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This study aims to determine the different factors that affect landslide 

formation and how to map them in order to create a landslide hazard 

density map. The research project specifically examines the regions of 

land along route Route 27 in Costa Rica because of its high landslide 

potential and its ability to negatively impact road infrastructure and 

contribute to traffic jams. At the 45km mark of Route 27, there is a 

slow-moving landslide that is being monitored but is causing fractures 

and structural damage to the route. We predict that our hazard density 

map will be able to recognize and distinguish the current landslide 

occurring at 45km using GIS tools like Surfer, Global Mapper, and 

LiDAR imaging. LiDAR is an instrument that uses a laser and GPS to 

measure distances to the Earth and the current preliminary data that we 

have on section 45 indicates that the LiDAR images are in conjunction 

with the slope angles of the terrain and are able to differentiate this area 

from the rest as a landslide hazard potential. By being able to identify 

areas where landslides are more likely to occur given the relevant 

geographical and geological information, we have created resource to 

evaluate the likelihood of landslides. If certain areas are showing to be 

problematic, early intervention could be able contain a problem and 

prevent the destruction of a major road or bridge.

• We acquired LiDAR images of the full route and transferred them it into 

Global Mapper in order to work with the data.

• Moving the LiDAR data into the Surfer GIS software enabled us to see

land contours and find slope quantities of the terrain. Surfer performs calculus

calculations on each pixel of the image to produce the slope.

• In Global Mapper we organized the LiDAR images by dividing the route 

into 1𝑘𝑚2 blocks which we subsequently used to analyze the geographical characteristics,

either by overlaying or comparing it to our surfer calculated slopes, we

could identify and mark areas that were landslides or likely to produce landslides 

in each block. To distinguish these areas, we used our knowledge on what emerging

or current landslides visually look like as well as considered factors that increase the

likelihood of landslide formation, like steep slopes, stability of rocks and soils from the

geology, and water sources being present or absent in the environment. 

• The middle of each 1𝑘𝑚2 block has a latitude and longitude coordinate which serves as 

our X and Y coordinates respectively. The number of areas we marked as a landslide, 

per block, becomes our Z coordinates. Organizing the X, Y, Z coordinates into a spreadsheet

and importing this data into Surfer then yields a landslide hazard density map.

By being able to identify areas where landslides are more likely to occur given 

the relevant geographical and geological information, we aim to provide the 

government with a viable and useful landslide prevention tool. If certain areas 

are showing to be problematic, early intervention could be able contain a 

problem and prevent the destruction of a major road or bridge. We hope this 

methodology of creating hazard maps will be applied to similar problematic 

areas both in Costa Rica and in other countries. 

• The map illustrates that regions with higher elevations and steeper slopes, which are towards the              

center of the route, tend to have more landslide potential; there are more red and orange areas here.          

The left side of the map is more likely to have lower elevations as it approaches sea level, but still has 

landslide potential because there are more water sources present. 

• Marking landslides is subjective work since it is dependent on the observer’s judgement, after studying 

and cross-checking information, on whether or not there is a landslide present.  

• Km 45 which we already know is a problematic area also appears in the high hazard zone, encircled in 

yellow on Figure 7, which gives us feedback on how accurate our map is to the actual terrain. 
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Figure 4: LiDAR images of route 27 in Global 

Mapper with 1 𝑘𝑚2 sections and encircled landslide 

areas.

Figure 5: example of 

slope angles on surfer

Figure 3: on-site route 27, km 45. 

Figure 7: landslide hazard density map of route 27 created with Surfer. 

Certain areas in Costa Rica are more prone to landslides because of 

geological, climate, and manmade conditions. The country has a heavy 

rainy season and is surrounded by different tectonic plate boundaries 

which explains the prevalence of seismic events. Because large amounts 

of rain fall and frequent or large earthquakes act as landslide triggers 

there are increases in landslides during the rainy season. Other 

contributing factors to landslide formation include the geological 

properties of the rock, if water is present, and how steep the terrain, or 

slope, is.

Figure 1: Route 27 in relation to 

the rest of Costa Rica’s geology

Figure 2: color key shows the types 

of rocks present along Route 27

Figure 6: diagram of a rotational 

landslide with labeled parts
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