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A Decision Strategy for Management of Coastal Erosion

Waldon R. Kerns

ABSTRACT

This study provides an economic decision framework for management
of the impacts of coastal erosion on shoreland property and structures.
Coefficients were determined for use in estimating erosion induced
losses to property and structures. These values plus other measures
were applied to three case study coastal areas in Virginia. The eval
uation procedure provided a realistic basis for comparisons of: (1)
benefits and costs of selected control measures; (2) various levels of
control; (3) distribution of costs between private and public sectors;
and (4) ability of localities to support control programs.

Introduction

In the Chesapeake Bay of Virginia, erosion action has caused losses
of up to twenty feet of shore depth per year and in several cases struc
tures have actually fallen into the Bay waters. This physical process
of erosion generally has not been perceived as a problem until it has
induced an economic impact on either an individual or a community.
These economic impacts have become more significant and more widespread
and consequently the situation has resulted in major emphasis being
placed on better management of tidal shoreline erosion.

Although erosion action and mitigation efforts to manage it have
an Impact on all areas (fastiand property and improvements thereon; the
estuarine system and its flanking tidal creek entrances; and sandy
beaches and other shorelines) methodology for measuring the physical
and biological Impact on the beaches and estuarine system is almost non
existent. However, accurate measurement of the Impact on shoreland
property and improvements can be incorporated into a decision framework.

Three case study areas in Middlesex County, Virginia, which have
experienced substantial erosion action were selected for use in estima
ting the erosion Induced Impact on property and structures. A reach
basis was used because a reach is characterized in physical terms as a
segment of shoreline wherein the erosion process and responses are
mutually interactive. A reach may Include one or many individually
owned parcels.

The first study area (Reach 1) was an open space, undeveloped area
of 23 individually owned parcels of property along 2.27 miles of
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shoreline. The second study area (Reach 2) was a developing area of
single family residential and vacation dwellings with 70 parcels of Indi
vidually owned property along 1.7 miles of shoreline. The third study
area (Reach 3) was an established area of single family residential and
vacation dwellings with 73 Individually owned parcels of property along
1.76 miles of shoreline and formed part of a shoreland point which
extended into the Chesapeake Bay. These areas contained a total of 166
individually owned parcels of property.

As shown in Table 1, length of waterfront and depth of lot demon
strate the large size of lots in Reach 1, medium size lots in Reach 2
and small lots in Reach 3. Also, average present total value of lots
minus improvements reflects these size differences. Average present
value of lots per square foot, however, reflects the lower value for the
large open space undeveloped areas and reflects the premium value of
$0.91 per square foot which 1s placed on the lots 1n Reach 3, the
established and small lot area. The average present value of dwellings
in each area was approximately equal. The historical erosion rate in
average feet per year during 1960-1978 was determined for each of the
166 parcels of property in the study areas. The overall average annual
erosion rate was positive (loss of soil) in Reaches 1 and 3 but negative
(accretion) in Reach 2.

Table 1. Average Value of Selected Characteristics for Three
Erosion Study Areas in Middlesex County, Virginia

Characteristics Reach 1 Reach 2 Reach 3

Length of Shoreline (miles) .
Number of Individual Parcels
Average Value Lot (5)1
Average Value Lot/Sq. Ft. (S)1
Average Length of Lot (ft)i
Average Depth of Lot (ft)l
Number Lots with Dwellingl
Average Value Dwelling (I)1
Average Yearly Erosion Rate

1960-1978 (ft./yr.)2
Range of Yearly Erosion Rate

(ft./yr.)2
Average Distance Dwelling from

Shoreline (ft.)3 320 107 28

2.27 1.70 1.76
23 70 73

45,687 20,875 10,377
0.32 0.67 0.91
546 157 73
378 328 160
18 52 44

21,686 18,515 19,643

+1.4 -0.5 +0.3

0 +3.3
+« -1-7
t0 +1.7

*« "2-2
t0 +2.8

Obtained from 1977 assessment record in Commissioner of Revenue's Of
fice, Middlesex County, Virginia. Assessment was based on 100 percent
market value. A comprehensive study of all property transactions during
past 20 years established the valuation procedure.
2

Erosion rates provided by scientists from the Virginia Institute of
Marine Science. Erosion rates (positive for loss of soil and negative
for accretion) for each individual parcel were obtained by interpre
tation of aerial photography for 1960 and 1978.
3
Distance obtained by interpretation of aerial photography.
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Procedure for Application of Economic Decision Framework

An economic assessment methodology was applied to the three reaches
in the pilot study area. Values were established for costs and benefits
for selected management strategies in each reach. As part of the techni
cal assessment, the capital costs of implementing proposed structural
control measures were estimated on the basis of standard cost guides
and expressed in terms of present dollar values.1 Operation and main
tenance costs were discounted to current dollars. Costs were determined
for proposed structures on a segment basis and summed for the total
reach. Also, the expected effectiveness in percentage terms of control
of erosion by the structural controls and time period of effectiveness
were provided for each reach.

A second set of costs were derived from estimated decreases 1n
values of property and improvements or losses from restrictions on use
of resources because of implementation of selected non-structural con
trol measures. Values were calculated for each reach on the basis of a
"without" and "with" approach. That is, values for resources and their
uses were estimated for the current situation and compared to their
values after implementation of a control measure. Values were estimated
for loss of agricultural productivity, loss of soil, loss to structures
and other improvements, and loss of tax revenue.

For those lots with a dwelling and either erosion or accretion, as
the erosion rate increased by a foot the present value of the lot per
square foot decreased at a marginal rate of $.057 per square foot with
out any differences among the areas. This value is much less than the
average value per square foot of $0.32 in Reach 1, $0.67 in Reach 2 and
$0.91 In Reach 3. Thus, loss of a square foot from erosion is consider
ably less than the average present value per square foot.

However for the 49 lots with dwellings and loss of area to erosion,
as the erosion rate increased by a foot per year marginal value de
creased by $.242 per square foot (or 28 percent of the average assessed
value of these 49 lots). Thus, erosion action has a very high cost in
terms of value per square foot for each square foot lost to erosion if
that lot contained a dwelling. The addition of area or accretion does
not add to the value of the lot.

For the 52 observations without a dwelling, as the erosion rate in
creased by a foot, lot value per square foot decreased by $.089. How
ever, for those lots with a positive erosion rate (loss of soil), as the
erosion rate increased by a foot the marginal value per square foot de
creased by $.125 per square foot (or 50 percent of the average assessed
value of these 17 lots) a significantly higher rate. As with those lots
with a dwelling accretion does not add to the value of the lot.

Decreases in market value of property will be reflected in lost tax
revenues. The recent assessment for Middlesex County supports this
assumption. Whenever a property owner requested a tax reduction due to
decrease in value from soil loss, it was granted. Thus, for purposes of
this study the computed soil loss in dollar value was multiplied by the
current Middlesex County tax rate of 43 cents per hundred valuation.
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Restriction on ownership will impact use of property in the 100-
foot and 200-foot areas. In order to provide that estimate, present
value of property (minus improvements) for each parcel in the study area
was obtained from assessment records in the Commissioner of Revenue's
Office. Value was calculated on basis of square footage in the impact
area for use in determining value of loss due to restriction. That is,
square footage in the parcel was divided by present value to obtain
present value of parcel per square foot. Square feet in each setback
or erosion year period impact area as previously obtained was multiplied
by the value per square foot to get a proportionate value per square
foot for losses due to restriction.

Present value for dwellings was obtained on each shorefront parcel
of property from recent assessment records in the Commissioner of
Revenue's office for the county. If the dwelling was located in the
erosion area, the total value was recorded. If not, a second cost com
ponent for dwellings was based on decrease in distance between dwelling
and shoreline as a result of projected erosion action.

The historical average annual erosion rate was not a significant
explanatory variable. However distance of the dwelling in feet from
the shoreline is an important explanatory variable. As distance in
creases value increases, at least in the limit of this analysis. Loss
of distance between dwelling and shoreline could be interpreted as
having a marginal impact of decreasing value of dwelling by $8.64 for
each foot lost to erosion in Reaches 1 and 3 but not in Reach 2. Com
pared to the total value of a dwelling this may not be a very large
amount. A logical explanation for the Reach 2 impact is that it had a
negative average erosion rate (accretion) over the past 18 years which
indicates that accretion may actually decrease value (-17.72 +8.64) of
dwelling because of factors such as less access to the waters. However,
these values could be substantially different for shorter distances.

A third set of costs were those associated with transaction and
administration activities involved In the actual implementation and con
trol of a program. Where appropriate, legal costs and the cost of
administering compensation programs were included. These costs as with
the first two sets were calclialted for individual parcels or as an aver
age for a reach.

Benefits from erosion control measures may accrue in all three
shore areas—the shore zone, nearshore zone and fasti and zone. On
shore benefits of structural control measures were derived by applying
a "without" and "with" control analysis. Benefits were derived by cal
culating future erosion damages which would be prevented by implementinc
erosion control measures. However, as with the cost calculations, only
limited "information" exists for the impacts in the shore and nearshore
zone. Benefits from accretion and the flow of services from water-borm
activities were excluded because information on those activities was no
available.

Evaluation of the Impact of erosion control strategies on value
of property (including improvements) and uses of that property for each
individually owned parcel was based on the value of those resources in
a status quo state (that is, let erosion continue without additional
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control measures) compared to the value with control strategies. There
fore, present value in 1978 dollars for the resources in the identified
impact area was established as the basis for calculation of impact costs
and benefits.

For purpose of this study, the value of property and improvements
of individually owned parcels was determined for both a 100-foot and
200-foot depth frontage as well as erosion rate depth area, based on
years of effectiveness of proposed control measures, and then consoli
dated for each identified reach. These alternative impact areas will
allow a decision maker to compare the magnitude of costs and benefits
of various management strategies. The two frontage area alternatives
were selected because the 100-foot and 200-foot depth frontage are com
monly suggested management strategies.

Area for each setback or erosion year period was calculated for
each property segment within the reach on basis of square feet or
portion of acres involved. Areas in each segment to be impacted were
determined by multiplying the years in each period by the historical
erosion rate 1n feet per year for each individual parcel transect—the
point on the shoreline where a recession rate was calculated. The re
sultant depth line for the number of feet of erosion for each period
was measured from the point of high water mark and noted on aerial
photographs for the individual parcels of property.

An important constraint and limitation to the analysis is the
current inability to relate cost for each level of control (the margin
al cost) to the benefits for each level of control (the marginal bene
fit). That analysis 1s needed before the optimal level of control for
each area can be determined. The analysis does, however, provide rea
sonable estimates for selected levels of control.

Consolidation of Values into Reach Basis

Because the management decision framework should be placed on a
reach by reach basis, the costs and benefit values to be used for com
parative purposes are the consolidated reach values. Individual parcel
values were consolidated into a reach summary. The established values
for dwellings, other structures, property and loss of building site
were expressed in present dollar values. Annual loss of property taxes
and annual net return for land-use were also expressed in present value
based on the assumption of constant annual stream of benefits with a
constant level of net profits and a constant tax rate over the period
of analysis. Present value of the stream of benefits was calculated
at an 8 percent discount rate.

The assessment as shown in Table 2, provides a benefit value based
on a maximum loss to shoreland resources if erosion were to continue
unabated. These opportunity type costs could accrue to either private
or public parties. However, due to the nature of ownership in the
sample, only loss of taxes accrue to the public section. As a result
of erosion action, additional unaccounted for losses may accrue to the
shoreline and nearshore areas. These losses are not included in these
values because measurement of the losses and methodology to place a
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Table 2A. Assessment of Proposed Structural Control Options for Three Reaches

PV
Effectiveness* Structural.1 c.-..Ti.

PV
Technical PV Benefits

Transaction
Administration

ption Years Percent Costs

$
Assistance

$
Private

$
Public Costs

$

I

II

III

IV

10

15
25

40

15

20

50

95

101,000
125,550
462,650

1,372,000

1,911
1,911
1,911
1,911

10,872
18,957
82,540
251,506

189
484

2,526
8,059

2,036
2,036
2,036
2,036

I

II

III

15

40

40

50
95
95

37,000
395,000
749,500

1,431
1,431
1,431

96,100
298,959
298,959

184
1,084
1,084

4,444
4,444
4,444

I

II

40

50
95
95

558,250
1,476,000

1,482
1,482

598,524
781,365

1,393
1,855

4,425
4,425

1Years indicate the project time period of
indicates effectiveness of structures for

effectiveness of controls. The percentage
that option in controlling erosion.

Table 2B. Assessment of Proposed Non-Structural Control Options for Three Reaches

Reach

Transaction
Administration

Option Costs

Ownership
Restriction

Costs

Private Public
$

Public
Acquisition

Costs

$

Dwelling
Relocation

Costs

$

1 100-foot depth area
200-foot depth area

36,519
36,519

172,512 10,000
345,904 20,000

319,377
599,104

93,100
170,150

2 100-foot depth area
200-foot depth area

115,667
115,667

256,270 0
512,540 0

964,288
1,483,375

540,200
731,550

3 100-foot depth area
200-foot depth area

118,758
118,758

470,452 0
921,304 0

1,399,152
1,850,004

634,800
634,800

Co

o
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value on the losses do not presently exist. Control measures may pre
vent all or some of these losses and thus they would become a benefit
for evaluation of control options. Additional benefits other than pre
vention of losses (such as beach accretion) may accrue to private or
public entities as a result of structural or non-structural control
measures. Likewise, methodology for inclusion of these benefit values
does not presently exist. Thus, actual benefits for control measures
could be significantly higher than those which were included in the
assessment.

Costs for implementation of structures for each option are provided
in Tables 2A and 2B. These costs could be allocated to either the
private or public sector. Costs of technical assistance remains con
stant for each reach. Benefits for each option were calculated from the
potential shoreline erosion loss prevention values based on percentage
effectiveness of structures for that option In controlling erosion.

In comparing the costs and benefits of each structural option for
Reach 1, none of the options should be implemented. However, other
benefits (perceived and non-quantifiable benefits) may dictate selection
of an option. If one of these options is selected for implementation
only $10,872 under Option I, $18,957 under Option II, $82,540 under
Option III, and $251,506 under Option IV should be allocated to private
owner costs. Costs were allocated in this manner to equal identified
private sector benefits. This does not mean that these are the only
benefits which will accrue to the private sector, they are the only ones
identified by the analysis and subject to allocation to the private
sector.

These costs and benefits are not simply additive; combinations of
costs and benefits must be considered for each proposed management
strategy. The maximum monetary costs of restriction on ownership in
Reach 1, the open and undeveloped area, was $172,512 for the 100-foot
area and $345,904 for the 200-foot area. The cost of an ownership type
program with a taking action would be an additional $34,150 (included in
$36,519). For this reach other transaction and administration costs
were small. These options are more expensive than Options III and IV.
Of course they represent a maximum cost whereas some non-structural
control could be implemented at relatively low cost.

Other values in the table are not necessary for the benefit and
cost evaluation but are necessary for a complete evaluation of available
alternatives. Acquisition of property and improvements in the 100-foot
or 200-foot impact areas may be a desirable management strategy or may
be a requirement under the taking issue. For Reach 1, the maximum cost
of acquisition is $139,022 in the 100-foot or $238,394 in the 200-foot
impact areas. This may be a desirable management strategy or may be a
requirement under the taking issue.

A second important factor could be cost of relocation of dwellings.
Relocation could decrease cost of acquisition and make an infeasible
management strategy feasible. In Reach 1, relocation cost could de
crease acquisition cost in the 100-foot area by $23,400 ($116,500 value
of dwellings minus $93,100 relocation of dwellings). That difference
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is $39,000 ($209,150 minus $170,150) in the 200-foot area. Savings
from relocation are relatively small for this area as it 1s character
ized by smaller homes where relocation costs are almost as large as the
value of the houses. With larger, more expensive homes, relocation
costs could be a significant factor in selection of management strat
egies.

In Reach 1, benefits of control were extremely small compared to
cost of structural controls. The non-identified benefits would have
to be at least three times as great as these identified benefits to
make any option economically feasible. Even cost of ownership restric
tion was fairly large.

In Reach 2, benefits are significantly greater than cost for
Option I but significantly lower for Options II and III. Even with
added cost of technical assistance and administrative and transaction
components Option I appears feasible and total costs should be borne
by private owners. Unquantlfied benefits would have to be extremely
large to justify the other two options.

Cost of restriction on ownership is high for this area. The
$256,270 plus $115,667 administrative and transaction costs give a
total of $371,937. Any added costs of acquisition (minus difference 1n
relocation) due to the taking Issue would push this cost past that for
structural controls in Option II and possibly Option III. The owner
ship restriction may have little Impact on mitigation of erosion where
as structural Options II and III eliminate 95 percent of the erosion.

Option I 1s economically feasible. Options II and III appear to
be better alternatives than non-structural ownership restrictions in
this developing area. If implemented, over half of the cost of Option
II should be borne by the public. A significantly larger amount of
Option III cost should be borne by the public.

In Reach 3 potential benefits from controlling erosion were rela
tively high but fairly constant for each erosion rate area in this
mature, developed area. The Identified benefits for Option I were al
most as large as the costs. Only a small number of unidentified bene
fits would make this option feasible. Almost all of the benefits are
private and therefore, most of the cost should be borne by the private
sector. Option II appears to be uneconomic. If 1t were Implemented,
a very large part of the cost would fall on the public sector.

Cost of ownership restrictions ($470,452 plus $118,758) $589,210
plus any cost of acquisition would make this alternative extremely
expensive compared to Option I which also controls 95 percent of the
erosion:

Summary of Assessment Procedure: A complete economic evaluation of
proposed control measures is not provided by the assessment procedure.
Analysis of several important factors was not within the scope of this
study. Those constraints to the analysis were clearly stated through
out the text. Within those constraints, certain conclusions can be
stated. The assessment procedure clearly identifies those structural
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control options for which costs are greatly in excess of the expected
benefits; such as all structural options in Reach 1, Option III 1n Reach
2, and Option II in Reach 3. Benefits other than those Identified
would have to be extremely large to justify the action. Several of the
structural control options do have identified benefits nearly equal to
or in excess of costs and would appear to be economically feasible. For
instance, Option I and II in Reach 2 and Option I in Reach 3 are in this
category.

The procedure also provides an indication of the relative magnitude
of cost for the non-structural measures such as setback requirements.
For instance, an ownership restriction Is preferable to Options III and
IV but would be more expensive than structural Options I and II in Reach
1, the open space and undeveloped area. Of course, acquisition in re
sponse to the taking issue would add significantly to that cost but
would not constitute a prohibitive expenditure. Non-structural controls
become significantly more expensive and rival the magnitude of struc
tural measures in the developing area, Reach 2. Non-structural measures
become very expensive for the developed areas and do not control actual
erosion as structural controls do.

The division, where possible, of costs and benefits between the
private and public sectors provides a reasonable basis for consideration
of allocation of the burden of costs of the program between these two
sectors. The magnitude of the added cost of the proposed programs, the
expected willingness and ability of each sector to pay for the programs,
and an application of the analysis to the federal flood insurance pro
gram are contained in later sections of this report.

Although the assessment procedure for this case study area was
limited to impacts on agricultural and residential type resource areas
which constitute most of Middlesex County and other similar counties
in the coastal area, the basic methodology could with slight modifi
cation be easily applied to commercial, industrial, and more urbanized
areas.

Private Expenditure for Erosion Control

Successful implementation of a proposed program for any reach will
depend on willingness of private property owners to construct or, where
necessary, support the expenditure of public funds. Many owners of
private property located in the study area have already made expendi
tures to protect their property from erosion. While a detailed analysis
of these expenditures was not available, some preliminary observations
can be made.

While the values of control structures were taken from assessment
records, they do Indicate a willingness of private property owners to
make expenditures to protect their property from erosion. The total
cost per foot for several of the proposed control options compares
favorably with the assessed value of previous private expenditures of
$12.46 per foot In Reach 2 and $17.88 per foot in Reach 3. The cost
per foot for proposed option was:
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Reach 1 Reach 2 Reach 3

Option I -$ 10.50/ft Option I - $ 4.19/ft Option I -$ 60.28/ft
Option II - 35.70/ft Option II - 43.89/ft Option II - 158.71/ft
Option III- 8.40/ft Option III- 83.28/ft
Option IV - 115.60/ft

These values represent total cost for the option and an allocation of
the total cost between private and public expenditures would make the
comparison more favorable toward the private sector's willingness to
pay for the private sector allocation of cost of controls.

Costs of Total Shoreline Control

Decision makers must have Information on the total cost of a pro
gram for at least each county. While complete data for determining
cost for a total county were not readily available, a procedure which
gave a reasonable estimate was used.

In order to determine an approximate cost of implementing erosion
control options on all shoreland of the same predominate type as in
each specific reach, information on shorelands use classification for
Middlesex County was assembled. The shorelands were divided into two
classes depending on use. Available data and cost Information limited
the analysis to these two classes. Class I consisted of open and un
developed land and Included agricultural, recreational, government,
preserved, and unmanaged land uses. Class II consisted of developed
land and included residential, commercial, and industrial land uses.
The miles of fastland 1n each class were determined, as well as their
percentage of the total miles of fastland.

As shown in Table 3, Middlesex County had 213 total miles of shore-
land with 152.4 miles in Class I, open and undeveloped, and 60.6 miles
in Class II developed. However, based on the scientific projections
only 25.3 miles of Class I and 17.0 miles of Class II use were eroding
and suitable for management under the proposed options. For illustra
tive purposes costs associated with structural costs in Option I, the
least amount of effort needed, 1n both the open and undeveloped reach
(Reach 1) and the developed reach (Reach 3) were used.

The procedure for the case study area was to allocate projected
erosion control costs to the private sector in an amount equal to the
identified private benefits. The remaining costs were presumed to be
a public responsibility. Because several structural, non-structural or
any combination of control options are available within any area, only
direct costs of structural controls were used for this example.

The 25.3 miles of eroding shoreland classed as I would require a
minimum expenditure of $1,124,777 ($156 added cost per person) in total
cost with $1,078,023 ($150 added cost per person) of that allocated to
the public sector. The 17.0 miles of eroding shoreland classed as II
would require a minimum expenditure of $5,410,733 ($752 added cost per
person) in total cost with $987,360 ($137 added cost per person) of
that allocated to the public sector. Based on this analysis, a program
for only one county becomes extremely expensive.
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Table 3. Projected Costs of Implementig Selected Control Options
for the Total Shoreline in Middlesex County, Virginia

CI ass I Class II2

Open and Undeveloped Area
Total Cost Public Share

Developed Area
Category Total Cost PubH c Share

Feet in shoreland
in reach (ft) 12,000 12,000 9,300 9,300

Cost of structures
for reach ($) 101,000 96,824 558,250 102,630

Cost per foot ($) 8.42 8.07 60.28 11.00
Total feet shoreland

class (ft) 133,584 133,584 89,760 89,760
Cost of structures

total county ($) ,
Population of county

1,124,777 1,078,023 5,410,733 987,360
7,200 7,200 7,200 7,200

Added Cost per
capita ($) 156 150 752 137

Years effective life
annualized cost ($) 10 10 40 40

Added % points to
fiscal effort {%) 6

a for Option

5

I in Reach 1.

17 3

Figures based on dat
2
Figures based on data for Option I in Reach 3.

3
Assume constant population over period of analysis.

The additional cost per person for each option is of course a one
time expenditure which could be paid in one year or over several years.
Therefore, for comparative purposes these costs should be amortized over
a given payment period. A comparison of the ability of different lo
calities to support a public coastal erosion program can be determined
by amortizing cost over time and using a measure of current fiscal effort.
For purposes of this study fiscal effort is used: 1) to look at the
ability of each locality to support an erosion control program by using
its own resources; and 2) to provide a basis for establishing priorities
in the allocation of state (or state controlled federal) funds among
coastal localities. Comparative measures of fiscal effort can be used
to project gross variations in the financial effort of jurisdiction for
implementation of proposed programs with their own resources and to aid
policy-making and administration with regard to grants-in-aid from one
level of government to another. In fact, grants-in-aid are generally
thought of in terms of providing equalization (and defining equalization
as support for a level of public service without gross variation) in the
financing effort of recipient jurisdiction.

The method used in this study to measure each localities fiscal
effort as a percentage figure is:
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2
* ficrai offnH- - revenue from own sources per capita -
s Tiscal eirort - Coraputed revenue capacity per capita"9

This measure of fiscal effort provides a comprehensive picture of local
effort. The basis of comparison of cost per person with fiscal effort
was to compare the per person increase as an annualized percentage in
crease in fiscal effort. This procedure provided the important link
between fiscal effort and a measured need or service requirement for
use in a priority Index. Costs were amortized at an 8 percent rate
over the years of effective life of the structural option.

The added percentage points to fiscal effort provides a basis for
comparison of the cost of an erosion control program for the county.
The use of only Option I represents a minimum necessary effort for each
area. This effort would result in significant increases In fiscal
effort for both total cost or the public share. As shown in Table 3,
added percentage points to fiscal effort was (5 + 3) 8 for only the
public share of costs to (6 + 17) 23 for total cost including both the
public and private share. These increases in percentage points of
fiscal effort do represent a substantial Increase in needed effort
above the current 39 percent just to support one public service program
of erosion control.

Notes

1. The technical assessment for each reach was provided by Robert Byrne
and Carl Hobbs of the Virginia Institute of Marine Science, Gloucester
Point, Virginia.

2. Revenue from own sources includes: property taxes; penalties and
interest; local sales taxes, taxes on utility services; motor vehi
cle licenses; permits, licenses and license fees; service charge on
county owned enterprises; other local taxes; revenue from use of
money and property; fines and forfeitures; and reimbursement for
services to other localities.

3. The "average effort" approach was used to calculate revenue capacity
per capita: true value of real estate x $.0106 plus personal Income
(a proxy for non-property, non-sales taxes and other revenue) x
$.0106 plus number of motor vehicles (a proxy for personal property
taxes) x $27.29 plus local option sales tax collection with the sum
divided by population for standardization purposes.
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UNO USE EFFECTS ON A COASTAL WETLAND
CHEESEQUAKE CREEK MARSH, NEW JERSEY

Carol Russell Collier *

Abstract

Environmental impacts resulting from four contiguous upland
uses on a 583 hectare brackish marsh system are examined. Four
subareas bordered by different land uses were selected for
detailed comparison of the algae and macroinvertebrate
communities, marsh vegetation zones, substrate composition and
soil water constituents.

Biological information is discussed and related to the
environmental effects of adjacent land use activities. Physical
and chemical parameters related to substrate and soil water
composition are analyzed and significant differences among the
subareas are identified. The relationship between substrate -
soil water constituents and vegetation type also is analyzed.

Based on biological information and marsh subarea
conditions, factors having the greatest effect on coastal
wetlands are determined and management alternatives suggested.

Introduction

Understanding the inherent value of coastal wetlands has not
prevented their degradation by filling and dredging activities
and by the products of adjacent land uses. While the need to
protect wetlands is recognized, information concerning the
effects of certain land uses on coastal marshes is lacking.
Sound management plans can be proposed, however, if the physical
parameters controlling the biological communities of coastal
marshes can be identified, and the relationship of these
parameters to man's activities determined. For instance, if it
is found that a change 1n substrate causes a change in
vegetation type, then any land use affecting marsh sediments
must be carefully analyzed.

This paper analyzes the effects of selected land uses on a
salt marsh system by examining biological, physical and chemical

* Carol Russell Collier is a Project Biologist In the Engineering
Planning Department of Betz«Converse*Murdoch<Inc, One Plymouth
Meeting Mall, Plymouth Meeting, PA 19462.



parameters in four subareas of a marsh bordered by different
land uses. Two levels of analysis were used: 1) investigation
of differences among marsh areas backed by various land uses;
and 2) the study of relationships between physical and chemical
characteristics of the substrate and the biological community,
and the effects of different land uses on these abiotic factors.

For both analyses, the following parameters were studied:
bulk density, percentage of organic matter, particle size
distribution and pH of the marsh sediments, the salinity of soil
water, the micro-elevation of the soil surface, the vegetation
zones of the area and the algal and macroinvertebrate
communities. In addition, the sediment was tested for its iron
content, extractable phosphorus, nitrate, manganese, magnesium
and potassium.

Study Site Description

To test the impact of land uses immediately adjacent to
coastal wetlands, field work was conducted at Cheesequake Creek
Marsh, a small embayment off the Raritan Bay in Middlesex
County, New Jersey (see Figure 1). This marsh was chosen for
three reasons. First, it is a drowned embayment with tidal
distributaries but no major river input, a condition which
eliminates any upstream effects. Second, it is surrounded by
steep slopes of highly erodable soils, which makes sediment
deposits in the marsh likely if erosion is occurring. The most
important reason for studying Cheesequake Creek Marsh, however,
is the variety of land uses adjacent to the salt marsh. The
south side 1s bounded by Cheesequake State Park, currently
wooded, which serves as a control area. Single-family homes,
apartment complexes, and an abandoned sand and clay mining site
border the western end of the marsh. Boat marinas and a
sanitary landfill are located along the north shore. In
addition, the Garden State Parkway cuts north-south across the
middle of the marsh. The four marsh subareas chosen for
detailed analysis are illustrated in Figure 1.

Methodology

Field work was conducted at Cheesequake Creek Marsh between
January and May, 1977. The following parameters were analyzed:
vegetation zones, algal macroinvertebrate communities, micro-
elevation and composition of the substrate.

Biological Communities

Algae, macroinvertebrates and marsh macrophytes were
examined. The algal populations were sampled in the control
area, the marsh near the development and in front of the
sanitary landfill. Sampling devices containing two glass
microscope slides were left in the marsh for five weeks to allow
the algae to establish themselves on the glass substrate.
General observations of the macroinvertebrate populations were
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made in the four subareas. Vegetation maps were drawn for the
four subareas, using aerial photography and ground truthlng.

Physical and Chemical Factors

Transects: A total of seven linear transects were run,
three in the control area, three in the development area and one
to the west of the Garden State Parkway. The transects were
laid out so that a maximum number of vegetational zones were
surveyed. Each time a major plant zone was encountered, its
relative elevation was measured, and a sediment and a water
sample were collected. All samples were collected from the
middle of each vegetation zone.

The relative elevations of the different vegetational zones
were measured with an Abney Level. Actual measurements of
elevation can be compared within each study site but not between
them. At each sampling point, a volumetric sediment core was
taken. Soil pH was tested 1n the field.

Forty-two soil cores were analyzed at the laboratory for
bulk density, organic matter content, particle size distribution
and chemical constituents. Particle size distribution was
analyzed using the wet sieve method discussed in Methods for
Soil Analysis.* The sodium chloride concentration of the soil
water was determined by the silver nitrate titration method
described in Standard Methods for the Examination of Water and
Wastewater.** ~thi analysis 51 Tron content, extractable
phosphorus, manganese, magnesium and potassium was conducted
using a LaMott soil analysis kit.

Results

Biological Communities

Algal Populations: Diatoms (Bacillarlophyceae) were the
dominant algal type at the three marsh areas sampled: the
control area, area near the housing development and area near
the sanitary landfill. Green algae (Chlorophyceae) and
blue-green algae (Myxophyceae) were also present. The marsh
bordering the sanitary landfill had the largest diatom
community, containing 13 times the density found near the

* Black, C. A., D. D. Evans. L. E. Ensmlnger, J. L. White and F.
E. Clark, 1965.
Methods of Soil Analysis (Vols. I & II) Madison, Wisconsin:
Amer. Soc. of Agronomy, Inc. 1572 pp.

** APHA, AWWA and WPCF
Standard Methods for the Examination of Water and Wastewater,
15th edition, 1975.
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development and 9 times the density of diatoms 1n the control
area. By rough calculations, the diversity in the control area
was determined to be higher than that of the landfill site.
The diatom diversity was also high near the development and
mining site.

Macrophytes: Nine major plant types were observed at the
Cheesequake C~reek Marsh site. These usually occurred as
monotyplc zones. In the control area and the marsh bordering
the housing development, Spartina cynosuroides formed a border
along the creeks and mosquito ditches. Other plants found in
the control area were S. patens, Distichlis spicata, Iva
frutescens, Scirpus olneyi and S. americarius. Phragmites
australis~and Typha angustifolia.

The development area had a greater percentage of Phragmites
and Scirpus than the control area, but also contained S. patens7
D. spicata, I. frutescens, and T. angustifolia. In addition,
"Juncus effusus and EleocHaris sp. were conmon. There were more
forbs present in the development site than in any other
subareas.

The marsh bordering the Garden State Parkway had the most
notable zonatlon. In this area, S_. alterniflora was found along
the creek edges. In a transect from the creek to the parkway,
the plants appeared in the following order: S_. alterniflora, S.
patens, D. spicata. J. effusus. S. patens. I. frutescens. F,
austral is.

The area bordering the sanitary landfill was dominated by a
mixed zone of S. patens and D. spicata with S. alterniflora
along the creek TjankTi

Macroinvertebrates: Few macroinvertebrates were observed on
Cheesequake Creek Marsh during the site visits; this dearth of
individuals can probably be attributed to the early spring
sampling. The most noticeable macroinvertebrate on the marsh
was the red-jointed fiddler crab (uca minax). The fiddler crab
was observed 1n the control area and along the Garden State
Parkway. A few borrows were noted In the development area. The
salt marsh snail (Melampus bidentatus) was common in the control
and parkway area and rare In the development site. The little
macoma clam (Macoma balthica) and the ribbed mussel (Modiolus
demissus) were found Tn tne control area. Anthropods ami
isopods were found in the control area and along the parkway.

Physical and Chemical Factors

Physical and chemical parameters were tested to compare
different vegetational zones in three subareas of the marsh:
control area, the area bordering development site and the area
adjacent to the parkway. Table 1 presents the mean values of
physical and chemical parameters by marsh subarea. Table 2



TABLE 1

MEAN VALUES OF PHYSICAL AND CHEMICAL PARAMETERS

BY MARSH SUBAREA

CONTROL
AREA

DEVELOPMENT
AREA

PARKWAY
AREA

BULK

DENSITY (g/cm3) 0.18 ±0.06 1.02 ±0.42 0.62 ±0.28

SALINITY (PPT) 13.22 ± 4.00 2.18 + 3.34 18.80 + 6.48

PERCENT 9.58 ± 6.29 48.53 ± 39.53 20.18 ± 27.01
SAND

PERCENT

ORGANIC
MATTER

PH

IRON (PPM)

49.29 + 11.67 8.93 ± 7.04 13.76 + 9.70

6.40 ± 0.30 5.90 ± 0.70 6.44 + 0.17

17.52 ± 21.24 32.05 ± 25.84 6.76 ± 1.65

EXTRACTABLE
PHOSPHORUS (PPM) 75.00 ± 17.68 14.89 ± 9. 67.50 + 63.49

NITRATE

NITROGEN (PPM) 3.13 ± 1.25 9.92 i 11. 7.00 + 10.06

POTASSIUM (PPM) 147.50 ± 32.05 70.00 ± 45.40 168.00 + 48.68

MAGNESIUM (PPM) 16.86 ± 12.54 9.60 ± 9.08 20.00 + 0.00

MANGANESE (PPM) 9.29 ± 14.56 1.00 + 2.11 5.80 ± 1.79

323



MEAN VALUE OF PHYSICAL ADO CHEMICAL PARAMETERS BY VEGETATION GROUP

Bulk Density Salinity
g/cs3 PPT

Relative Elevation
en.

Distance free Upland
o. Percent Sand Percent Organic Matter

Soartina patens 0.257 i 0.131 13.44 • 5.89 62.76 2 53.21 37.01 2 21.94 7.97 2 4 .99 42.74 i 18.93

Sparttna cynosuroides 0.682 i 0.257 9.80 ! 3.17 15.24 t 13.21 47.55 t 11.53 17.35 ! 21 .91 11.40 * 8.39

Iva frutescens 0.300 1 0.348 14.80 2 3.22 75.1B 2 43.31 21.52 t 16.61 9.72 2 8.95 42.36 ♦ 22.91

Phracpltes coorunls 0.732 i 0.532 6.64 1 5.81 64.24 2 66.01 23.84 1 32.90 40.27 t 39.72 19.32 • 18.93

Scirpus spp. 1.176 2 0.513 2.58 t 5.43 65.02 2 61.52 28.86 • 26.33 61.10 t 40 .52 10.94 2 16.82

Juncus effusus 0.653 ± 0.186 13.65 2 19.16 5.08 t 10.16 '54.86 1 42.23 32.77 i 31 .53 12.32 1 3.18

Typha anqusttfolta 0.765 ! 0.515 0.20 t 0.10 80.01 ! 74.93 44.96 i 40.39 0.00 23.50 ± 9.70

Eleocharts sp. 0.77 12.7 1.22 9.20 11.50

Iron
pH PPM

Extractable Phosphorus
PPM

Nitrate Nitrogen
PPM

Potass! ua
PPM

Magnesiun
PPM

Manganese
PPM

Sparttna patens 6.4 • 0.3 13.77 1 21.57 78.13 2 69.50 2.50 i 0.00 152.50 t 49.41 20.80 2 12.78 13.00 t 16.05

Sparttna cynosuroides 6.2 2 0.2 47.40 2 29.92 43.77 t 27.23 11.50 • 15.59 136.67 ; 35.57 16.76 * 5.77 0.00 i 0.00

Iva frutescens 6.5 t 0.1 6.02 * 2.03 70.83 i 31.46 2.50 t 0.00 171.67 t 30.14 20.00 J 0.00 5.00 2 0.00

Phraqaltes cooainis 6.3 2 0.4 14.04 2 10.49 28.50 2 27.36 6.50 2 7.62 85.00 ! 50.40 11.33 2 9.61 2.50 * 2.74

Scirpus spp. 5.4 2 1.0 20.98 2 18.13 12.50 2 0.00 2.50 2 0.00 37.50 2 17.68 2.00 i 2.83 0.00 1 0.00

Juncus effusus 6.6 48.75 2 27.50 12.53 2 10.80 25.00 101.67 • 85.20 9.33 2 9.24 3.00 2 5.20

Typha anqustifolia 5.7 35.00 2 27.5 12.5 2.50 90.00 4.00 0.00

Eleocharls sp. 5.8 62.5 ... ... ... ... —
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presents the mean values of physical and chemical parameters by
vegetation group. The significance of the differences among the
mean values from the three subareas was tested with a two-tailed
t test (P = 0.05).

The control and development areas differed significantly in
their bulk density, salinity, percent sand, percent organic
matter, iron content, extractable phosphorus, nitrate, potassium,
magnesium and manganese. The control and parkway areas differed
significantly in the following factors: bulk density, percent
sand, percent organic matter, iron content and potassium. Signi
ficant differences between the development and parkway areas were
found in salinity, percent sand, iron content, extractable phos
phorus, potassium, magnesiun and manganese. There were no signi
ficant differences in nH among the three areas. Table 3 summa
rizes the findings of the four subareas.

The marsh bordering the housing development and mining site
exhibited the highest bulk density, percent sand, iron content
and nitrate levels. It also had the lowest salinity, percent
organic matter, pH, extractable phosphorus, potassium, magnesium
and manganese values. In general, the values for the parkway
subarea fell between those of the development subarea and the
control subarea. However, the parkway subarea did have the
highest levels of salinity, pH, potassium and manganese and the
lowest level of iron.

The following relationships were noted between physical and
chemical factors and vegetation ccirmunities. The highest bulk
density values were found in stands of Scirpus spp. High values
were also found in T. angustifolia, P. austral is, S. cynosuroides
and J. effusus. Scirpus spp. had the lowest salinity values
while J_. frutescens had the highest. There was an inverse rela
tionship between relative elevation and distance from the up
lands, with Juncus effusus being found at the lowest elevation
and farthest from the firm ground. The highest percentage of
sand and the lowest percentage organic matter were found in
stands of Scirpus spp. while the reverse was true for S. patens.
Scirpus spp. also had the lowest pH values. The sample closest
to the uplands, which supported Eleocharis sp., contained the
highest level of iron. Phragmites austral is exhibited a very
high standard deviation for all of the physical parameters.

Discussion

From the analysis of marsh subareas, it can be determined
that the physical nature of the substrate has been and continues
to be altered by the housing development and Garden State
Parkway. Due to the low pH values and high sand content,
substrate samples from the development area have a low cation
exchange capacity (CEC) compared with the organically rich soils
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Harsh Area

A

TABLE 3

REPORT FINDINGS BY HARSH SUBAREA

Adjacent Land Use

Cheesequake Creek
State Park

Housing Development
and Abandoned
Mining Site

Sanitary
Landfill

Garden State

Parkway

Findings

1. Algae conmunity - high diversity

2. Macroinvertebrates - highest density of
fiddler crabs and salt marsh snails;
anphipods and Isopods

3. Physical and chemical factors

• highest - percent organic matter
extractable phosphorus
manganese

• lowest - bulk density
percent sand
nitrate nitrogen

1. Algae conmunity - high diversity,
lowest density

Hacro invertebrates
diversity

low density and

3. Physical and chemical factors

• highest - mean bulk density
percent sand
Iron content
nitrate nitrogen levels

• lowest - salinity
percent organic matter
pH
extractable phosphorus
potassium
manganese
magnesium

1. Algae conmunity - highest density,
lowest diversity; highest proportion of
blue-green algae

2. Macroinvertebrates - not sampled

3. Physical and chemical factors - not
sampled

1. Algae - not sampled

2. Macroinvertebrates - fiddler crabs,
saltmarsh snails, anphipods and
Isopods; second highest density and
diversity

3. Physical and chemical factors

• highest

• lowest

salinity
potassium
magnesium
iron content



of the natural marsh. The CEC of the soil represents the
ability of the substrate to retain nutrients and heavy metals.
The higher the CEC, the more ability it has to retain cations.
The soil grain size differences observed 1n the three marsh
subareas may be the major cause of differences noted in the
chemical data.

The control area can be characterized as having peaty soils
and a high cation exchange capacity, factors which allow for
maximum retention of nutrients and toxins. There is a high
diversity in the biological communities and a high aesthetic
appeal. The area bordering the housing development contains
very sandy substrate with a low cation exchange capacity. There
is a delta of sand actually washing out onto the marsh. Upland
vegetation is encroaching on the marsh in this area and the
aesthetic value 1s very low. The marsh creeks bordering the
sanitary landfill are characterized by organically rich waters
that contain dense algal populations. The area has very low
aesthetic appeal. Clear zonation of vegetation and sediment
type is evident along the Garden State Parkway.

Judging from the Cheesequake Creek Marsh Study and
literature review, it seems that the land uses or activities
with the most effect on the biological conmunity of marshes are
those which alter the circulation pattern of the marsh waters,
change the freshwater dilution factor, alter the cation exchange
capacity of the marsh substrate or affect the nutrients Input
into the marsh system.

Management Recommendations

From a planner's perspective, the task is to manage the
marsh and surrounding area so that the marsh system can operate
most efficiently with the least detriment to the neighboring
land uses. The objective is to obtain the highest natural
productivity for the marsh without increasing nuisances, such as
mosquitoes and odor, and without unduly restricting the
surrounding land uses. The following management alternatives
are suggested to reduce the impact of adjacent land uses on
coastal wetlands.

Sediment Control

Eroded sediment entering the marsh or the open estuary
causes a loss of marsh environment, lowers habitat diversity,
reduces primary productivity, clogs gills and filter feed
mechanisms, causes behavior modification in fish, changes water
chemistry, increases temperature, and reduces dissolved oxygen
levels. Judging from this study, it seems that the large amount
of mineral sediment in the western section of the marsh reduces
the pH and cation exchange capacity (CEC) of the substrate,
which, in turn, reduces the nutrient and heavy metal trapping
ability of the marsh.
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To stop the sediment problem, a vegetated buffer zone is
proposed. Lands surrounding the housing development should be
vegetated and a retention pond built to trap the previously
eroded sediments. Holding basins should be added to the storm
sewer system and strict conservation measures should be enforced
during construction activities. The sediment which is trapped
in the settling ponds should be transported to the eastern end
of the marsh and planted with Spartina alterniflora to protect
the sediment from rising sea levels and wave erosion.

Marsh and Estuary Hydrology

All proposed roadways should be elevated on pilings rather
than built on a marsh surface to prevent alteration of water
circulation, flushing rate and salinity regime. There should be
no obstructions in the major channels.

In addition, the freshwater flow from uplands should not be
altered or diverted. Impervious surface areas 1n the adjacent
uplands should be kept to a minimum to prevent pulse flooding
and to promote steady groundwater input.

Water Level Fluctuations

The water level of the marsh will be affected by adjacent
upland land uses and by ditching programs for mosquito control.
To ensure a steady water level, a vegetated buffer zone should
encircle the marsh, impervious surfaces should be minimized, and
well pumping rates should be monitored.

Open marsh water management is a more ecologically sound
approach to mosquito control than drying out the marsh. Ditches
are dug only where necessary to connect mosquito breeding sites
with tidewater or ponds, providing Fundulus heterociltus and
other mosquito predators access to the mosquito breeding
grounds. The lowest, most productive marsh is not altered and
permanent ponds are not drained.

Water Quality

Runoff from the uplands, input from the ocean and estuary,
and the nutrient retention capacity of the soil have a critical
influence on algal communities and macrophytes. To maintain the
nutrient balance, the cation exchange capacity of the marsh
substrate should be maintained by reducing the amount of mineral
sediments entering the marsh, and limiting the nutrient sources
on the uplands.


