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Introduction

Many lake shore homeowners need information on
coastal erosion and the potential benefits of protecting
their property from erosion. Real estate professionals and
others need information on how erosion and erosion
protection devices affect coastal property values. This fact
sheet, the rasults of Ohio Sea Grant research on the role
of Lake Erie shoreline erosion in Ohio's housing market,
provides information these people can use.

In this research, coastal erosion is defined as the koss
of land into the Jake. If nothing is done about erosion,
buildings on some propenies may fall into the lake.
Coastal erosion is one of 1the characteristics of lake shore
homes. AS erosion causes a house to be more visibly at
risk, prospective buyers will pay a lower price for it. These
price differences have been analyzed by statistical
techniques. From the analysis one ¢an calculate how
property value is alfected by construcling an erosion
control device. This research concludes that erosion
characteristic is the more important determinant of lake
shore property price.

Data for the study

Ohio Sea Grant researchers obtained data from court-
house records and trom a survey of coastal homeowners
inthe five-county study area--Ashtabula, Lake, Cuyahoga,
Lorain and Erie. Table 1 summarizes the information from
courthouse records for all fake shore properties sold be-
tween January 1984 and April 1988. Coastal homes sold
at an annual rate of less than four percent. This can be
compared with the national average of ten percent per
year. Owners of lake front homes hold their property for a
much longer time than the average howeowner. In Lake,

Ashtabula and Erie counties, the higher percentage of
absentee owners indicates a higher proportion of vacation
homas.

The 459 coastal properties, under the heading "Num-
ber Sold* in Table 1, served as the sampling frame for a
mail survey. The survey was needed to oblain more
detailed data. The results are summarized in Table 2.
With undelivered surveys, surveys with missing data and
vacant iots, there was a lotal of 228 usable surveys.

In the computer model, the reported selling price of a
coastal residence depends upon its teatures as they
existed at the time of purchase. Property-specific charac-
teristics are the following:

DIST is the mileage from the property to Cleveland's
Public Square.

LOT is the square footage of the property lot.

FIREP is the number of fireplaces in the home.
GARAGE is the presence of a garage on the property.
HAREA is the square footage of the house.

AGE is the age of the house.

ROQMS is the number of rooms on the home's first
floor. BATH is the number of bathrooms.

AC is the presence of air conditioning in the house.
STONE is the presence of stone or brick exterior finish,

Only one neighborhood variable was considered. This
was the mean income (MINCOME) of survey respondents
within a coastal township or city. MINCOME was used
instead of other neighborhood quality measures, such as
the school quality or crime rate variables. This is because
coastal residences are often quite different in appearance
and value from residences just one block inland. In effect,
the thin strip of coastal properties are a separate neigh-

Table 1: Summary statistics for ali lake shore residential properties sold’

January 1984 {o Aprll 1988

Annual
Total Number Sales Average Percent Percent
County _ Prop? Sold Hate? Price Absent* Unimprvd®
Ashtabula 437 67 3.54% $41,494 44 8% 19.4%
Lake 615 101 3.79% $72,849 21.0% 6.7%
Cuyahoga 644 122 4.38% $195,647 2.4% 25%
Lorain 680 102 3.46% $106,969 5.9% 12.9%
Erig® 382 67 4.05% $97,467 38.8% 13.9%
Totals 2758 459 3.84% $112,327 18.3% 10.1%

| “Sales™ are ransactions between peopla with different last names and for which there was a Dansler tax recorded on te propery deed.

* Total number of lake shore properties, 28 enumerated by Bedford.
The rate wag caiculated as: {(# sales/s 33 yearsi# residential properties).

- s

Absentes ownership, as indicated by diffenng owners’ addresy and property address on county records,
Unimpraved property, as indicated by the absence of @ tax assessmant [or proparty iIMprovements.
Only the high blul portion of Erie County was used, i.e. from Cedar Paint aast 1 Lorin County,
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borhood for which the “usual” neighborhood quality
variables do not apply.

Table 2, shows the highest erosion rate (ERCDE) is in
Lake County, while the lowest is Cuyahoga. Erig County
has the highest percentage of control devices (DEVICE)
and Ashtabuia has the least. The data summarized in
Table 2 was used in a computer model to estimate the
impact of erosion on property values.

Property damage from coastal erosion is caused by
three jactors: 1) the natural erodibility of the land,

2) the distance the home is set back from
the shore and

3) the presence of an erosion control
structure.

Data for these three erosion factors were obtained from
historical records and the owners' responses to the
survey. They are named ERODE, SETBACK and DE-
VICE, respectively.

ERODE is the footage of fand lost from 1876 to 1973.
ERODE was obtained for each property in the study
from Ohio Geological Survey records.

SETBACK is the shortest distance from the house to
the bluff's edge.

DEVICE is the estimated useful lfetime of an erosion
controi device. A rip-rap structure was estimated to
last eight years, while more complicated, engineered
devices such as a bulkhead or groin were estimated to
last twenty years.

These three erosion factors are used to calculate a
comprehensive erosion measure, GEQOTIME. GEQTIME
is the number of years until setback distance from the
house to the lake is reduced to zero, when the house will

be sitting on the edge of the cliff. GEOTIME is figured by
dividing the distance between the rear of the house and
the top of the bluti by the average erosion rate and then
adding the number of years an eftective erosion contro|
device is expected to last. For two identical neighboring
houses, the house with the least GEOTIME will sell for a
lower price. Furthermore, the price difference will sharply
increase as GEOTIME approaches zero. When GEQTIME
is zero there is no setback between the lake bluff and the
house--it’s sifting on the edge of the clitf. GEOTIME can be
calculated. An example is given in the appendix.

Economic analysis of erosion

This research is based upon the economic theory of asset
pricing. This theory states thal the most you are willing to
pay for an asset is the total of discounted annual benefits
{both monetary and nonmonetary) you expect to receive
from owning the asset, plus the discounted resale value.
Market supply and demand conditions, as well as uncer-
tainty, will affect future expected benefits and thereby
affact property prices.

One uncentainty of lake shore property is erosion prob-
lerns which have been well reported in the press. Many
home buyers will know that erosion can reduce the bene-
fits of owning lake shore properly. They perceive that
erosion can cause a capital loss. It is reasonable 10
assume that the buyer knows that the risk of capital loss
can be reduced by installing a protection device which
involves a capital expense, Erosion risk can also be
reduced by choosing a propenty which is physically more
immune {o erosion damage. If the well informed buyer
wishes to reduce the risk of a capital loss, then he/she will
be willing to pay more for property which carries a lower
risk of damage. This is reflected by choosing either option

Table 2: Summary of character(stics influencing sales price of 228 Lake Erie ¢coastal residential properties

(In total and by county)

Average Average Average Average Average Average

Variable 1 All Cty Erie Loraln Cuyahoga Lake Ashtabula
(228) (31) (59) (71) (49) {(18)

SALES PRICE $126,981 $109,596 $115,708 $202,576 $81,482 $45,333
DIST (miles) 27.2 54.6 24.1 8.8 271 60.8
LOT (sq. ft.) 32,995 17.663 38,092 34,318 31,316 41,855
FIREP (#) 2.4 1.2 1.2 20 1.2 0.8
GARAGE (% with) 84% 76% 89% 96% 79% 66%
HAREA (sq. ft } 2,366 2,078 2,209 3,088 2,184 1,332
AGE (years) 46 42 43 52 45 40
ROOMS (#) 55 52 53 5.6 58 48
BATH (#) 23 1.9 22 2.9 20 1.8
AC (% with) 17% 29% 15% 29% 4% 0%
STONE {% with) 36% 2% 40% 45% 30% 16%
MINCOME $71,918 $76,801 $63,477 $96,600 $56,038 $41,845
GEOTIME (years) 1,320 767 ar2 2,154 376 1,842
SETBACK (feet) 87 56 101 103 78 64
ERODE (f/97 yrs) 76 82 64 38 135 24
DEVICE (% with) 47% 74% 35% 45% 49% 33%

! See wxt of this fact sheet for definitions of the variables.



Fact Sheet 044 Appendix

Coastal erosion and the residential property market

Warren Kriesel, Extension Economist & Frank Lichtkoppler, District Extension Specialist

Estimating coastal property price

This appendix to fact sheet 044 will provide an example of how
to estimate the price of a L.ake Erie coastal home site in Ash-
tabula, Lake, Cuyahoga, Lorain or eastern Erie County.

A. First calculate GEOTIME. This is the number of years
until the setback distance from tha home to the edge of the lake
bluff is reduced to zero. GEOTIME is the most importani
homesite characteristic affecting the price of coastal property.
GEOTIME is calculated by the foliowing formula:

GEOQTIME = {SETBACK * [{1973-1876) / ERODE]} +
DEVICE (In # of years)
The * means multiply, / means divide.

SETBACK is the shortest distance from the house to the
bluff's edge. Measure this distance for the property you are
interested in.

ERODE is the number of feet of 1and lost irom the property
in the period 1876 to 1373. The Ohio Department of Natural
Resources Division of Geological Survey-Lake Erie Unit in
Sandusky may be able {0 assist you in determining this number
for the specific property in which you are interested. The ad-
dress and phone number is:

ODNR, Division of Geoclogical Survey; P.O. Box 650,
Sandusky, Chic 44870; 419/626-4296.

- DEVICE is the estimated useful lifetime of an erosion control
device. This is estimated to be B years for a simple rip-rap
device and 20 years for more substantial bulkheads and con-
crete modular breakwalls.

As an example, consider a property which has a SETBACK
of 25 feet. (There are §7 years from 1876 to 1973.) It has lost
100 feet due to erosion from 1876 to 1973. There is no
protection device.

GEOTIME = {25 * ({97} / 100]} + 0
={25°[97]} + 0
={24.25} + 0
= 24.25

There are 24.25 years of GEOTIME remaining--the time
when the distance fromthe home to the edge of the bluff is zero.
\farip-rap device is constructed then GEOTIME is increased by
eight years, the numberof years that the protectionis estimated
to last. A bulkhead that is expected to last 20 years would
increase GEOTIME to 44.25,

B. Nextcalculate PRICE. This calculation requires a knowl-
edge of high school level mathematics and acalculatorthat can
handle exponents and natural logarithms. An example of an
exponent is 2°=8 or 42=0.0625, An example of a natural
logarithm is In{65)=4.174. The base for the exponents and
logarithms is the natural number e which is equal to 2.718.
Property specific characteristics that were found to have a

significant impact on the purchase price ot coastal propery
include the following:

DIST is the mileage from the property to Clevaland's Public

Square.

LOT is the square footage of the property lot.

FIREP is the number of fireplaces in the home.

GARAGE is the presence of a garage on the proparty.

HAREA is the square footage of the housa.

AGE is the age of the house.

ROOM is the numbar of rooms on the home's first floar.
BATH is the numbaer of bathrooms.

AC is the presence of air conditioning in the house.
STONE is the prasance of stone or brick extarior finish.
MINCOME is the average income of survey respondents
within a coastal township or city.

Consider a house which has the following characteristics:
DIST = 30 miles
LOT = 35,000 squarse feat
FIREP = 1
GARAGE = yes
HAREA = 2,200 square feet
AGE = 25 years
ROOMS « 6 on the first floor
BATH =25
AC = No SoAC=0
STONE = Yes So STONE =1
MINCOME = $70,000 for the respondents in the
township
GEOTIME = 24.25 years (from first calculation)

So FIAEP » 2
So GARAGE = 1

There are some peculiarities in the calculation. First, for
mathematical reasons, the FIREP variable is scaled up by
one, so in this example the house actually has one (1)
tireplace, but it is entered as having two (2}. The second pe-
culiarity concerns the variables that are one (1) when a
characteristic is present, or zero (0) when the characteristic
is absent. These variables are GARAGE, AC and STONE. in
this example the house has some type of garage, so GA-
RAGE equals one. There is no air conditioning, so AC equals
zero. Since our example home has a brick facing, STONE
equals one. Please note that the estimated price will be in
1987 dollars. You can adjust this estimate up to current
dollars.

The tabie below is a spreadsheet for calculating the price.
Also, the result of calculating the INTERCEPT variable is a
constant value. This same value should be used when
calculating the price of property you are interested in.

Table 1: A spreadsheet for calcuiating price

Variable Value Coefficient Calculation Resuit

DIST 36 -0.086 300086 0.746
LOT 35,000 0.105 A5000° 193 3.000
FIREP 2 0.005 20.008 1.003
GARAGE 1 0.348 27180 M8 1.416
HAREA 2,200 0.308 22000 200 10.702
AGE 25 -0.043 250040 0.871
ROOMS 6 0.156 go e 1323
BATH 25 0.118 2501 1.112
AC 0 0.153 271890133 1.000
STONE 1 0.088 2.71g1eone 1.008
MINCOME 70,000 0.657 70000085 1524858
INTERCEPT na -0.386 27180238 G.680

Multiply all "Result” terms together and you have the follow-
ing: 0.746*3°1.003"° 1.416°10.702°0.871 " 1.323*1.112
*1*1.008" 1524.858"* 0.680 = $45,558.65 for the price of the
house. This does not include the effect of GEOTIME on the
price of the house. This will be calculated in the next step.



Calcuiate the price of the propenty you are interested in.
Fill in the data for the variables and make the calculations.

Varlable Value Coefficient Calculation  Result
ST -0.086 VALLIE © 98¢

LOT 0.105 VALUE?® 193

FIREP 0.005 VALLE® e0%

GARAGE 0.348 2.718VALUE 0348

HAREA 0.308 VALUE® 302

AGE -0.043 VALUE 0

ROOMS 0.156 VALUE® 138

BATH 0.416 VALUE®? 18

AC 0.153 2.718VALUE'0.153

STONE 0.088 2.718vALUE 0088
MINCOME 0.657 VALUE® %57
INTERCEPT na -0.386 271903080 0.680

Multiply all "Result” terms together.

You should be able to get most of the information for the
home you are interested in from a visual inspection of the
property. Measure the distance from the house to the blufi
edge. Your real estate agem may aiso be able to assist you.
The value for the MINCOME can be obtained from Table 2
below.

Table 2: Average Income of lake shore residents who
responded to the 1988 coastal homeowners survey

County Clty/Twp Income
Ashtabula Conneaut $41,000
Kingsville $45,000

Ashtabula $55,000

Geneva $46,000

' Genava-On-The-Lake $45,500

lLake Madison $60,000
Mantor $57,500

Willoughboy $47,000

Eastlake $65,000

L.akeline $59,000

_ Willowick $50,000

Cuyahega Euclid $88,000
Bratenahl $1286,000

Lakewoed $107,000

Racky River $138,000

Bay Village £88,000

Lorain “Avon Lake TT%78,000
Sheftiald Lake $68,000

Lorain $63,000

_Vermilion .. $67,000

Eria Varmilion $71.000
Huron $110,000

Sandusky $77.500

Note: In some townships there were no responses to the income
question. Thesetownships are omitted. An approximate MINCOME
in these cases would be the average of its two neighbors. For
example, atownship between Madison and Mantor would ba $58,750.

C. You cancalculate how DEVICE increases PRICE. The
spreadsheet includes two calculations. The first is the base
house value, i.e. whal it would sell for today, in 1987 dollars.
The second is the property value for a change in one erosion
characteristic. Inthis case, it is adding a protection device that

is expected to last twenty years. The difference between
these two property values istheincreased property value that
can be expected from building the erosion protection. Calcu-
lating the property value attributable to GEOTIME is compli-
cated. This is because it enters the PRICE equationiwice: as
afirst and second order polynomial. This is done to obtainthe
shape of the price curve in Figures 1 and 2.

You will have to take the natural log of GEOTIME, for
example in (24.25)=3.19, and put it in as the exponent or co-
efficient as shown in the caiculation column. In this example,
the increased GEOTIME increases the property value by
$9.622. Applying the calculation to any property on the lake
is easy. You just substitute the propenty's characteristics into
the value column and perform the calculations with the same
coetfecients.

Base GEQTIME calculation:

Variable Value Coefficlent Calculation Result

GEOTIME 24.2 0.298 24 2020 2584
in{24.2)=3.18 -0.020 242002010 g pqg

Multiply the "Result" terms by the property value determined
from the example above to get the base property vaiue.

Base property value = 45,558.65 * 2584 * 0.816 = $96,062

GEOTIME calculation for an erosion device added which
will last twenty years follows. Remember, in the original
GEOTIME calculation, you simply add to the tormula the
number of years an erosion control device will last.

Variable Value Coefficlent Calculation Result

GEQTIME 442 0.298 44 20 208 3.083
In{44.2}=3.79 -0.020 44 2o0xan n75o

SETBACK 25 na

ERODE 100 na

DEVICE 20 na

New property value = 45 558.65 *3.093 *0.750 = $105,684

Change in property value by constructing an erosion
conirol expected to last twenty years:

New property value = $105,684
Base property value = $96,062
Increased property value = 39,620

Disclaimer: The information and suggestions in this publication are intended to
provide guidelines. The Chio Sea Grant College Program assumas no liabifity.

This publication is a result ot work spensored by the Ohie Sea Grant College Program (projects R/ME-S and A/EP-1 under grant NABSAA-D-5G132) of
the National Sea Grant College Program, National Oceanic and Atmospheric Administraion. Support is also provided by the Ohio Board of Regents, The

Chio State University, participating universities, indusiries and associations.
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listed above, both of which cost money.

Erosion factors of propenly also influence price. The
more erasion prone a property is, the lower its selling
price should be. Looking at a sample of lake shore
properties, there should be price ditferences (called price
variation) that are related to these. Similar togic can be
applied to other property features. For example, a house
with no fireplace yields fewer benefils from ownership
than a comparable house with a fireplace. Across a
sample of properties there will be measurable price vari-
ation attributed 1o fireplaces.

Price variation can be analyzed by statistical tech-
niques. In this case, the model says that property sales
price is a mathematical function of the features given in
Table 2. For each of the 228 properties, sales price and
each of the features were entered into a computer. A
computer program estimated numerical coefficients for the
function. The coefficients are the net effect of each
features on the price. With these coefficients and data that
describe any property, a predicted price can be calcu-
lated. (Seethe appendix).

The model was used to identify the features that are a
reliably significant predictor of sales price. We conclude
that buyers of lake shore properly are willing to pay more
tor erosion protection. This protection may be in the form
of the setback distance, the erosion rate, or the presence
of a protection device. The other significant characteristics
are {in declining order of importance): GEOTIME, MIN-
COME, HAREA, GARAGE, LOT, DIST, AC, ROOMS and
STONE.

If a homeowner were wondering how he/she could im-
prove the value of a house, this analysis indicates that the
most imporant improvement would be increasing GEO-
TIME by constructing a protection device, followed by
adding addiional living area (HAREA), and addingon a
garage (GARAGE). Of course, to determine whether an
improvement project would pay, the increase in property
value must be compared with the project’'s cost.

An example of a benefit-cost analysis for erosion con-
trol is the censtruction of a butkhead that would last
twenty years. This example is presented in the appendix.
This would increase GEQTIME from 24.2 to 44 2. This
raises the property's value by about $9,600. This estimate
can be compared with a contractor's cost estimate to
decide whether the project is worthwhile. An altemnative to
constructing a bulkhead is rip-rap ergsion contrel. On
average, rip-rap gives eight years of protection but it is
relatively cheap to install. For this example, rip-rap protec-
tion would increase GEOTIME from 24.2 to 32.2. This
would increase the property value to $99,260, for a gain of
$4,730. The increased property value from rip-rap is only
half of the gain from the bulkhead but rip-rap’s lower con-
struction cost may mean that the net gain from a rip-rap
device is greater than the bulkhead. If there are annual
maintenance costs, their present vaiue should be added
to the initial construction cost.

Figure 1. Effect of setback on price of
average house for 0.1, 0.75 & 3.0 feet
eroded per year

Price of
House
140000 =01
130000 o]
120000

] -
110000 1 74 //____,_..— S Sh—— .\’n
[~ '

100000

/

% 0 4 80 80 100
SETBACK (in feet)

It the eroslon protection device fails to perform up
to the estimated useful life span then the benefits of
Instatling the device will be over estimated.

Using a calculation procedure, it is possible 1o plot out
a graph ol how price responds to changes in a character-
istic while holding all the other characteristics at their
average.

Figure 1 shows how the price of the "average" house
is aftected by changes in the SETBACK distance, from 1
10 10Q feet. The plotting process has been run three times
for three different ERODE rates. The lower curve is for a
high ERQDE rate of 3.0 feet per year (or about 300 feet
lost between 1876 and 1973). The middle is an average
rate of 0.75 feet per year. The highest curve is for a very
slow erosion rate of 0.1 {eet per year. This graph is useful
to anyone who faces the preblem of appraising propeny
value. The house price declines rapidly as the setback
distance approaches zero for all ithree erosion rates.
However, for the low erosion rate, the price curve levels
oft at about 30 feet. Additional setback does not increase
the price. Under the high erosion rate (the bottom curve),
additionat setback increases the price up to 100 feel. Note
that a house built on less erodible land is always more
valuable than a house on erodible 1and if the houses are
simitar in other features.



FIGURE 2. Effect of Geotime on house price curves represents the "average™ house in each of the five

for the average house in five counties counties. The height difference between curves reflects
Price of ditfering county average prices (from Table 2). It shows,
House for example, that in Lake County, increasing the average
220000 Cuyahogs houses's GEOTIME from near zero to 20 will increase
200000 L property value by about $37,000. If the same house
180000 e initially has 20 years of GEQOTIME, an increase to 40
160000 Pl years will add only $8,000. Therefore, constructing
140000 / . erosion control has the biggest impact on property value
120000 / yloin - when GEOTIME is small. That occurs when the house is
10000 / s S Erie visibly threatened by erosion. Another important feature of
80000 | ] lske  Figure 2 is that increases in GEOTIME impact highly
60000 - —————— valued property more than a similar change impacts lower
40000 T ' Ashiabuis v atued property. In Cuyahoga County, the increase in
20000 4 T T ' GEOTIME from 20 to 40 increases property value by
$18,000. The same increase in Ashtabula County
50 100 g:oﬂm:?o 250 300 changes property value by only $5,000. The economic
h - . reason for this is that there are greater gains in preventi
The "‘.’.,’.I'E:; ?:, {;: alﬂ?-zl,m;: E;"?;s;;’;f,‘?: ‘;‘2,';?’" tha capital losses on valuable property. The same principle "
works for different properties within any county. Please
Figure 2 is a graph that is of interest to anyone who is bear‘in mind thal.Figure 2 yields approximate prices. To
deciding whether the monetary benefits of constructing an obtain more precise numbers, you should follow the calcu-
erosion protection device are greater than the costs. Here lation procedure explained in the appendix.

the plotting process has been run five times. Each of the
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