
Empirically-based Statistical Modeling 
Applied to Sinkhole Risk Management

Aerial view of a sinkhole in an urban area in southern Florida.
Credit: University of Wisconsin Eau Claire



Sinkhole Risk Assessment Overview

Th i t t f thi t i l i i ll b d• The intent of this assessment is apply an empirically-based 
statistical model to manage sinkhole risks from the state to 
subdivision level.  Leveraging SPADAC’s predictive modeling software 
Signature Analyst™ we focused on sinkhole risk assessments forSignature Analyst  we focused on sinkhole risk assessments for 
Pasco County, Florida to illustrate the flexibility and applicability of the 
model.

• This brief will show that Signature Analyst was 90 9% accurate in• This brief will show that Signature Analyst was 90.9% accurate in 
predicting likely areas for sinkhole events in Pasco County over 
the last 18 years (based on FGS data) and crucial for subdivision 
level planning. (based on FGS/County/Analysis)

• Possible applications of the sinkhole risk assessment:

• Improve risk determinations for homeowners insurance providers to mitigate 
loss/maximize profitloss/maximize profit.

• Real estate developers – avoid costly testing, setbacks, and lawsuits

• Academia – Further develop and validate empirically-based modeling to 
environmental risk assessments
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environmental, risk assessments.
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Why Pasco County, FL?
• Sinkhole claims in Pasco• Sinkhole claims in Pasco 

County account for two-
thirds of statewide claims.

• Insurance industry 
response:response:

• Rate hikes as high as 
95%.

• Stop writing new policies

• Drop policyholders at 
renewal

• State government currently 
working to reform theworking to reform the 
insurance industry through 
legislation

• Citizens Insurance rate 
freeze until 2009freeze until 2009

• Optional Sinkhole 
Coverage

• Insurance comparison 
website launch
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website launch
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Data Sources

P C t GIS D t t• Pasco County GIS Department

• Southwest Florida Water Management District (SFWMD)

• Florida Department of Environmental Protection – Florida GeologicalFlorida Department of Environmental Protection Florida Geological 
Survey (FDEP-FGS)

• U.S. Geological Survey (USGS)

• Florida Department of Transportation (FDOT)

• United States Department of Agriculture (USDA)

• National Oceanic & Atmospheric Administration (NOAA)• National Oceanic & Atmospheric Administration (NOAA)

• Homeowners Insurance Providers (phone interviews)
• State Farm

• USAA

• Citizens Property Insurance Corp. 

• All State
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Signature AnalystTM Predictive Modeling Overview

Sinkhole Assessment Sinkhole Assessment 
(“Hotspots”)(“Hotspots”)

Sinkhole Assessment Sinkhole Assessment 
(“Hotspots”)(“Hotspots”)

Area of Interest
(Pasco County)

Sinkhole Model
Sinkhole 

Event

Factor

Locations

Factor 
Environment:

Soils
I f t t

“Hotspots” will identify “Hotspots” will identify 
areas that are at higher areas that are at higher 

risk of a sinkhole risk of a sinkhole 

“Hotspots” will identify “Hotspots” will identify 
areas that are at higher areas that are at higher 

risk of a sinkhole risk of a sinkhole 
Infrastructure

Lithology
Aquifer data
Precipitation

occurrenceoccurrenceoccurrenceoccurrence
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How does the model work?
It t t h f th f t• It compares events to each of the factors, 
in terms of distance, value, or other 
Factor Type Functions (FTFs). 

• It characterizes the geographic 
Sinkhole Events

relationships between these events and 
factors using Probability Density 
Functions (PDFs)

• It identifies which factors are distinctively 
significant from the environment.

• It creates a geospatial signature for the 
events and projects this to the entire AOI, 
predicting new areas and depicting 
known ones.

• It creates a series of additional products 
and results to evaluate the quality and 
consistency of an assessment.y
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Background:  Sinkhole Geology in Pasco County
M h f P C t f ll ithi th St t f Fl id ’ A I• Much of Pasco County falls within the State of Florida’s Area I 
and III sinkhole category.

• Area III contains the greatest occurrence of Florida’s sinkholes 
of all sizes.

• The thickness of the heavy overburden sediments can vary• The thickness of the heavy overburden sediments can vary 
between 30 to 200 feet on top of the dissolving limestone 
bedrock.

• The most common type of sinkhole is the Cover-Collapse
• Cover-Collapse Sinkhole:  Occur where a solution cavity forms in p y

the limestone bedrock to such a size that the overlying sediments can 
no longer support its weight.  

Occur where limestone is near the surface and the aquifer is 
below the water table.

Dissolution is accelerated by vigorous water circulation just 

0
Miles

20 4010

below the water table.

Dense and impermeable clayey soils above the limestone 
create high overburden pressure.

Limestone becomes the outer wall assisting the formation of 
large circular sinkholes.

Usually large and potentially catastrophic sinkhole.

• Number of Area III sinkholes seem to increase after water table 
is lowered from drought or pumping

• Sinclair, W.C., 1982, Sinkhole development resulting from groundwater 
withdrawal in the Tampa area Florida: U S Geological Survey Water-
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withdrawal in the Tampa area, Florida: U.S. Geological Survey Water-
Resources Investigations 81-50, 19 p.
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Pasco County Sinkhole Events 1969 - 2006
• According to the Florida• According to the Florida 

Geological Survey 
database, Pasco County 
has had 249 reported 
sinkhole events 
between 1969 - 2006

• This represents only 
those sinkholes officially 
reported by observersp y

• The reported sinkholes 
tend to cluster in 
populated areas where 
they are readily seenthey are readily seen 
and commonly effect 
roads and dwellings

• Data only recorded until 
September 2006September 2006.
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Signature AnalystTM Model Training Points (1969 – 1989)

• 38 model training points• 38 model training points 
were extracted from the 
FGS sinkhole database 
using the following 
criteria:

Events between 
1969 – 1989

Summer events 
h th t twhen the state 

experiences droughts 
and heavy rainfall 
(May - September)

Si kh l ithSinkholes with a 
width greater than or 
equal to 5 feet

Sinkholes with heavy 
rain reported as the 
trigger mechanism

This criteria attempts to capture 
more “naturally” occurring 
i kh l f i th d l
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sinkholes for use in the model. 
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Signature AnalystTM Assessment with Model Training Points

A t t th
Notice that the training points used in the model 

contained no sinkhole events in the Lacooche area

• Assessment represents the 
top 25% of the sinkhole 
geosignature; equates to a 
75% area reduction (651mi2) 
across Pasco County.  This 
allows for a more effectiveallows for a more effective 
focus on resources.

• Important to note areas that 
have “hotspots”, but do not 
contain model training 
points.  These areas are 
most geospatially similar to 
the areas where sinkholes 
occurred in the past.

• The risk assessmentThe risk assessment 
consisted of 170 data layers 
which included:

• Geology

• Hydrogeology

• Anthropogenic Influences

• Environmental Influences
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Comparison of Sinkhole Events 1990 - 2006 to Assessment

90 6% f i kh l t August 2002 sinkhole events in Lacooche area!• 90.6% of sinkhole events 
from the last 17 years 
occurred in the areas 
identified by Signature 
Analyst as a higherAnalyst as a higher 
sinkhole risk (1990 –
2006) .

• Two sinkhole events 
occurred August 2002 inoccurred August 2002 in 
the Lacoochee area (top 
right) which was 
predicted in the 
assessment as a higher g
sinkhole risk area.  

• If this risk assessment 
was available prior to the 
event, property , p p y
damages and 
insurance claims could 
have possibly been 
avoided.
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Pasco County Sinkhole Significant Factors
Significant  Anthropogenic Factors

1) Schools – While likely not a direct cause for 
sinkholes we may be able to look for indirect 
affects to the karst environment whether 
geological or hydrogeological.

Arterial Roads

ke
lih

oo
dSchools

ke
lih

oo
d

Ev
en

t

2) Arterial roads - Infrastructure and new 
development can accelerate sinkhole 
occurrences through overburden, altering 
drainage patterns, increased traffic, and 
excessive demands on the aquifer system. Distance

Li
k

Distance

Li
k E

Significant Geologic Factors

Factor metrics of the empirically-based statistical model assists in discerning subtle yet powerful insights and 
the casual factors that contribute to these events revealing correlations and patterns among disparate data.

g g

1) Adamsville Fine Sand – A somewhat 
poorly drained soil that may contribute to 
overburden and increased runoff affecting more 
permeable soils.

Adamsville Fine Sand

el
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d

el
ih

oo
d Tavares – Urban Complex

2) Tavares Urban Land Complex –
Soils of the area surrounding property that have 
been altered by human activities and lost its 
original characteristics.  An excessively drained to 
moderately well drained Quartzipsamment that is Distance

Li
ke

Distance

Li
ke
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moderately well drained Quartzipsamment that is 
sandy throughout.
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Pasco County Assessment Metrics and Evaluation

Model Evaluation:
• Rate of Capture – A value of .9151 indicates this assessment is very good at capturing the Model Training Inputs
• Reliability - .9783 indicates a very reliable assessment showing no signs of over-training

D dDendrogram:
• The training points are two distinct sets of events as illustrated by the dendrogram tool.  Upon further investigation this was 

primarily due to the differences in the underlying geology of the county.  The events highlighted in red took place within the 
Hawthorn group and undifferentiated sediment regions found in eastern Pasco.  The remaining events took place within the 
Suwannee Limestone*, beach/sand dunes, as well as undifferentiated sediments in western (coastal) Pasco.  This 
dendrogram tool is useful in validating the need to conduct separate sinkhole risk assessments for each karstscape. 
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Sinkhole Event Updates: July 5th, 2007
O J l 5th 2007 6• On July 5th, 2007 a 6-
feet deep and 2-feet 
wide sinkhole was 
reported near the 
intersection of S R 54

I-75
July 5th Sinkholeintersection of S.R. 54 

and Bruce B. Downs 
Boulevard.

• This sinkhole event falls 
within the hotspots

S.R. 54

July 5 Sinkhole

within the hotspots 
generated from the 
model bringing the 
accuracy to 90.9%.

Bruce B Downs Blvd
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Larger-scale Applications

A l i thi d l t• Applying this model to 
subdivisions allows you to 
understand the risks 
associated locally.  The 
data cost is much higherdata cost is much higher, 
but the accuracy is also 
greater.

• Decisions at a larger scale 
require higher accuracyrequire higher accuracy 
data.  This demonstrative 
application uses 10 meter 
data due to access 
constraints, but 1 meter 
would be ideal.

• The factors used in this 
application are primarily 
geologic, topographic, and g g , p g p ,
hydrogeologic since the 
area of interest is only 40% 
developed. 

Larger Scale applications empower homeowners, 
developers, and insurers to mitigate their risks
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A Tale of Two Communities:  Subdivision 1 & Subdivision 2
• Subdivision 1: A new 

development planned for 
8700 residents.  Subdivision 
1 is just currently working on 
the second of five planned 
villages and experiencing

µ
villages and experiencing 
significant development.

• Subdivision 2: A Golf & 
Country Club community 
where construction iswhere construction is 
complete.  The Subdivison 2 
is at 100% resident capacity 
and there are no future 
development plans.p p

• Both communities have 
experienced sinkholes, but 
what are the potential risks 
to the rest of the community?to the rest of the community? 

XY Sinkholes

Subdivision 1

Subdivision 2
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Subdivision 2
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Sinkhole Subdivisions Risk Assessment

16 d l t i i i t• 16 model training points 
were used in the 
Subdivisions 1&2 
assessment which were 
recorded by the Florida 

µ
y

Geological Survey and 
Pasco County GIS 
Department.

• 68 factors were used to 
build the AOI environmentbuild the AOI environment 
focusing on the topographic, 
geologic and hydrogeologic
framework. This will allow us 
to maximize the risk 
assessment by using 
geophysical components.
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Subdivision 1:  Village A 
• Subdivision 1 is a 4,800-acre mixed-use 

Lower 
Sinkhole Risk

Subdivision 1 is a 4,800 acre mixed use 
master-planned self-sufficient community in 
Central Pasco County, Florida.  The former 
ranch  will offer a variety of house types 
with parks, schools, retail sites, medical 

Moderate 
Sinkhole Risk

facilities, government offices and job sites.  

Subdivision 1

• Village A: The first ofVillage A:  The first of 
five planned villages.  
Development complete 
– 600 homes.

Subdivision 1

Subdivision 1
Higher 

Sinkhole Risk

Subdivision 1

18The Deciding Factor



Vill B Th d f fi l d

Subdivision 1:  Village B

Moderate 
Si kh l Ri k

• Village B:  The second of five planned 
villages.  A traditional neighborhood with 
alleys and detached garages in the back.  
The village will feature a club – the 
epicenter of fun activities for play and Sinkhole Riskepicenter of fun activities for play and 
sports.

Subdivision 1

Subdivision 1

Subdivision 1

Higher 
Sinkhole Risk

Lower 
Sinkhole Risk
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Subdivision 1:  Future Development Risk Assessment

Commerce Park
Lower 

Sinkhole Risk

Reviewing  the large-scale 
sinkhole risk assessment to 
future development gives 
powerful insights to local

Commerce Park

Higher 
Sinkhole Risk

Sinkhole Risk

powerful insights to local 
associated risks.

Moderate 
Sinkhole Risk

School & Town Center

Hi h

Lower 
Sinkhole Risk

Higher 
Sinkhole Risk

School

Town Center

Higher 
Sinkhole Risk

Moderate 
Sinkhole Risk
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A Tale of Two Communities:  Subdivision 2

Th G lf & C t Cl b i d f 440 f Higher 
Sinkhole Risk

• The Golf & Country Club is made up of 440 acres of 
land located in Land O’ Lakes, Florida just 20 
minutes north of Tampa.  The subdivision offers low-
density living in a gated-residential community 
surrounded by cypress preserves and orangesurrounded by cypress preserves and orange 
groves with convenient access to all of the Sunshine 
State’s treasures.

Moderate 
Sinkhole Risk

Lower 
Sinkhole Risk 

Sinkhole Risk

Moderate 
Sinkhole Risk

21The Deciding Factor



Conclusion
• 90.9% of the sinkholes recorded in the last 18 years were y

within the top 25% of the predicted sinkhole assessment.

• This study found strong correlations for sinkholes with 
infrastructure/new development certain soils and lithology ininfrastructure/new development, certain soils and lithology in 
Pasco County.

• Applying geospatial predictive modeling to sinkholes gives us 
The Power to Know Where to apply preventative procedures 
instead of reacting.  This is a step towards a long term solution 
vs. the short term solutions applied today.

• Ability to apply the same technique at subdivision level 
empowers homeowners, insurance providers and developers.
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Questions?

Heath Rasco
(813) 527-1688
heath.rasco@spadac.com

Alex Dunmire
(813) 434-6618
alex.dunmire@spadac.com
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Florida Aquifer Vulnerability Assessment (FAVA)
Florida Geological Survey Hydrogeology• Florida Geological Survey – Hydrogeology 
Section

• An analytical method adapted for GIS-based 
mineral-potential mapping has been applied to 
assess contamination potential of Florida’s 
aquifer systems The method known as Weightsaquifer systems. The method, known as Weights 
of Evidence (WofE), combines evidence from 
known occurrences of a phenomena with spatial 
data to calculate a predictive response based on 
Bayesian theory with an assumption of 
conditional independence. Prior probabilities are 
calculated by dividing the number of known 
occurrences (training points) by the study area 
producing a probability of occurrence without the 
benefit of relevant data. Weights are calculated 
for independent GIS data coverages (evidential 
themes) based on the spatial relation betweenthemes) based on the spatial relation between 
each evidential theme and training points. 
Results are reflected as posterior probabilities on 
an output map known as the response theme. 

• Aquifer vulnerability maps are an important 
resource for planners developers resource-resource for planners, developers, resource
management professionals and policy makers to 
facilitate protection of Florida’s ground-water 
resources.

C dit Fl id D t t f E i t l P t ti
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Credit: Florida Department of Environmental Protection
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Future Land Use and Sinkhole Activity
R id ti l Eh Q d hi h t 7 5% f th t t t l• Residential areas, 
52.2% of county, 
experienced 72.7% of 
sinkhole activity.

Ehren Quad which represents 7.5% of the county total area 
(64.8mi2) currently building  to add over 15,000 residents

• Commercial areas, 
4.7% of county, 
experienced 16.5% of 
sinkhole activity.

• Nearly 90% of all 
sinkhole events 
occurred in areas 
developed for residential 
or commercial useor commercial use 
(residential support 
infrastructure).

U .S .  4 1
XY Sink ho le  Ev en ts

C ons e rv a tion

C om m erc ia l

Ag ricu ltu re

Indust ria l

R id ti l
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Background:  Limestone Geology in Pasco County
Si kh l i P C t b f th• Sinkholes in Pasco County are common because of the 
limestone bedrock and its susceptibility to acidic 
groundwater dissolution.  This dissolution is catalyzed by 
the purity of the calcium carbonate (and less dolostone) 
and the porosity of the local limestone formations – the 
Tampa Ocala and Suwannee Their occurrence near the

µ
Tampa, Ocala and Suwannee.  Their occurrence near the 
surface is shown on the map (right), and their lithologic 
descriptions follow:

• The Tampa Member of the Arcadia Formation is a white to light 
gray, fossiliferous, marine limestone containing variable 
amounts of dolostone sand clay and phosphate The Tampa isamounts of dolostone, sand, clay, and phosphate. The Tampa is 
usually a hard, massive crystalline rock and in some areas it 
contains small cavities called molds where shells have been 
dissolved.

• The Ocala Limestone consists of white to cream marine 
limestones and occasional dolostones. Generally the Ocala 

f

Beach and Dune SandsQbd

Limestone is soft and porous, but in places it is hard and dense 
because of cementation of the particles by crystalline calcite. 
The deposit is remarkable in that it is composed of almost pure 
calcium carbonate. Ocala Limestone underlies almost all of 
Florida, but it is found at the surface of the land only in a small 
portion of the state. 

Hawthorn Group Arcadia Formation Tampa Member*

Hawthorn Group

Undifferentiated Sediments

Undifferentiated SedimentsQu

TQu

Th

That
• The Suwannee Limestone is a white to cream, fossiliferous, 

marine limestone. Dolomitized portions of the unit are gray, tan, 
light brown to moderate brown, dolostone with limited 
occurrences of fosiliferous beds. Silicified limestone, in the form 
of chert, is common in Suwannee Limestone. It occurs near the 
surface in the eastern panhandle, northern peninsula, and in 

Hawthorn Group, Arcadia Formation, Tampa Member

Ocala Limestone*

Suwannee Limestone*

*Limestone susceptible to acidic groundwater dissolution

That

To

Ts
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portions of west central Florida.  
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Pasco County Sinkhole Significant Factors
Significant Anthropogenic Factors Significant Geologic Factors

1) Schools

2) Arterial roads

1) Adamsville Fine Sand

2) Tavares – Urban Land Complex

• Infrastructure and new development can accelerate sinkhole occurrences 
through overburden, altering drainage patterns, increased traffic, and 
excessive demands on the aquifer system.

P bl il i t d idi t ( i it ti ) t li t h• Permeable soils introduce acidic water (precipitation) to limestone much 
quicker increasing dissolution and surface load resulting in an increased 
likelihood of sinkhole development.

Arterial Roads

el
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d Adamsville Fine Sand

el
ih

oo
dSchools
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Sinkhole Risk Assessment (Option2)

µ
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Large-Scale Sinkhole Significant Factors
Significant Hydrogeologic Factors

1) Rooted Vascular Wetlands – An 
attractor for sinkhole events in this AOI.

2) Hydrologic Classification Group 
– This factor was identified as a repellant since

Rooted Vascular 
Wetlands

Ev
en

t

ke
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d Hydrologic Group

Precipitation runoff

En
vi

ro
nm

en
t

– This factor was identified as a repellant since 
the a sinkhole event is less likely compared to 
the environment.  This particular factor had a 
dual classification in that it exhibited a very 
slow infiltration rate/high runoff potential during 
natural conditions, but when the water table is 

Li
k E

Significant Geologic Factors

lowered by artificial means it exhibits moderate 
infiltration. Distance

g g

1) Quartzipsamments – An attractor for 
sinkhole events in this AOI, quartzipsamments 
are excessively drained and have rapid to very 
rapid permeability.

Quartzipsamments

Ev
en

t
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d Sellers Mucky Loamy

Fine Sand

En
vi
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t

2) Sellers Mucky Loamy Fine Sand 
– A repellant for sinkholes in this AOI, this soil 
has a high run off rate.

EnvironmentLi
k E
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A Tale of Two Communities:  Connerton Closeup
• Connerton is a 4,800-acre mixed-use 

master-planned self-sufficient community in 
Central Pasco County, Florida.  The former 
ranch  will offer a variety of house types 
with parks, schools, retail sites, medical 
facilities government offices and job sites

Future Development
facilities, government offices and job sites.  
Connerton has been awarded the best 
environmental sensitivity program for the 
last 3 years.

Connerton

Village 1
Complete

Connerton

Connerton

Village 2
Developing
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