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5.4. 2  GROUND FAILURE  

This section provides a profile and vulnerability assessment for the ground failure hazard, including 

landslides, land subsidence, and sinkholes. 

HAZARD PROFILE  

This section provides profile information including description, extent, location, previous occurrences and 

losses and the probability of future occurrences. 

 

Description 

 

Landslide 

 

A landslide is the process that results in the downward and outward movement of slope-forming materials 

(NYS Geological Survey, Date Unknown).  Landslide materials can be composed of natural rock, soil, 

artificial fill or any combination of these materials (NYS HMP, 2011).  The materials move by falling, 

toppling, sliding, spreading, or flowing (NYS Geological Survey, Date Unknown).   

 

Landslides are caused by one or a combination of the following factors: change in slope of the terrain, 

increased load on the land, shocks and vibrations, change in water content, groundwater movement, frost 

action, weathering of rocks, and removing or changing the type of vegetation covering slopes.  Landslide 

hazard areas are where the land has characteristics that contribute to the risk of the downhill movement of 

material, such as the following: 

 

¶ A slope greater than 33-percent 

¶ A history of landslide activity or movement during the last 10,000 years 

¶ Stream or wave activity, which has caused erosion, undercut a bank or cut into a bank to cause 

the surrounding land to be unstable 

¶ The presence or potential for snow avalanches 

¶ The presence of an alluvial fan, indicating vulnerability to the flow of debris or sediments 

¶ The presence of impermeable soils, such as silt or clay, which are mixed with granular soils such 

as sand and gravel. 

 

Landslides are typically triggered by other natural hazards, such as earthquakes, heavy rain, floods or 

wildfires.  Frequency of landslides is often related to the frequency of these other hazards.  They can 

occur suddenly or slowly.  Assessing the geology, vegetation, and amount of predicted precipitation for 

an area can assist in predicting landslides.  Warning signs for landslide activity include: 

 

¶ Springs, seeps or saturated ground in areas that have not typically been wet before 

¶ New cracks or unusual bulges in the ground, street pavement or sidewalk 

¶ Soil moving away from foundations 

¶ Ancillary structures, such as decks and patios, tilting and/or moving relative to the main house 

¶ Tilting or cracking of concrete floors and foundations 

¶ Broken water lines and other underground utilities 

¶ Leaning telephone poles, trees, retaining walls or fences 

¶ Offset fence lines 

¶ Sunken or down-dropped road beds 

¶ Rapid increase in creek water levels, possibly accompanied by increased turbidity 
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¶ Sudden increase in creek water levels though rain is still failing or just recently ended 

¶ Sticking doors and windows, and visible open spaces indicating jambs and frames out of plumb 

¶ A faint rumbling sound that increases in volume as the landslide nears 

¶ Unusual sounds, such as trees cracking or boulders knocking together (USGS, 2009).  

 

Land Subsidence/Sinkholes 

 

Land subsidence can be defined as the sudden sinking or gradual downward settling of the earthôs surface 

with little or no horizontal motion, owing to the subsurface movement of earth materials (USGS, 2007).  

Subsidence often occurs through the loss of subsurface support, which may result from a number of 

natural and human-caused occurrences.  

 

Sinkholes are a natural and common geologic feature in areas with underlying limestone, carbonate rock, 

salt beds, or other rocks that are soluble in water. Over periods of time measured in thousands of years, 

the carbonate bedrock can be dissolved through acidic rain water moving in fractures or cracks in the 

bedrock. This creates larger openings in the rock through which water and overlying soil materials will 

travel. Over time, the deposited soils compromise the strength of the bedrock, until it is unable to support 

the land surface above, and a collapse or sinkhole occurs. In this example the sinkhole occurs naturally, 

but in other cases the root causes of a sinkhole are anthropogenic, especially those that involve changes to 

the water balance of an area including: over-withdrawal of groundwater, diverting surface water from a 

large area and concentrating it in a single point, artificially creating ponds of surface water, and drilling 

new water wells. These actions can also serve to accelerate the natural processes of bedrock degradation, 

which can have a direct impact on sinkhole creation.  

 

Karst is a distinctive topography in which the landscape is largely shaped by the dissolving action of 

water on carbonate bedrock (usually limestone, dolomite, or marble). Therefore, any area defined by 

Karst topography is likely to experience land subsidence, generally in the form of sink holes brought on 

by sinking soils resulting from voids below. The karst landscape in New York State stretches in a narrow 

band along the Helderberg Escarpment in Schoharie and Albany counties. These landscapes include 

typical karst characteristics such as caves and sinkhole lakes (NYS HMP, 2011). 

 

According to the NYSGS, the triggering events for subsidence in areas of karst development include 

periods of heavy precipitation and/or rapid snowmelt. Periods of flooding are associated with aggressive 

erosion, both from chemical and physical forces, and the dissolution of carbonate rock or removal of 

supporting in-filled sediments triggers new collapses. Subsidence may be initiated in mining areas by 

weakness in the roof rocks due to previous ore removal and by the process of active mining.  

 

Both natural and man-made sinkholes can occur without warning.  Slumping or falling fence posts, trees, 

or foundations; sudden formation of small ponds; wilting vegetation; discolored well water; and/or 

structural cracks in walls and floors, are all specific signs that a sinkhole is forming.  They can form into 

steep-walled holes to bowl or cone shaped depressions. When sinkholes occur in developed areas they can 

cause severe property damage, injury and loss of life, disruption of utilities, and damage to roadways. In 

urban and suburban areas, sinkholes can destroy highways and buildings.   

 

Land subsidence can also occur on areas underlain by highly organic peat and muck soils.  New 

development activity in peat soils can exceed its relatively low load bearing capacity.  The signs of failure 

can occur without warning and are similar to those listed for sinkholes. 
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Coastal Erosion 

 

According to the NYS Department of Environmental Conservation (NYS DEC) Rules and Regulations 

(6 NYCRR Part 505.2 ï Coastal Erosion Management), coastal erosion means the loss or displacement of 

land along the coastline due to the action of waves, currents, tides, wind-driven water, waterborne ice, or 

other impacts associated with storms. It also means the loss or displacement of land due to the action of 

wind, runoff of surface waters, or groundwater seepage.  The principal natural causes of erosion are wave 

action, wind action, and overland runoff groundwater seepage through intense precipitation and natural 

sorting of beach sediment through loss of fines. Other contributing factors that can significantly increase 

erosion of a natural protective feature include length of fetch (length of water over which a given wind 

has blown), wind direction and speed, wave length, height and period, nearshore water depth, tidal 

influence, increased lake or sea levels, overall strength and duration of storm events and variability in 

sediment supply to the littoral zone. Combinations of these factors and events can exacerbate the effects 

of these processes by increasing water levels, storm rise, wave run up and wind setup, producing 

damaging waves, driving ice "plates" along the shore scouring beaches and bluff areas, reducing sand 

from beaches, and allowing water and wave action further inland that intensifies erosion of dunes and 

bluffs (NYS DEC).  In addition, erosion can be exacerbated by man-made influences, such shoreline 

hardening, seawalls, groins, jetties, navigation inlets, boat wakes, dredging and other interruptions of 

physical coastal processes which reduce or interrupt longshore sediment transport.   

 

Primary forms of coastal erosion include beach erosion, dune scarping/dune erosion, overwash, and bluff 

erosion, as described below:   

 

Beach Erosion:  A beach is the accumulation of sand, gravel, silt or clay located at the transition zone 

between land and water.  Beach erosion occurs through the removal of beach sediment caused by 

wind, wave action and longshore currents, causing offshore movement of sand from the sub-

aerial beach during storms.  Beach erosion is a recurring, long-term problem and it is a precursor 

of dune erosion, dune overwash, bluff erosion, failure of shoreline protection structures and 

destruction of shoreline development.  

Dune Erosion/Scarping: A dune is a hill of sand built by wind-related or man-made processes found 

in deserts or near lakes and oceans.  Dune erosion is caused by wave-attack during a storm or a 

large swell or by wind action. This process, generally known as scarping, releases sand that was 

stored in the dune to the active beach or to the zone just landward of the dune. The influx of this 

dune sand to the active beach is often carried offshore to build temporary sand bars, which help 

attenuate incoming wave energy and can assist in post storm low profile beach recovery. 

Overwash/Washover:  Overwash/washover are terms related to the transport of sediment landward of 

the active beach, which occurs from coastal flooding during a hurricane, norôeaster or other event 

with extreme waves. Overwash occurs where the flow of water (from wave and storm surge) over 

the upper part of the beach profile causes beach sediment, to   advance over the crest of the beach, 

dune or berm and where this beach sediment does not directly return to the generating water body 

such as ocean, sea, bay or lake after water level fluctuations return to normal. There are two kinds 

of overwash: overwash by run up and overwash by inundation. Overwash begins when the run up 

level of waves, usually coinciding with a storm surge, exceeds the local beach or dune crest 

height. As the water level in the ocean rises such that the beach or dune crest is inundated, a 

steady sheet of water (called sheetwash) and sediment runs over (overwashes) the barrier. 

Washover is the sediment deposited inland of a beach by overwash. Washover can be deposited 

onto the berm crest or as far as the back barrier bay, estuary, or lagoon (USACE, 2004).   

Bluff Erosion: A bluff is a cliff with a broad face, or a relatively long strip of land rising abruptly 

above surrounding land or water. Typically, it rises at least 25 feet above the water body at an 

average slope of 30 percent or greater.  Bluff erosion is the erosion of these cliffsides or broad 
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faces as a result of high waves, wind, groundwater or surface runoff and can lead to significant 

loss of land to the sea. Bluff erosion takes place from the top of the bluff down to the sea. Several 

processes can lead to erosion on bluffs. Groundwater can leak out the face of a bluff to create wet 

areas that wash sediments down the bluff face. Surface water may flow directly over the face of a 

bluff or down a gully on a bluff and carry soil and sediment to the sea. Seasonal freeze-thaw 

cycles can loosen sediment in a bluff that slumps downhill in the spring. At the base of the bluff, 

high tides, coastal flooding and wave action can scour the bluff toe to remove sediment and 

undercut the slope. Oversteepened slopes can move downward under the pull of gravity. Coastal 

bluffs can be affected by all of these processes to some extent. The rate of bluff erosion may vary 

from one location to the next. Over time, erosion is often episodic with significant land loss one 

year and less the next. Bluff erosion leads to net land loss and the landward migration of the 

shoreline as well as the top of the bluff. Actively eroding bluffs are unstable and potentially 

unsafe for development near the bluff top (Maine Geological Survey, 2005).  

 

Erosion can impact beaches, dunes, bluffs, barriers, bays, cliffsides, wetlands, marshes, parks, and other 

natural landforms and can lead to destructive forces upon nearby manmade structures. One of the major 

impacts of erosion processes is the permanent breaching or creation of inlets along barrier beaches and 

islands.  Impacts associated with new inlets could include (1) increased flooding and erosion on the 

mainland shoreline due to increased water levels and wave action in the bays, (2) changes in shoaling 

patterns, water circulation, temperature and salinity that could significantly alter existing bay ecosystems, 

and (3) disruption of the longshore transport of sand along the ocean shoreline that would result in 

increased downdrift erosion.  It is noted that these stabilized inlets do provide benefits for recreational and 

commercial navigation, which is the trade-off. 

 

There are a variety of natural- and human-induced factors that influence the erosion process.  For 

example, shoreline orientation and exposure to prevailing winds, open ocean swells and storm surges, and 

waves all influence erosion rates.  Beach composition influences erosion rates as well.  For example, a 

beach composed of a finer sand and silt is easily eroded compared to beaches primarily consisting of 

course sand, boulders, gravel or large rocks, which are more resistant to erosion.  Other factors may 

include: 

Shoreline type 

Geomorphology of the coast 

Structure types along the shoreline 

Density of development 

Amount of encroachment into the high hazard zone 

Proximity to erosion inducing coastal structures 

Nature of the coastal topography 

Elevation of coastal dunes and bluffs 

Shoreline exposure to wind and waves 

 

The causes of erosion are often difficult to determine and usually require a skilled interpretation of the 

processes and activities affecting a particular area. However, common contributing factors to coastal 

erosion include, but are not limited to, the following: 

 

Coastal Storms (Tropical and Extra-tropical) 

Human Influence / Intervention  (Poor land use practices, failed erosion control methods) 

Reduction in Sand/Sediment Supply (through littoral sand transport, sand mining, weather patterns) 
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Rising Sea Levels (potentially exacerbated by global warming) 

Extent 

 

Landslides 

 

To determine the extent of a landslide hazard, the affected areas need to be identified and the probability 

of the landslide occurring within some time period needs to be assessed.  Natural variables that contribute 

to the overall extent of potential landslide activity in any particular area include soil properties, 

topographic position and slope, and historical incidence.   Predicting a landslide is difficult, even under 

ideal conditions.  As a result, the landslide hazard is often represented by landslide incidence and/or 

susceptibility, defined below: 

 

¶ Landslide incidence is the number of landslides that have occurred in a given geographic area. 

High incidence means greater than 15-percent of a given area has been involved in landsliding; 

medium incidence means that 1.5 to 15-percent of an area has been involved; and low incidence 

means that less than 1.5-percent of an area has been involved. (Geological Hazards Program, 

Date Unknown).   

¶ Landslide susceptibility is defined as the probable degree of response of geologic formations to 

natural or artificial cutting, to loading of slopes, or to unusually high precipitation.  It can be 

assumed that unusually high precipitation or changes in existing conditions can initiate landslide 

movement in areas where rocks and soils have experienced numerous landslides in the past.  

Landslide susceptibility depends on slope angle and the geologic material underlying the slope. 

Landslide susceptibility only identifies areas potentially affected and does not imply a time frame 

when a landslide might occur.  High, medium, and low susceptibility are delimited by the same 

percentages used for classifying the incidence of landsliding (Geological Hazards Program, Date 

Unknown). 

 

Figure 5.4.2-1 depicts the landslide incidence and susceptibility of the northeastern U.S., identifying areas 

that have the potential for landslides.  These areas are determined by correlating some of the principal 

factors that contribute to landsliding, such as steep slopes, weak geologic units that lose strength when 

saturated, and poorly drained rock or soil, with the past distribution of landslides.   
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Figure 5.4.2-1 Landslide Incidence and Susceptibility in the Northeast U.S. 

 
Source: USGS, 1982  

Note: The circle indicates the approximate location of Cayuga County. 

 

Figure 5.4.2-1 was created by including two primary characteristics that define landslide probability: 

terrain slopes and soil makeup or type.  Most of New York Stateôs soils consist of dense glacial till which 

stands up well to landslide tendency.  However, certain types of soil exist throughout the State that has a 

risk of landslide susceptibility and incidence.  For example, glacial lake clay soils which are abundant 

throughout New York State have a higher risk for landslide occurrence.  As for the terrain, typically, the 

steeper the slope, the higher the risk for landslide occurrence, assuming other conditions that leads to 

landslides are present.  However, according to the New York State Geological Survey, landslides can 

occur with very little slope.  Cayuga County has an overall low landslide incidence; however, the 

northern-most parts of Cayuga County have moderate susceptibility/low incidence (NYS HMP, 2011).   

 

Land Subsidence/Sinkholes 

 

The predominant conditions that lend to the overall risk of land subsidence occurrence include, as 

mentioned previously, underlying soil and rock type, natural and human impact on ground water, and 

occurrence of underground mining (natural and human caused). These conditions affect the location and 

probability of where a subsidence event would occur, and can be generally classified as either underlying 

rock type or triggers. 
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Other significant factors in land subsidence occurrence include aquifer-system compaction, drainage of 

organic soils (e.g. peats and mucks), and natural and hydro-compaction. The USGS estimates that 80% of 

the identified subsidence in the U.S. is a consequence of human impact on subsurface water. However, 

the USGS also notes that Cayuga County is not made up of unconsolidated aquifer systems, hence it is 

unlikely that there will be permanent subsidence and related ground failures (NYS HMP, 2011). 

Location 

 

Landslides 

 

The entire U.S. experiences landslides, with 36 states having moderate to highly severe landslide hazards.  

Expansion of urban and recreational developments into hillside areas leads to more people being 

threatened by landslides each year (USGS, 2011).   Figure 5.4.2-2 illustrates the potential for landslides in 

the U.S.   

 
Figure 5.4.2-2 Landslide Potential of the Conterminous U.S. 

 
Source:  USGS, 2005  

Note:  Red areas have very high potential, yellow areas have high potential, and green areas have moderate potential. 

Landslides can and do occur in the black areas, but the potential is low. Map not to scale. Circle indicates the approximate 

location of Cayuga County. 

 

The potential for landslides does exist throughout the entire northeast U.S., which includes New York 

State.  Scientific and historical landslide data indicate that some areas of northern and eastern New York 

State have a substantial landslide risk. However, compared to other states, New York State is not 

identified as a state with having a serious landslide threat.  According to information provided by USGS 

and NYSGS, it is estimated that 80-percent of New York State has a low susceptibility to landslide 

hazard.  In general, the highest potential for landslides can be found along major rivers and lake valleys 
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that were formerly occupied by glacial lakes resulting in glacial lake deposits (glacial lake clays) and 

usually associated with steeper slopes.  A good example of this is the Hudson and Mohawk River Valley 

(NYS HMP, 2011).  Figure 5.4.2-3 shows the landslide susceptibility overview map of New York State.  

Overall, Cayuga County has a low landslide incidence; however, the northern portion has a moderate 

susceptibility/low incidence and the far northern-most portion of Cayuga County bordering Lake Ontario 

has a high susceptibility/moderate incidence (NYS HMP, 2011). 

 
Figure 5.4.2-3 Landslide Susceptibility in New York State 

 
Source: NYS HMP, 2011 

 

Figure 5.4.2-4 shows the location of landslide incidents in New York State.   
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Figure 5.4.2-4 Location of Landslides in New York State. 

 
Source: NYS HMP, 2011 

Note: The circle indicates the approximate location of Cayuga County.  The NYS HMP indicates that Cayuga County has not 

had any landslide occurrences from 1837 to 2007. 

 

As previously stated, areas with steep slopes are more prone to landslide occurrences.  Erodible soils with 

steep slopes are common in Southern Cayuga County, especially along the shorelines of Cayuga, Owasco 

and Skaneateles Lakes, plus Little and Big Salmon Creeks, Pine Hollow Brook, Hemlock Creek, 

Dresserville Creek and Dutch Hollow Brook (County Input, 2013). 

 

 

Coastal Erosion  
 

The Lake Ontario lakeshore is prone to sudden bank collapse, due to the deep sand deposits exposed to 

wave, wind and frost action.  In undeveloped areas, the Cayuga County coast is characterized by sand 

spires and sand bluffs.  When roads and houses are built too close to the shore on the sand deposits, the 

sand can give way suddenly (County Input, 2013). 

 

Land Subsidence/Sinkholes 

 

The potential for land subsidence exists across New York State, and some historical land subsidence 

event data exists to indicate areas having a higher land subsidence risk. Certain areas of Cayuga County 

contain the conditions needed for subsidence events, including underlying carbonate and evaporite rock, 
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and the occurrence of underground mining. In general, data suggests that future land subsidence 

occurrence can be expected where it has occurred in the past.  

 
Figure 5.4.2-5 Subsidence Due to Sinkholes and Evaporative Rock 

Source:  USGS Fact Sheet-165-00, December 2000, Land Subsidence in the United States. (NYS HMP) 

Note: Salt and gypsum underlie about 40% of the contiguous U.S.  Carbonate karst landscapes constitute about 40% of the 

U.S. east of Tulsa, OK.   

 

Figure 5.4.2-5 above also indicates the existence of evaporite rock (salt and gypsum) in areas of western 

and central New York State. Evaporite rock is soluble in water, allowing large cavity formations to occur, 

and is especially susceptible to sink holes.   

 

There is an additional area of karstic materials not shown on this map.  In areas where the Tully 

Limestone is near the ground surface, conditions exist for the dissolution of carbonates within the 

limestone.  This has led to numerous disappearing streams existing in Moravia, Ledyard, and Genoa.  

These disappearing streams can contribute to flash flooding, sinkhole formation and drinking water 

contamination (County Input, 2013). 

 

Carbonate rock (limestone and dolomite) is also prone to void formation, but over a much longer period 

of time that evaporite rock. Also, the presence of glacial till in many areas of the State seems to prevent 

sudden collapses in carbonate rock. As a result, collapses are relatively rare in in New York, even in the 

regions characterized by karst topography (NYS HMP, 2011). Figure 5.4.2-6 illustrates the karst 

environments across the U.S. 
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Figure 5.4.2-6 Karst Areas across the U.S. 

 Source: Davies et al, 1984 

 

High organic content peat and muck soils exist in several areas in Cayuga County.  The three main areas 

are associated with the large wetlands along the Seneca River, Bear Swamp in Sempronius and Cedar 

Swamp in Owasco (County Input, 2013). 

 

Figure 5.4.2-7, below, was created by the NYSGS to emulate the USGS map showing the location of rock 

type and minerals that are generally susceptible to natural land subsidence. Locating mineral resources 

helps to indicate areas where the potential exists for human caused land subsidence due to mining 

collapse, which is often cited as a causal element of land subsidence (NYS HMP, 2011). 

 

Salt and gypsum are abundant across western and central New York State, including southern Cayuga 

County, and a number of underground salt and gypsum mines exist in this part of the State. This figure 

also indicates mining in Cayuga County, including clay mines in the southern part. 
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Figure 5.4.2-7 Mineral Resources of New York State. 

 
Source: NYS HMP 

Note: The circle indicates the location of Cayuga County  

 

Previous Occurrences and Losses 

 

Between 1837 and 2008, 326 landslides occurred and were reported in New York State.  According to the 

NYS HMP, Cayuga County has not experienced any federally declared landslide or land subsistence 

disasters in the past.  However, there have been at least two areas impacted by landslides in Cayuga 

County over the past 20 years. 

 

Landslide 

 

Seneca River Landslide 

 

In February of 2003, in the Town of Cato, about 1000 feet of the Seneca River bank failed and slid down 

and/or into the River.  The Seneca River had been lowered by the New York State Canal Corps for work 

on the next downstream dam/lock complex in Baldwinsville, and extreme cold froze the natural springs in 

the Sloan soil type.  This soil type is rated as having ñpoor stability and low shear strengthò with banks 

subject to failure if drained (Cayuga County Soil Survey, 1971).  This frost heave resulted in a 100-foot 

long muddy fissure some 20 feet high in places.  Two homes had to be condemned and eight to twelve 
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property owners lost lawns, septic systems, boat houses, sheds, docks and/or shoreline.  Approximately 

4.8 miles of the Seneca River banks in Cayuga County contains these same Sloan soils, which means that 

about 20 to 30 houses and two commercial properties may be vulnerable to future similar events (County 

Input, 2013).   

 

Coastal Erosion 

 

Lake Ontario Shore Landslides 
 

The Lake Ontario shoreline is vulnerable to collapse due to constant wind, wave and winter ice action 

against the deep sandy soils.  Cayuga Countyôs eight miles of Lake Ontario shoreline is roughly 60% 

County and state parkland with about 1.4 miles of residential development.  The State rated the coastal 

erosion rates in 1989 in the ñCoastal Erosion Hazard Area Map, Town of Sterling, Cayuga County.ò  

Over the past 20 years, lakeshore landslides have destroyed about ten homes and/or summer cottages in 

the Moon Beach hamlet in Sterling.  At least eight additional homes and a half-mile of Town road remain 

very vulnerable for future landslides (County Input, 2013). Figures Figure 5.4.2-8 through Figure 5.4.2-10 

show the effects of this landslide event. 

 
Figure 5.4.2-8 February 2003 Landslide Event, Moon Beach (Town of Sterling) 

 
Source: Cayuga County Planning Committee, 2013 
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Figure 5.4.2-9 February 2003 Landslide Event, Moon Beach (Town of Sterling) 

 
Source: Cayuga County Planning Committee, 2013 

 
Figure 5.4.2-10 February 2003 Landslide Event, Moon Beach (Town of Sterling) 

 
Source: Cayuga County Planning Committee, 2013  

 

 

Land Subsidence/Sinkholes 

 


