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No mapped landslides and 
has little or no factors related 
to future landslides

Acceptable to develop under general direction from a 
CEG or PE.

Acceptable to develop under general direction from a 
CEG or PE.

No mapped landslides but has 
some landslide factors 
including: 2:1 scarp/flank 
buffer (prehistoric)

No mapped landslides but has 
some landslide factors 
including: 1:1 scarp/flank 
buffer (historic) and/or 
shallow FOS <1.25

Is a mapped landslide and has 
evidence of movement at 
least once in the last ~150 
years

Is a mapped landslide but has 
no evidence of movement in 
the last ~150 years

Is a mapped landslide and has 
evidence of movement more 
than once in the last ~100 
years

Is a mapped landslide and has 
evidence of multiple 
movements in the last ~100 
years or is currently active 

Acceptable to develop under direction from a CEG or 
PE. Detailed local slope stability analysis should be 
performed prior to development. Development should 
be done so that there is greater stability post 
development.

Caution should be taken if considering development in 
these areas. Develop only under direction from a CEG 
or PE. Detailed local slope stability analysis should be 
performed including proposed development prior to 
development. Development should be done so that 
post development ensures greater stability. 
Development in these areas is very likely going to 
require slope stabilization measures. Consider 
development with minimal infrastructure (e.g. trails) to 
reduce risk.

Caution should be taken if considering development in 
these areas.  Develop only under direction from a CEG 
or PE. Detailed local slope stability analysis should be 
performed including proposed development prior to 
development. Development should be done so that 
post development ensures greater stability. 
Development in these areas is very likely going to 
require slope stabilization measures. Consider 
development with minimal infrastructure (e.g. trails) to 
reduce risk.

Great caution should be taken if considering 
development in these areas. Develop only under 
direction from a CEG and PE. Detailed local slope 
stability analysis should be performed including 
proposed development prior to development. 
Development should be done so that post 
development ensures greater stability. Development in 
these areas is going to require slope stabilization 
measures. 

Great caution should be taken if considering 
development in these areas. Develop only under 
direction from a CEG and PE. Detailed local slope 
stability analysis should be performed including 
proposed development prior to development. 
Development should be done so that post 
development ensures greater stability. Development in 
these areas is going to require slope stabilization 
measures. 

Note: CEG stands for a certified engineering geologist which is a license required to practice in Oregon. PE stands for a 
professional engineer which is a license required to practice in Oregon. For landslide evaluation and mitigation design a 
Geotechnical Engineering (GE) is recommended.
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To make the landslide susceptibility and risk dataset, we combined several datasets and selected 
appropriate portions of published landslide susceptibility methods. The two methods we used 
portions of are Burns and Mickelson (2016) and Burns and others (2012). We used the retrogression 
zones from Burns and Mickelson (2016) to identify susceptible regions upslope of deep landslide 
head scarps. Most deep landslides tend to have a steep head scarp above the failed mass. The head 
scarp area will commonly fail retrogressively, or, a separate landslide will form above the head scarp 
because of the loss of resisting forces directly adjacent to and below the head scarp. To account for 
the increase in susceptibility of the area above head scarp, we applied a buffer around the head 
scarp-�lank polygons (Burns and Mickelson, 2016). We also used a portion of the shallow landslide 
stability calculation resulting in a factor of safety (FOS) from Burns and others (2012). The following 
datasets and methods were combined to create a landslide susceptibility map of the study area:

  The combined datasets were processed, analyzed and classi�ied into one of the landslide 
susceptibility zones in the table below. Deposit and scarp-�lank polygons created following the SP-42 
mapping approach (Burns and others, 2021) were directly incorporated into the susceptibility map. 
The polygons were classi�ied as Moderate to High if characterized as prehistoric and High if 
characterized as historic. Regions within the study area with no mapped landslide deposit were 
classi�ied as None to Low for this layer of the �inal risk map. 
    Most landslides tend to have a steep head scarp above the landslide body. The head scarp area will 
commonly fail retrogressively, or a separate landslide will form above the head scarp because of the 
loss of resisting forces directly adjacent to and below the head scarp. To account for the increase in 
susceptibility of the area above head scarp, we apply a buffer around the scarp-�lank polygons 
following the method outlined in Burns and Mickelson (2016). We classi�ied the buffer zones as None 
to Low (no landslide), Low if mapped as prehistoric, and Moderate if mapped as historic. The size of 
the buffer was also dependent on the relative age of the landslide. If classi�ied as prehistoric, a 1:1 
horizontal to vertical distance (1H:1V) buffer was applied and if classi�ied as historic, a 2H:1V buffer 
was applied. Landslide polygons from the serial orthophoto landslide inventory were also directly 
incorporated into the susceptibility map. The polygons were classi�ied as Very High, which indicates 
the landslide had moved more than once in the last ~150 years.
   When delineating shallow landslide hazard zones, one of the main factors is steepness of slope. 
Different geologic units have different material properties, and thus, will have different slopes 
susceptible to future shallow landslides. To identify areas more susceptible to future shallow 
landslides, the method calculates the slope stability FOS. A FOS > 1.0 theoretically represents a stable 
slope because the shear resistance (or strength) is greater than the shear stress. A FOS < 1.0 
theoretically represents an unstable slope because the stress is greater than the shear strength. A 
critically stable slope has a FOS = 1.0. Because it is impossible to know all the conditions present 
within a slope, most geotechnical engineers and engineering geologists recommend that slopes with 
a FOS < 1.5 be considered potentially unstable (Turner and Schuster, 1996; Cornforth, 2005). The 
approach of Burns and others (2012) is intended to delineate shallow landslide susceptibility for a 
large region, for example a county. Because the area in this study is much smaller than the intended 
use of SP-45, we modi�ied the procedure and classi�ied slopes within the geologic units as None to 
Low if the FOS is greater than 1.25, and Moderate if the FOS is less than 1.25. We used the strength 
and resulting slope angles developed in the Landslide Hazard and Risk Study of Tillamook County, 
Open-File Report O-20-13, (Calhoun and others, 2020).
     As a result of the recent lidar acquisition (2023), we consider the landslide polygons mapped using 
the lidar change dataset (2009–2023) to have all moved relatively recently (~<20 years) or to be 
currently moving. Therefore, we classi�ied all these polygons as Active. 
The �inal datasets incorporated into the landslide susceptibility map were the data collected in the 
�ield and previously mapped landslides by Pfeiffer (2016). Because all these data are of landslides 
that have moved relatively recently (~<20 years) or are currently moving (2016–2024) we classi�ied 
all these polygons as Active.
     Landslide susceptibility zones from each input dataset were combined, with the precedence going 
to the higher susceptibility zone, into a single, contiguous GIS layer, which classi�ies every portion of 
the study area into one of the seven zones. The zones were de�ined and estimates of 
landslide-recurrence movement rates established. Additionally, recommendations for future 
development were added to each of the zones. The addition of the recommendations and the park 
infrastructure adds the risk component to the susceptibility. 
   The �inal landslide susceptibility and risk map provides de�initions of each level of susceptibility 
and risk along with an estimate of when future landslide activity may occur and recommendations 
for future development.

The Landslide Susceptibility and Risk Map Data and Methods

•  SP-42 lidar-based landslide inventory
•  Protocol for deep landslide susceptibility mapping, Special Paper 48, retrogression zone
•  Serial orthophoto landslide inventory (1939–2022)
•  Protocol for shallow-landslide susceptibility mapping, Special Paper 45, shallow landslide FOS
    susceptibility zones based on geologic units
•  Serial lidar change analysis landslide inventory (2009–2023)
•  Field-based data collection and previous landslide studies

Introduction
Oregon’s state parks are treasures that make Oregon an ideal place to live and explore. Ecola 
State Park (Ecola) is located on the northern Oregon Coast in Clatsop County between the 
cities of Seaside and Cannon Beach. Landslide hazards have plagued Ecola since its 
designation in 1932.
     The purpose of this project is to evaluate the current and future landslide susceptibility and 
risk within and surrounding Ecola to assist the Oregon Parks and Recreation Department 
(OPRD) in making decisions to reduce landslide risk, with an emphasis on roadways. 
Landslide susceptibility is the relative likelihood of the landslide hazard occurring in a certain 
portion of the study area. Landslide risk is the possibility of damage or losses to assets 
(people, infrastructure, and the environment) by the hazard. To accomplish this goal, several 
tasks were performed:

•  A new lidar topography dataset was collected in 2023.
•  The distribution of landslides was mapped throughout the park.
•  A new/updated geologic map of the park was created.
•  Existing and future landslide susceptibility was analyzed. 
•  Recommendations for future risk reduction were provided.

•  Landslide inventory: an inventory of contemporary and historic landslide activity was
    created by examining the 2023 topographic lidar dataset.

    topography during a window of time using lidar datasets (2023 and 2009). 

    spanning 1939 to 2022.
•  Geologic mapping: geologic mapping data from the region was collected, corroborated and

    robust geologic map that can be used in the development of a landslide susceptibility map
    and provide additional understanding of landslide mechanisms.

Landslide susceptibility and risk were analyzed using several methods, including:

  Finally, landslide inventories, geologic mapping data, and modern topography were 

into one of the seven susceptibility zones, from None to Low to Active susceptibility of future 
landslide activity and risk of damage and losses to existing infrastructure. Each zone includes 
an estimate of past landslide-recurrence activity (e.g., every ~50 years to 150 years) and 
recommendations for future development to reduce risk.

Landslide Susceptibility and Risk Matrix


