
Left: Aerial photo dated from 1997 of two debris flows (shorter, near-vertical linear features) transporting debris down a 
watercourse (longer horizontal linear feature). Landslides that have a high degree of vegetation loss generally have the 
appearance of a higher delivery percentage of the original landslide volume. This landslide was estimated to have delivered 
about 80% of its original landslide volume during the assessment of aerial photographs, and was calculated to have delivered 
about 70% of its original landslide volume using field measurements.
Right: Aerial photo dated from 2010 of the same debris flows. The dense vegetation cover has grown on the landslides over 
the timeframe of thirteen years. The regrowth of vegetation on landslides makes it more difficult to pinpoint not only the 
relative percentage of the original landslide volume that has delivered, but the overall extents and sizes of the landslides 
when they first occurred. When available, aerial photos from each decade should be reviewed for landslide inventories in 
order to accurately characterize and map landslides from the aerial photo record.
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Abstract
Landslides are prevalent sculptors of the landscape within the Coast Ranges of Northern California. They are a naturally 
occurring process and can be exacerbated as a result of land uses such as forest management activities. Landslides have the 
potential to contribute large amounts of sediment to streams, which can result in the degradation of aquatic habitat. 
Identifying, mapping and mitigating landslides and landslide prone areas are essential components of current timber harvesting 
plans (THPs) implemented on Green Diamond Resource Company (GDRCo) property in order to comply with our Aquatic 
Habitat Conservation Plan (AHCP).

Aerial photography is commonly used to remotely identify landslides. A more comprehensive method involves field mapping 
and verification and, where available, utilizes LiDAR (Light Detecting And Ranging) digital elevation models. As part of THP 
preparation and a mass wasting assessment project associated with GDRCo’s AHCP, staff geologists have been conducting 
landslide inventories utilizing a combination of aerial photography and field-based surveys. We evaluated the differences in 
landslide detectability, erosion, and estimates of sediment delivery. The number of landslides discovered during field surveys 
was nearly seven times higher than those observed using aerial photography when surveying the same area. The field 
identified landslides, although generally smaller than those observable in aerial photographs, account for over half of the total 
volume of sediment that delivered to streams. We also evaluated different methodologies in estimating the amount of sediment 
that delivered from the landslide to the adjacent watercourse. We found that the rapid-assessment of using ocular delivery 
estimates made during field surveys were, on average, much closer to calculated delivery estimates made from detailed 
cross-sectional field measurements than those estimated from aerial photography. It is important to note that ocular field 
estimation requires some degree of experience and calibration with the detailed cross-sectional field measurements to achieve 
consistent and accurate estimates.

In our review of landslide data collected from aerial photography and in the field, we have found that a combination of aerial 
photo interpretation and field verification provides a higher level of accuracy and resolution in estimating erosion and 
sediment delivery.
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By using LiDAR with aerial photography, we can estimate the size of landslides and 
the relative percent of the landslide’s total volume that has delivered to a particular 
watercourse. However, the volume of the source area and remaining volume of slide 
debris still on the slope can be calculated by sketching a topographic profile taken 
from field measurements. The length, width and depth of the source area and slide 
debris are measured in the field to calculate sediment delivery.  The formula for 
volume of half an ellipse (Volume = π/6 × L × W × D) (Cruden and Varnes, 1996) is 
used for calculation of both the material originally on slope and slide debris still 
remaining on the slope.  By subtracting the two we obtain the volume of sediment 
that has delivered to the associated watercourse.  Sketching topographic profiles also 
allow for far more accurate estimates of relative delivery percentages.
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Ocular estimates of the relative percentage of the total 
landslide mass that delivered to a watercourse were found to 
be more accurate than estimates made from aerial 
photography. We determined this by comparing the differences 
between aerial photography delivery percentage estimates and 
ocular deliver percentage estimates with calculated delivery 
percentages for each landslide and averaging the values. When 
reviewing these two values, we determined that our ocular 
delivery percentage estimates were closer to the calculated 
delivery percentages than our estimates made from aerial 
photography. Our ocular estimates were on average within 8 
percent of the calculated delivery percentage whereas the 
estimates from aerial photography deviated from the calculated 
percentages by an average of 21 percent. It should be noted 
that our aerial photography, LiDAR interpretation and field 
estimates accounted for the relative percentage of sediment 
delivered per landslide. Actual volumes of sediment delivered  
were calculated and based on field measurements.

Although the landslides found in the field tended to be smaller on average than those detected from remote sensing techniques, 
we found nearly seven times as many during our field work than using aerial photography or LiDAR interpretation.  In total, we 
field surveyed and collected measurements on over 3,000 landslides, including those found in aerial photography and LiDAR.  
By using our detailed cross-sectional measurements we generated sediment delivery volumes, and discovered that the slides 
found in the field which could not be observed in aerial photography accounted for over half of the sediment delivered by 
landslides to watercourses. 
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Landslide Mapping

LiDAR and aerial photography are excellent tools when conducting landslide inventories that rely only on remote sensing. 
However, we’ve found that when using only this method, both the number of landslides and the cumulative sediment 
delivery volumes are grossly underestimated. Field surveying is an essential component to obtaining a comprehensive 
understanding of both naturally occurring landslides and human activity induced landslides on the landscape.  Many 
landslides cannot be seen in aerial photography due to vegetation cover, which is often why we found slides in the field but 
not through remote sensing techniques.  Due to the varying depths of landslides, field measurements also provided a higher 
degree of accuracy when analyzing sediment delivery volumes and delivery percentages.  By drawing detailed topographic 
profiles using measurements taken in the field, we can more accurately estimate the depth of the slide source area and 
remaining slide debris, which allows us to calculate sediment delivery volumes and percentages.  These detailed 
measurements are not as easily obtained from remote sensing techniques, and are often not as reliable as field 
measurements. The scientists collecting more accurate information in the field make a significant impact on the data and 
thus allow for a more comprehensive approach to landslide inventories.
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Landslide Data Analysis

Some components of landslide complexes can be 
detected from aerial photography, such as the 
active earth and debris flow portion visible as 
vegetation loss in the image to the left; however, 
the full extent of movement is not always 
apparent from remote sensing. By conducting 
field surveys, we can more accurately measure 
the extent of landslide activity and detect more 
subtle movements that may not result in 
extensive vegetation loss. From our field 
measurements, the volume and percentage of 
sediment delivered to watercourses can be 
calculated.

Landslide Movement: More Than Meets the Eye

Left: Measuring landslide dimensions with tape measures in 
the field in order to more accurately represent slope failures.  
By using tape measures and inclinometers, geologists can 
construct detailed cross-sectional profiles which can be used to 
calculate sediment delivery.

Right: Boots (and paws) on the ground during field verification of a 
landslide. The landslide was found to extend higher than the unvegetated 
portion extent seen in aerial imagery. Field measurements were also taken 
in order to characterize the landslide and estimate sediment delivery more 
accurately.

Field Surveys of Landslides

Summary


