

6. Earthwork related to development on hillsides can remove the geomorphic expressions of past landsliding. This can result in 
landslides being missed in the inventory. Earthwork on hillsides can also create geomorphic expressions that mimic past 
landsliding. For example, a cut and fill can look like a landslide scarp and toe. This limitation can sometimes be addressed by 
viewing aerial photographs that predate development in the area being mapped. Therefore, to ensure that past landslides 
have been adequately identified, if a landslide was identified on the predevelopment air photos, it was included in the 
landslide inventory, whether or not surface expression was located on the lidar-based map. 

7. Some landslides have been mitigated. Because it is not feasible to collect detailed site-specific information on every landslide, 
for example if it has been mitigated and what level of mitigation was implemented, mitigation has been omitted. 

Because of these limitations this map is intended for regional purposes only and cannot replace site-specific investigations. However, 
the map can serve as a useful tool for estimating the regional landslide hazard and as a starting point for future detailed site-specific 
maps. Please contact DOGAMI if errors and/or omissions are found so that they can be corrected in future versions of this map. 

Burns, W. J., and Madin, I. P., 2008 manuscript in preparation, Lidar-based landslide inventory mapping protocol, Oregon Department 
of Geology and Mineral Indutries 

Highland, L., compiler, 2004, Landslide types and processes, U.S. Geological Fact Sheet 2004-3072 (ver. 1.1), 4 p. 

Wiegers, M, O., 2006, Landslide inventory map of the Morgan Hill quadrangle, Santa Clara County, California: California Geological 
Survey, Landslide inventory map series. 

Acknowledgements: Funding for this project was provided through a grant by Washington County Land Use and Transportation, 
Planning Division, with additional funds from the State of Oregon. We thank DOGAMI staff who helped work on this project through 
technical assistance, review, and general aid. 

IMPORTANT NOTICE 
This map depicts existing landslides on the basis of limited data. 
The hazard zones were created following the protocol defined by 
Burns and Madin (2008). This map cannot serve as a substitute for 
site-specific investigations by qualified practitioners. Site-specific 
data may give results that differ from those shown on this map. 

Landslide Feature Points 

Head scarp 30 

Flanks 30 

Toe 30 

Internal scarps, sag ponds, compression ridges, etc. 10* 
 

*Applied only once so that total points do not total more than 100 

≤

Figure 4. Landslide inventory map (facsimile of Plate 1 of this publication) of the southwest 
quarter of the Beaverton quadrangle, Washington County, Oregon.
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Because the infinite slope equation for regional sta-
bility analysis is limited to a grid type analysis (i.e., the 
results are a calculated FOS for each individual grid, 
which does not consider the potential impact of adja-
cent slopes, etc.), we took a conservative approach in 
most steps to calculate the FOS. The limitations are 
discussed in greater detail later in this section and in 
Plate 2.

Several data sets are needed to calculate FOS 
throughout the area:

•	 geology — material properties
•	 depth to failure surface
•	 groundwater
•	 slope angle
Material properties consist of cohesion, angle of 

internal friction, soil density, and water density. Because 
these properties can vary from geologic unit to unit, 
we constructed a digital geologic map that contains 
the material properties for each unit (Figure 6). These 
properties can also vary within a particular geologic 
unit, so conservative values were used for each unit.

Because material properties are not readily available 
for the region, we constructed and used a set of conser-
vative values (Table 2).

The maximum depth to failure surface, as defined 
by the cutoff between shallow- and deep-seated land-
slides, is 4.5 m (15 ft); however, the majority (mean) of 
shallow landslides in the region have a failure surface 
roughly 2.4 m (8 ft) deep. Thus a depth of 2.4 m (8 ft) 
was used in the infinite-slope equation (Figure 5).

The groundwater parameter can vary widely spatially 
and with time. Because of these potential variations, 
we selected a worst case scenario (most conservative) 
approach; complete saturation, or z, equals h (Figure 5).

The high-resolution lidar-derived digital elevation 
model (DEM) was used to create a map of slope angles 
for each grid cell (Figure 7) satisfying the slope angle 
parameter in the infinite slope equation.

Because there are many limitations to regional sta-
bility analysis using the infinite slope equation and 
unknowns due to general lack of material properties 
data spatially, we applied a 2:1 horizontal to vertical 
distance ratio (2H:1V; Figure 8) buffer to both the head 
scarp and the FOS, as described below.

Most landslides tend to leave a near-vertical head 
scarp above the failed mass. Commonly, this head scarp 
area will fail retrogressively or a separate landslide will 
form above the head scarp due to loss of resisting forces. 

 

  

γ
γw

φ 

z = Depth to Failure Surface
h = Groundwater Height Above Failure Surface
θ = Slope Angle (degrees)

 = Angle of Internal Friction
c = Cohesion

= Soil Density (unit weight)
 = Groundwater Density (unit weight)

c’ + (γz - γ h) cos θ tanφw

γz cosθ sinθ

2

Factor of Safety (FOS) = 

θ
Ground
Surface

Failure 
Surface

Material Properties

Other Variables

x

y

z

h

x = Horizontal Grid Distance (on DEM)
y = Vertical Grid Distance (on DEM)

Figure 5. Infinite-slope analysis: diagram, parameters, and equation (Burns, 2008a; Cornforth, 2005).
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Table 2. Conservative typical soil and rock material properties (Harp and others, 2006; Conforth, 2005; Denning, 1994).

Common Lithology 
Description

Common Unit 
or Formation 

Names
Common 

Unit Label

Angle of 
Internal 

Friction (φ) 
(degrees)

Cohesion (c) Unit Weight

(kPa) (lb/ft2) (kN/m3) (lb/ft3)
Cohesionless Soils
Landslide deposit 
(deep failure)

shearing mainly along 
deep failure plane Landslide Qls 28 0 0 15.5 99

Recent alluvium 
(fine grained) clay, silt, sand Quaternary 

alluvium, loess Qal, Qff, Ql 30 0 0 14.5 93

Cohesive Soils
Residual soil on 
basalt/andesite silty clay with boulders Columbia River 

Basalt Tcr 40 10 209 15 96

Water
Water water water W 0 0 0 10 64

Figure 6. Geologic-material properties map of the southwest quarter of the Beaverton 
quadrangle, Washington County, Oregon (Madin, 2004, 1990).
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0 0.4 0.80.2
Miles

1:35,000

0 0.6 1.20.3
Kilometers

Scale

q

Explanation
West Bull Mt. Planning Area

Slope Angle (degrees)
High : 81

Low : 0

Figure 7. Slope map of the southwest quarter of the Beaverton quadrangle, Washington 
County, Oregon, created from lidar-derived digital elevation model.
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Generally, the area above the head scarp has a relatively 
low slope angle; thus, the factor of safety calculated 
using the infinite-slope equation on a grid is relatively 
high — indicating a low susceptibility of future failure. 
To account for the increase in susceptibility of this area 
above the head scarp, which is missed when using the 
infinite-slope equation alone, we used a 2:1 horizon-
tal to vertical distance ratio (2H:1V) head scarp buffer 
(Figure 9).

Because use of the infinite slope equation for region-
al stability analysis is limited to a grid type analysis (i.e., 
the results are a calculated FOS for each individual 
grid, which does not consider the potential impact of 
adjacent slopes, etc.), we applied a buffer to all areas 
with a calculated FOS less than 1.5 or the areas consid-
ered to be potentially unstable. This buffer was applied 
both up and down slope of the areas with a calculated 
FOS less than 1.5 as shown in Figure 10.

To create the final shallow-seated landslide hazard 
zones, we combined several of the contributing factors 
(Table 3).

To assist visualization, we created a 1:8,000-scale 
map (Plate 2; see facsimile in Figure 11) to display the 
lidar-based shallow-seated landslide susceptibility data 
(LSshallow-suscept.*; these GIS files are provided as 
part of this publication). We created the susceptibility 
zones following the protocol defined by Burns (2008a). 
This map cannot serve as a substitute for site-specific 
investigations by qualified practitioners. Site-specific 
data may give results that differ from those shown on 
this map. Several other limitations are listed on Plate 2. 

Table 3. Final hazard zone matrix for shallow-seated landslides.

High Moderate Low

less than 1.25 1.25 - 1.5 greater than 1.5

included — —

2H:1V (head scarps) 2H:1V (FOS less than1.5) —

Landslide Deposits & Head Scarps

Factor of Safety (FOS)

Buffers

Final Hazard Zone
Contributing Factors

Distance H = V

Horizontal (H)
Vertical

(V)

2H : 1V

26˚

Figure 8. Diagram of the 2:1 horizontal to vertical distance ratio (2H:1V) 
used to create head scrap and factor of safety buffers.
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Head Scarp 
Height (V)

2H:1V Head Scarp 
Buffer (orange)

Block DiagramCross-Section (profile)

Head Scarp 
Height (V)

2H:1V Head Scarp Buffer
 

Figure 9. Diagram of the two horizontal to one vertical distance ratio (2H:1V) head scarp buffer.

Figure 10. Diagram of the two horizontal to one vertical distance ratio (2H:1V) buffer 
applied to all factor of safety (FOS) less than 1.5.
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Shallow-Seated Landslide Susceptibility Map of the Southwest Quarter 
of the Beaverton Quadrangle, Washington County, Oregon
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Elevation data from Oregon Lidar Consortium, 2007. Digital elevation model 
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Geospatial Enterprise Office, 2005 and consists of 2005 
orthophoto draped over DEM with transparency.
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Factor of Safety Map

EXPLANATION

Factor of Safety less than 1.25 

Factor of Safety between 1.25 and 1.5

Factor of Safety greater than 1.5 

Landslide Inventory

Buffers for Head Scarps and Factor of Safety Less Than 1.5

Hazard Zone Matrix Table

*See explanation of corresponding contributing factors below.

*
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Vertical
(V)

2 times V = 2H

Cross-Section (profile)
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Each landslide susceptibility hazard zone shown on this map was developed according to a classification scheme that uses a number of 
specific factors. The classification scheme was developed by the Oregon Department of Geology and Mineral Industries (DOGAMI) 
(Burns, 2008). The symbology used to display these hazard zones is explained below. 

Landslide Susceptibility Zones: This map uses color to show the relative degree of hazard. Each zone is a combination of several 
factors.  

 

HIGH: High susceptibility to shallow-seated landslides.  

 

MODERATE: Moderate susceptibility to shallow-seated landslides.  

 

LOW: Low susceptibility to shallow-seated landslides.  

Buffer for Factor of Safety Less 
Than 1.5: This buffer was applied to 
all areas with a calculated FOS less 
than 1.5. The buffer consists of a 2:1 
horizontal to vertical distance (2H:1V). 
The maximum depth for shallow-
seated landslides is 4.5 m (15 ft), the 
2H:1V buffer equals 9 m (30 ft). 

EXPLANATION

Landslide Deposits

For copies of this publication contact:
Nature of the Northwest Information Center

800 NE Oregon Street, #5, Ste. 177
Portland, Oregon 97232

telephone (503) 872-2750
http://www.naturenw.org

Landslide Head Scarps

PLATE 2

Partial funding provided by Washington County (Project 100075, PO 141319)

The map depicts susceptibility to shallow-seated landslides for this area. For the purpose of this map, shallow-seated landslides are 
defined as those with a depth to the failure plane of less than 4.5 m (15 ft) (Burns, 2008). This susceptibility map is not regulatory. 
When new information regarding factors that affect landslide susceptibility becomes available or when new landslides occur, the map 
may be updated. Therefore, it is possible that susceptible areas within the map area were not identified and that landslides occurred 
after the map was prepared. 

This shallow-seated susceptibility map was prepared by combining three factors: 1) calculated factor of safety (FOS), 2) landslide 
inventory data, and 3) buffers of the previous two factors. The factor of safety was calculated using a water table at the ground surface. 
The landslide inventory data were taken from the accompanying inventory map (Plate 1). The combinations of these factors comprise 
the relative susceptibility hazard zones: high, moderate, and low. The landslide data are displayed on top of a base map that consists of 
an orthorectified aerial photograph overlain on the lidar data derived digital elevation model. For additional detail on how this map was 
developed, see Burns (2008) or the accompanying text report. 

This susceptibility map is intended to provide users with relative hazard information regarding shallow-seated landslide susceptibility 
within this area. The map cannot replace site-specific engineering geologic and geotechnical investigations. It is intended that this map 
will provide useful information to guide regional and site-specific investigations for future developments, to assist in regional planning, 
and to reduce risk in areas where moderate and high hazards intersect vulnerable population. 

Factor of Safety (FOS) Map: The 
mechanics of slope stability can be 
divided into two forces: driving forces 
and resisting forces. These forces are a 
function of the material properties and 
the geometry of the slope. These two 
forces oppose each other, and slope 
stability can be thought of as their 
ratio. 

Resisting Forces Factor of 
Safety 

= 
Driving Forces 

 

Thus a ratio greater than 1 indicates a 
stable slope because the resisting 
forces are greater than the driving 
forces. A ratio less than 1 indicates an 
unstable slope because the driving 
forces are greater than the resisting 
forces. A critically stable slope has a 
ratio equal to roughly 1. Because all 
the conditions present within a slope 
cannot be accounted for, Senneset 
(1996) recommends that slopes with a 
factor of safety of less than 1.5 be 
considered potentially unstable. 

The factor of safety was calculated 
using the infinite slope equation. 
Conservative parameters and 
saturated water conditions were used 
so that a “worst case” scenario could 
be evaluated. This map uses color to 
show the change in the factor of safety 
across the map as explained below. 

Landslide Inventory: This map is 
an inventory of existing landslides in 
this quarter quadrangle (see 
accompanying landslide inventory 
map, Plate 1). This inventory map was 
prepared by compiling previously 
mapped landslides from published 
geologic and landslide mapping, 
analyzing lidar-based geomorphology, 
and examining aerial photographs. 
Each landslide was also attributed 
with classifications for activity, 
landslide features, depth of failure, 
confidence of interpretation, and 
movement type (Burns and Madin, 
2008). The map uses color to show 
different landslide features across the 
map as explained below. 

Inventory

Buffer for Head Scarps: This buffer 
was applied to all head scarps from 
the landslide inventory (Plate 1). The 
buffer consists of a 2:1 horizontal to 
vertical distance (2H:1V). This buffer 
is different for each head scarp and is 
dependent on head scarp height. For 
example, a head scarp height of 2 m 
(6.5 ft) has a 2H:1V buffer equal to 4 
m (13 ft) (Block diagram modified 
after Highland, 2004). 

The shallow-seated landslide susceptibility map was developed following an established protocol (Burns, 2008) with input from many 
sources, along with expertise gained from years of experience. Several limitations are worth noting and underscore that this hazard 
map is useful for regional applications but should not be used as an alternative to site-specific studies in critical areas.  

1) Although it is possible to check for errors in the GIS and tabular database, it is not feasible verify all original input data. 

2) As discussed above, the protocol to develop shallow-seated landslide susceptibility maps is based on three primary factors: a) 
calculated factor of safety, b) landslide inventory, and c) two buffers. These factors can affect the level of detail and accuracy of the 
final susceptibility map. For example: 

a. The landslide inventory data have limitations that are discussed in the lidar-based landslide inventory mapping protocol 
(Burns and Madin, 2008). 

b. Calculation of the factor of safety has two limitations worth noting: 

i. One of the limitations of the use of the infinite slope equation for regional stability analysis is due to the nature of the 
type of analysis, called grid based analysis. In this type of analysis, the calculations are done on an individual grid cell at 
a time without regard for the adjacent grids. The results sometimes underestimate or overestimate the level of stability 
for a certain area. To reduce underestimation of potentially unstable areas), buffers were developed. However, 
overestimation of potentially unstable areas remains a problem. The primary result that is overestimation is likely due to 
the high resolution of the lidar-derived DEM. Very small areas (even as small as 3 ft by 3 ft) are identified as potentially 
unstable. For example, in areas of otherwise low relief, noise in the lidar topographic data due to low vegetation or other 
factors may introduce very small areas of apparent moderate hazard where there is actually none. These areas should be 
verified in the field as necessary. 

ii. The second limitation to the factor of safety calculations is the accuracy and resolution of the input data (geology, depth 
to failure surface, groundwater, and slope angle). All four datasets can have substantial effects on the final calculations. 

c. The two buffers can lead to underestimation or overestimation of the potentially unstable areas. 

3) The GIS database is a “snapshot” view of the current data; new information regarding landslides may be found and new landslides 
may occur. 

4) Because the lidar-based digital elevation model (DEM) is only a model of elevation, it does not distinguish elevation changes that 
may be due to the construction of structures like retaining walls. Because it would require extensive field work to locate all of these 
existing structures and remove them or adjust the material properties in the model, they have been included as a conservative 
approach and therefore must be examined on a site-specific basis. 

5) Some landslides and slopes have been mitigated. Because it is not feasible to collect detailed site-specific information on every 
landslide or slope (for example if it has been mitigated and what level of mitigation was implemented) mitigation has been omitted.  

Because of these limitations this map is intended for regional purposes only and cannot replace site-specific investigations. However, 
the map can serve as a useful tool for estimating the regional landslide hazard and as a starting point for future detailed site-specific 
maps. Please contact DOGAMI if errors and/or omissions are found so that they can be corrected in future versions of this map. 

Acknowledgements: Funding for this project was provided through a grant by Washington County Land Use and Transportation, 
Planning Division, with additional funds from the State of Oregon. We thank DOGAMI staff who helped work on this project through 
technical assistance, review, and general aid. 

IMPORTANT NOTICE 
This map depicts landslide susceptibility zones on the basis of 
limited data. The susceptibility zones were created following the 
protocol defined by Burns (2008). This map cannot serve as a 
substitute for site-specific investigations by qualified practitioners. 
Site-specific data may give results that differ from those shown on 
this map. 

Burns, W. J., 2008 manuscript in preparation, Lidar-based shallow-seated landslide susceptibility mapping protocol, Oregon 
Department of Geology and Mineral Industries 

Burns, W. J., and Madin, I. P., 2008 manuscript in preparation, Lidar-based landslide inventory mapping protocol, Oregon Department 
of Geology and Mineral Industries 

Highland, L., compiler, 2004, Landslide types and processes, U.S. Geological Survey Fact Sheet 2004-3072 (ver. 1.1), 4 p. 

Senneset, K., 1996. Landslides, Proceedings of the Seventh International Symposium on Landslides: Trondheim, Norway, A.A. 
Balkema, p. 337–380. 

Figure 11. Shallow-seated landslide susceptibility map (facsimile of Plate 2 of this report) of the 
southwest quarter of the Beaverton quadrangle, Washington County, Oregon.
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4.3 Deep-seated landslide susceptibility

With the lidar-based landslide inventory and several 
other data sets, we created a deep-seated (depth greater 
than 15 ft [4.5 m]) susceptibility map using four main 
components (Burns, 2008b): 

•	 deep-seated landslide inventory
•	 buffers
•	 geologic units and slope angles
•	 combination of the previous three factors into 

final susceptibility hazard zones
All deep-seated slides, flows, and spreads were que-

ried out of the lidar-based landslide inventory database 
and saved to a separate GIS file.

Many deep-seated landslides move repeatedly over 
hundreds or thousands of years, and many times the 
continued movement is through retrogressive failure 
or progressive upslope failure of the head scarp. To 
account for this potential upslope hazard, we applied a 
buffer to all mapped deep-seated landslide deposits as 
shown in Figure 12.

Because there are many unknowns involved with 
regional susceptibility models, we also applied a 2H:1V 
buffer on all landslide head scarps as shown in Figure 13. 

These two buffers were applied to all head scarps 
from the deep-seated landslide inventory. In all cases 
the greater of the two buffers was used.

Head Scarp (HS)

Horizontal 
Distance
(HS-IS1)

 
IS1-IS2

HS-IS1

Horizontal 
Distance
(IS1-IS2)

 

?

?

Deep-Seated
Head Scarp

Setback
=

?

Average Horizontal 
Distance of HS-IS1, 

IS1-IS2, etc.

Potential
Future
Failure
Plane

Internal Scarp (IS)

Block DiagramCross-Section (profile)

Head Scarp
 Buffer

Figure 12. Head scarp retrogression buffer. 
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Figure 13. Head scarp buffer.
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The last component in the deep-seated susceptibility 
model is a combination of four factors:

•	 susceptible geologic units or units that contain 
identified deep-seated landslides from the inven-
tory 

•	 slope angles greater than 10 degrees
•	 relative proximity to identified deep-seated  

landslides from the inventory
•	 educated judgment of the mapper
First, we set up a generalized geologic map overlain 

with slopes greater than 10 degrees (Figure 14). These 
two data sets, along with the other two factors (proxim-
ity and judgment), were used to create the boundary 
between the moderate and low deep-seated landslide 
susceptibility zones. A slope angle of 10 degrees was 
selected on the basis of the lowest measured slope in 
the landslide inventory database. 

We followed the lidar-based deep-seated landslide 
susceptibility mapping protocol (Burns, 2008b) to 
create the moderate and low deep-seated susceptibil-
ity hazard zones. This map uses color to show different 
geologic units and slopes across the map.

To create the final deep-seated landslide hazard 
zones, we combined several of the contributing factors 
(Table 4).

The lidar-based deep-seated landslide susceptibility 
data (LSdeep-suscept.shp; these GIS files are provided 
as part of this publication) are presented on a 1:8,000-
scale map (Plate 3; see facsimile in Figure 15). The sus-
ceptibility zones were created following the protocol 
defined by Burns (2008b). This map cannot serve as a 
substitute for site-specific investigations by qualified 
practitioners. Site-specific data may give results that 
differ from those shown on this map. Several other lim-
itations are listed on Plate 3. 

5.0  RESULTS AND DISCUSSION

We used a lidar-based landslide inventory mapping 
protocol (Burns and Madin, 2008) to create a landslide 
inventory of the southwest quarter of the Beaverton, 
Oregon, topographic quadrangle. Ninety-eight land-
slide deposits were located. Forty-seven of these are 
within the WBMPA. Eighty-three of these were clas-
sified as shallow, nine as deep, and six as debris flow 
deposits. The average prefailure slope angle is 28 
degrees. The average landslide area is roughly 20,000 
ft2 (1850 m2), which is approximately the size of a foot-
ball field. The average depth of failure for the shallow-

seated landslides is 8.5 ft (2.6 m), and the average depth 
of failure for the deep-seated landslides is 26 ft (7.9 m).

We used a lidar-based shallow-seated landslide sus-
ceptibility mapping protocol (Burns, 2008a) to create 
a shallow-seated landslide susceptibility map of the 
southwest quarter of the Beaverton quadrangle. The 
area of the southwest quarter of the quadrangle is 
roughly 13 mi2 (37 km2); 2.0 mi2 (5.2 km2)of the total 
are classified as highly susceptible to shallow-seated 
landslides, 6.5 mi2 (16.3 km2) as moderately susceptible 
to shallow-seated landslides, and 4.7 mi2 (12.2 km2) as 
less susceptible to shallow-seated landslides.

We used a lidar-based deep-seated landslide sus-
ceptibility mapping protocol (Burns, 2008b) to create 
a deep-seated landslide susceptibility map of the south-
west quarter of the Beaverton quadrangle. The area of 
the southwest quarter of the quadrangle is roughly 13 
square miles; 0.03 square miles of the total 13 are classi-
fied as highly susceptible, 2.5 square miles as moderate-
ly susceptible, and 10.5 square miles as less susceptible 
to deep-seated landslides.

As previously discussed, we developed the landslide 
inventory and shallow-seated susceptibility maps with 
input from many sources and expertise gained from 
years of experience; however, several limitations under-
score that these maps are designed for regional applica-
tions and should not be used as an alternative to site-
specific studies in critical areas. These limitations are 
described in detail on Plates 1–3.

Note about the base map on the map plates. 

The base map I developed for the map plates is an unusual 
approach. Because others may want to use this technique, I 
include a short description of how I developed it. 

The base consists of two layers: a hillshade image and 
an aerial photograph image. I created the hillshade image 
by transforming the original digital elevation model (DEM) 
using the “hillshade” tool in the Spatial Analysis Extension 
of ArcGIS 9.2. The DEM was first multiplied by 5 times 
(vertical exaggeration) prior to the hillshade image creation 
to enhance slope areas. The settings in the “hillshade” tool 
include a sun angle at 315 degrees and at 45 degrees from 
the horizontal. I applied a transparency of 40% to this layer.

I used 2005 statewide orthorectified images to create the 
aerial photo layer. I changed the images from an RGB com-
posite (multi-color) to a stretched color ramp from white 
to black (i.e., grayscale). Again, I applied a transparency of 
45% to this layer.

Finally, I grouped the two layers with the hillshade image 
on top of the orthophoto image and applied a brightness 
of 20%.
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Figure 14. Generalized geologic map of the southwest quarter of the Beaverton quadrangle, Washington 
County, Oregon, overlain with slopes greater than 10 degrees and identified deep-seated landslides.

Table 4. Final hazard zone matrix for deep-seated landslides.
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Contributing Factors
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Deep-Seated Landslide Susceptibility Map of the Southwest Quarter 
of the Beaverton Quadrangle, Washington County, Oregon
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The map depicts susceptibility to deep-seated landslides for this area. For the purpose of this map, deep-seated landslides are defined as 
those with a depth to the failure plane of greater than 4.5 m (15 ft) (Burns, 2008). This susceptibility map is not regulatory. When new 
information regarding factors that affect landslide susceptibility becomes available or when new landslides occur, the map may be 
updated. Therefore, it is possible that susceptible areas within the map area were not identified and that landslides occurred after the 
map was prepared. 

This deep-seated susceptibility map was prepared by combining three factors: 1) landslide inventory data (shown on Plate 1), 2), head 
scarp buffers, and 3) geologic units and slope angles. The combinations of these factors comprise the relative susceptibility hazard 
zones: high, moderate, and low. The deep-seated landslide susceptibility data are displayed on top of a base map that consists of an 
orthorectified aerial photograph overlain on a lidar data derived digital elevation model. For additional detail on how this map was 
developed, see Burns (2008) or the accompanying text report. 

This susceptibility map is intended to provide users with relative hazard information regarding deep-seated landslide susceptibility 
within this area. The map cannot replace site-specific engineering geologic and geotechnical investigations. It is intended that this map 
will provide useful information to guide regional and site-specific investigations for future developments, to assist in regional planning, 
and to reduce risk in areas where moderate and high hazards intersect vulnerable population. 

Landslide Susceptibility Zones: This map uses color to show the relative degree of hazard. Each zone is a combination of several 
factors.  

 

HIGH: High susceptibility to deep-seated landslides.  

 

MODERATE: Moderate susceptibility to deep-seated landslides.  

 

LOW: Low susceptibility to deep-seated landslides.  

Landslide Deposits (from landslide inventory)

IMPORTANT NOTICE 
This map depicts landslide susceptibility zones developed on the 
basis of limited data. The susceptibility zones were created 
following the protocol defined by Burns (2008). This map cannot 
serve as a substitute for site-specific investigations by qualified 
practitioners. Site-specific data may give results that differ from 
those shown on this map. 

Base Map:

Elevation data from Oregon Lidar Consotrium, 2007. Digital elevation model 
(DEM) consists of a 3-foot by 3-foot elevation grid with hillshade sunangle at 
315 degrees at a 45 degree angle from horizontal. Orthophoto is from Oregon 
Geospatial Enterprise Office, 2005 and consists of 2005 orthophoto draped over 
DEM with transparency.

For copies of this publication contact:
Nature of the Northwest Information Center

800 NE Oregon Street, #5, Ste. 177
Portland, Oregon 97232

telephone (503) 872-2750
http://www.naturenw.org

PLATE 3

Partial funding provided by Washington County (Project 100075, PO 141319)

Each landslide susceptibility hazard zone shown on this map was developed according to a classification scheme that uses a number of 
specific factors. The classification scheme was developed by the Oregon Department of Geology and Mineral Industries (DOGAMI) 
(Burns, 2008). The symbology used to display these hazard zones is explained below. 

Landslide Inventory: This map 
displays a subset of the landslide 
inventory containing only the deep-
seated landslide deposits and head 
scarps in this area (see accompanying 
landslide inventory map, Plate 1). 
This inventory map was prepared by 
compiling previously mapped 
landslides from published geologic and 
landslide mapping, analyzing lidar-
based geomorphology, and examining 
aerial photographs. Each landslide 
was also attributed with 
classifications for activity, landslide 
features, confidence of interpretation 
depth of failure, and movement type 
(Burns and Madin, 2008). The map 
uses color to show different landslide 
features across the map as explained 
below. 

Geologic Units and Slope Angles: 
This map is a generalized geologic 
map that also shows areas where slope 
is greater than 10 degrees. This map 
uses color to show different geologic 
units and slopes across the map. 

Using educated judgment, the author 
combined three subfactors to create 
this hazard zone contributing factor: 

1) Susceptible geologic units or 
units that contain deep-seated 
landslides in the inventory.  

2) Relative proximity to identified 
deep-seated landslides from the 
inventory. 

3) Slope angles greater than 10 
degrees. 

The results of this third contributing 
factor were used to create the 
boundary between moderate and low 
hazard zones for deep-seated landslide 
susceptibility.  

Landslide Head Scarps

Buffer for Head Scarps: This buffer 
was applied to all head scarps from 
the landslide inventory. In most cases 
the first buffer results in the 
minimum buffer distance and the 
second buffer (described below) results 
in the maximum buffer distance. In all 
cases the greater of the two values 
was used. 

The first buffer consists of a 2:1 
horizontal to vertical distance (2H:1V). 
This buffer is different for each head 
scarp and is dependent on head scarp 
height. For example, a head scarp 
height of 2 m (6.5 ft) has a 2H:1V 
buffer equal to 4 m (13 ft) (Block 
diagram modified after Highland, 
2004)..  

The second buffer is different for each 
head scarp and is dependent on the 
average of the horizontal distance 
between internal scarps. For example, 
an average horizontal distance of 50 m 
(150 ft) has a 2H:1V buffer equal to 
100 m (300 ft). 

The deep-seated landslide susceptibility map was developed following an established protocol that incorporates several types of data 
(Burns, 2008). Several limitations are worth noting and underscore that this regional hazard map is useful for regional applications but 
should not be used as an alternative to site-specific studies in critical areas.  

1) Although it is possible to check for errors in the GIS and tabular database, it is not feasible to completely verify all original input 
data. 

2) As discussed above, the protocol to develop deep-seated landslide susceptibility maps is based on three primary factors: a) landslide 
inventory, b) head scarp buffers, and c) additional factors. These factors can affect the level of detail and accuracy of the final 
susceptibility map. Because the maps are based on a subjective combination of factors, all of which have inherent uncertainty, the 
resultant hazard zones also have uncertainty. For example: 

a) The landslide inventory data have limitations that are discussed in the lidar-based landslide inventory mapping protocol 
(Burns and Madin, 2008). 

b) Calculation of head scarp buffers is limited based on head scarp height (first buffer) and an average of the horizontal widths of 
previous or downslope blocks (second buffer). It is assumed that most large deep-seated landslides have the potential to fail 
retrogressively upslope; however, this is not always the case. 

c) Using educated judgment, the author combined three subfactors: susceptible geologic units, slope angles greater than 10 
degrees, and relative proximity to identified deep-seated landslides to create the third hazard zone matrix factor. Because this 
estimate is based on visual overlap of these subfactors, the accuracy and resolution of the output data can be substantially 
overestimated or underestimated.  

3) The GIS database is a “snapshot” view of current data; new information regarding landslides may be found and new landslides 
may occur. 

4) Because the lidar-based digital elevation model (DEM) is only a model of elevation, it does not distinguish elevation changes that 
may be due to the construction of structures like retaining walls. Because it would require extensive field work to locate all of these 
existing structures and determine the stability of each individual structure, these potential structures have been assumed to be 
slopes as a conservative approach and therefore must be examined on a site-specific basis. 

5) Some landslides and slopes have been mitigated. Because it is not feasible to collect detailed site-specific information on every 
landslide or slope (for example, if it has been mitigated and what level of mitigation was implemented), mitigation has been 
omitted.  

Because of these limitations this map is intended for regional purposes only and cannot replace site-specific investigations. However, 
the map can serve as a useful tool for estimating the regional landslide hazard and as a starting point for future detailed site-specific 
maps. Please contact DOGAMI if errors and/or omissions are found so that they can be corrected in future versions of this map. 

Burns, W. J., and Madin, I. P., 2008 manuscript in preparation, Lidar-based landslide inventory mapping protocol, Oregon Department 
of Geology and Mineral Industries. 

Burns, W.J., 2008 manuscript in preparation, Lidar-based deep-seated landslide susceptibility mapping protocol, Oregon Department of 
Geology and Mineral Industries. 

Highland, L., compiler, 2004, Landslide types and processes, U.S. Geological Survey fact sheet 2004-3072 (ver. 1.1), 4 p. 
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Figure 15. Deep-seated landslide susceptibility map (facsimile of Plate 3 of this report) of the 
southwest quarter of the Beaverton quadrangle, Washington County, Oregon.
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Landslide Hazard Maps, SW Quarter of the Beaverton Quadrangle, West Bull Mountain Planning Area, Washington County, Oregon

6.0  RECOMMENDATIONS

These maps are intended to provide users with basic 
information regarding landslides and susceptibility to 
shallow-seated landslides within the mapped area. The 
maps contain useful information to guide site-specif-
ic investigations for future development, to assist in 
regional planning and development, to mitigate exist-
ing landslides and slopes, and to prepare for emergency 
situations, such as storm events and earthquakes. 

We reiterate that this database is not appropriate for 
site-specific evaluations, but it is valuable for regional 
screening for landslides and selection of appropriate 
areas on which to focus site-specific studies. The data-
base is particularly suitable for incorporation and into 
regional GIS databases for a multitude of purposes. 
These include but are not limited to city and county 
hillside development ordinances, issuance of building 
permit conditions, public works planning and opera-
tions, and environmental and sustainability issues.

7.0  ACKNOWLEDGEMENTS

Funding was provided by the Washington County Land 
Use and Transportation Department, Planning Divi-
sion (intergovernmental agreement with Washington 
County, project 100075, purchase order 141319), with 
additional funds from the State of Oregon. I thank 
DOGAMI staff who helped with this project through 
technical assistance, review, and general aid, especially 
Yumei Wang, Ian Madin, and Deb Schueller.

8.0  REFERENCES

Burns, W. J., 1999, Engineering geology and relative 
stability of the southern half of Newell Creek 
canyon, Oregon City, Oregon: Portland State Uni-
versity, Department of Geology, M.S. thesis, 143 
p., 3 plates.

Burns, W. J., 2008a, Lidar-based shallow-seated land-
slide susceptibility mapping protocol: Oregon 
Department of Geology and Mineral Industries, 
in preparation.

Burns, W. J., 2008b, Lidar-based deep-seated landslide 
susceptibility mapping protocol: Oregon Depart-
ment of Geology and Mineral Industries, in prepa-
ration.

Burns, W. J., and Madin, I. P., 2008, Lidar-based land-
slide inventory mapping protocol: Oregon Depart-

ment of Geology and Mineral Industries, in prepara-
tion.

Burns, S. F., Burns, W. J., James, D. H., and Hinkle, J. C., 
1998, Landslides in the Portland, Oregon, metro-
politan area resulting from the storm of February 
1996: Inventory map, database, and evaluation: 
Portland State University, Department of Geology, 
report to Metro, contract 905828, 68 p.

Burns, W. J., Madin, I. P., and Ma, L., 2008, State-
wide landslide information database for Oregon 
(SLIDO), release 1. [Web: http://www.oregon
geology.org/slido/]

Cornforth, D. H., 2005, Landslides in practice: Inves-
tigation, analysis, and remedial/preventative 
options in soils: Hoboken, N.J., John Wiley and 
Sons, Inc., 596 p.

Denning, C., 1994, Fundamental stress-stain relation-
ships, in Hall, D .E., Long, M. T., and Remboldt, 
M. D. eds., Slope stability reference guide for 
National Forests in the United States, Forest Ser-
vice Publication EM-7170-13: Washington, D. C., 
United States Department of Agriculture, v. II, p. 
331–343.

Harp, E. L., Michael, J. A., and Laprade, W. T., 2006, 
Shallow-landslide hazard map of Seattle, Wash-
ington, U.S. Geological Survey Open-File Report 
2006-1139, 20 p.

Hofmeister, R. J., 2000, Slope failures in Oregon: GIS 
inventory for three 1996/97 storm events: Oregon 
Department of Geology and Mineral Industries 
Special Paper 34, 20 p.

Hofmeister, R. J., Miller, D. J., Mills, K. A., Hinkle, J. C., 
and Beier, A. E., 2002, GIS overview map of poten-
tial rapidly moving landslide hazards in western 
Oregon: Oregon Department of Geology and 
Mineral Industries Interpretive Map Series IMS-
22, 52 p.

Madin, I. P., 1990, Earthquake hazard geology maps of 
the Portland metro area, Oregon Department of 
Geology and Mineral Industries Open-File Report 
O-90-02.

Madin, I. P., 2004, Geologic mapping and database for 
Portland area fault studies: Final report, Clacka-
mas, Multnomah, and Washington Counties, 
Oregon: Oregon Department of Geology and 
Mineral Industries Open-File Report O-04-02.

Sidle, R. C., and Ochiai, H., 2006, Landslides: processes, 
prediction, and lands use, Water Resources Mono-
graph 18: Washington, D.C., American Geophysi-
cal Union, 312 p.

http://www.oregongeology.org/slido/
http://www.oregongeology.org/slido/

	Title page

	Disclaimer

	Table of Contents

	1.0 Executive Summary

	2.0 Significance of the Problem
	3.0 Purpose and Scope
	4.0 Creation of the Hazard Maps
	4.1 Lidar-based landslide inventory
	4.2 Shallow-seated landslide susceptibility
	4.3 Deep-seated landslide susceptibility

	5.0 Results and Discussion
	5.0 Recommendations
	6.0 Acknowledgements
	7.0 References


