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Abstract

Natural tidal mershes are evaluated in monetary terms. By-
product production (fisheries, ete.) on a per~acre basis yields a
value of only about $100 per year, even when the whole value of the
fishery is imputed to the marsh. More intensive uses, such as oyster
aquaculture, which preserve many of the natural functions of the
marsh-estusrine ecosyatem, have a potential up to $1000 per acre per
year. The potantial for waste asstmilation fis much higher, about
$2500 per acre per year for tertiary treatment. Sumation of the non-
competing uses approaches an ecological life-support value of sbout
$4000 per acre per year, based on the gross primary productivity (in
energy terms) of the natural marsh, using a conversion ratioc from
anargy to dollars based on the ratio of Gross National Product to
National Energy Consumption. When these annual social values of
§2500~$4000 are income capitalized at 5% interest the estimated total
social values are §$50,000-$80,000 per acre. Some estuaries, such as
the Potomac or the Hudson, are now performing waste assimilation work

of even greator value, but such astuaries are overloaded to the point

of degradation.
Analysis based on the total value of the life support role of &

netural tidal marsh-estuary suggeats that a strategy of optimization
in land use planning should replace, or supplement, reliance on the
pricing eystem which is inadequate for preservation of Ratural systems
that increase in value with the intensity of adiacent davelopment .
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Imtroduction

The objective evaluation of different land use strategies has
been geverely hampered by the difficulty of stating the value of
alternate objectives in a common curreacy. Coat accounting techniquea
for industrial, commercial and residential inrerests are well
developed and these interests can bring strong pressures to bear
because of the nearly universal acceptance of evaluation techniques
which show the cash value of a particular management alternative.
Against these evaluation tachniques conservacionists and vatural
resource econcomigts havae beaen at a disadvantage becsuse of tha '
difficulty of translating the value of natural or undeveloped areas
into monetary terms. Frequently, therefore, the alternative manage-
ment decision of leaving land in its natural state is not adequately
defended nor seriously considered. Although recreation, for instance,
is recognized as a legitimate land use it is difficult to place a

cash value on the esthetic pleasure derived from an unspoiled forest

or a natural lake (for a discussion of this problem, see Fope [1972]).
As a result, hearings on proposed land use developments are usually
charged with a great deal of emotion and frustration for all parties
invelved. In this paper we develop a2 stepe~wise means of assessing the
true value of natural tidal marshes to society as a whole—a value

‘based not only on commercial usage, but on soclal usage and the monetary
value of natural (i.e. "undeveloped") estuarine environment,

Tidal marshes .are-lands which are particularly vulnerable to
capricious development [W. X. Odwm, 1979), because many of the real
values of the marghes are not recognized, or acerue some distance from
the marsh ftself, ZTeal [1962] estimated that 45% of the net primary
production of a Georgla Spartina altermiflora marsh was fluahed into
the adjacent bay by tidal action. Odwm and de la Crus [1967] esti-
mated that the net export of organic matter (which tnciudea many
wineral nutrients) frem 62 acrce of euch marah was 100 1b and 310 1b
on a neap and spring tidal cycle respectively, Stowe et gl., [1971]

1
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have s«stimatad that well over ona half of the total production of
organic matter in a Gulf coast estuary originates from the surround=-
ing marshes. In this way coastal marshes and other shallow water
production areas (reefs, seawveed and seagrass beds, etc,) all over

the world export mineral and organic nutrients that support much of

the production of the adjacent eatuarine and coastal waters [F. P.
Ocdian, 1971]. Furthermore, as is well documented, estuaries serve as

4 nuraery ground for commercially important coastal fish and shellfish.
MoHugh [1966] estimates that two-thirds of the cash value of species .
harvested on the Atlantic and Gulf coasts are "estuarine dependent."
Thus, productive marghes are an integral part of the estuarine system
which not only exports nutriente but also grows gaafood thar may be
harvested in adjacent waters. Nursery ground 4s not the only valuable
function of an undisturbed marsh, but it is an important, and now
generally recognized, one, Even though the warsh may be privately
owned the production of that marsh does not, at present, accrue
direct}y to the owner, but to a commercial fishery, parhaps many milaes
away. Thus, the true valde of a flowing~water exporting system must be
based on a much broader cost-accounting than is usually employed in
real eastate evaluation.

At the other end of the spectrum of interested parties is the
land developer. Because the coasta 'are often the most denaely popu-
lated parts of the country, there is strong pressure to £ill marshland
for commercial, industrial and residential use. Indeed, with high
warsh in prime commercial areas of Naw Jersey selling for as much as
jgglgooo per acre, the economic incentive to develop marshland is

ATl
extremely strong. Califorunia hae lost 67% of its marshland in this .
way, New York and New JYersey 104252 ([Sweet, 1971]. Additionally,
alterations in natural processes brought about by land management’ .

decisions strongly influence coastal marshes. Louisiana, for example,
is currently losing 16.5 square niles of marshland per year, largely
as a resulr of msnpgement: practices for the Mississippi, Red and
Atchafalaya rivers [Cagliano, Koon and van Beek, 1970].

2
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In the paragraphs helow we present first rhe value of a natuzal
tidal marsh-estuary based on identifiable present commercial and
recreational uses for which monetary values can be rather well
determined. Since this omits a number of other values the marsh has,
which are identifiable, but more difficult to quantify, we discuss
next some potential additional values and attempt to equate these with
dollars., Thirdly, we calculate the total "life support" value of the

tidal marsh according to the procedure suggested by Cdwm and Odum
{1972]. Finally, a summary table is presented which 13 a method of

integrating and summing values as a basis for land use planning in

the coastal zone.
Fishery Production Based on Harvest of Naturally Produced Organisms

5ince, as already acknowledged, fishery production in estuarine
and coastal watcers 4is linked to shallow water production zones such as
tidal marshgs; reefs and seagrass beds, one can setimate tha presant
value of 2 unit of marsh and its associated tidal creeks by evaluating
the dependent commercial fishery. For instance, on the Georgia coast
the dockside value of fish and shellfish (ineluding shrimp) in 1965
wae $3.7 willien [Carley, 1968]. value added in processing amounted to
$5.23 million, raising the total value to $8.9 million (Table 1).
Georgila has 393,000 acres of coastal marshland [Spinner, 1969]. Directe
ly proportioned this works out to about $23 per scre per year.* Sport

Conventional economics would dictate that a portion of the value of the

catch be imputed to labor, capital (i.e., the shrimpboats), and management.
Such an approach appears logieal, hut the value of the £ish and shellfish

then becomes zero, as a common property resource, i.e., the fish are worth
nothing until caught, and when caught their £inal price is allocated among

the fishery-owned inputs used in their capture. The present approach, im-
puting all of the value of the fish to the area providing che beginning of

the food chain and the nursery space, indicates the dependency of jobs and
commercial fisheries on the exisrence of these free resources. To be more
complete, an attempt might be made at evaluating the consumer surplus de-
rived from the consumption of these marine products, that is, the difference
between purchase price and the highest price that the consumer would be will-
ing to pay. (Example: & consumer buys and enjoys a pound of shrimp for $1.50,
but would be willing to pay $2.00 per pound rather than do without shrimp.

The difference, 50¢ per pound, is his consumer surplus, and is attributable to
the productivity of the marsh.) '

3
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TABLE 1. Patimated Annual Value of Estuaries for Current Level of
Shellfish and Sport Fishing on the Georgla Coast, on the
Assunption that Fisheries Depend on the Marsh-Estuaries

Lying within the Quter Barrier Islands.

Dollars Per Year Dollars Per Acre

pillion per year3
Shell-Fishery'
Dockaide value (1965) 3.7
Value added (in processing) 3.2 *
Total . 8.9 $23
Sport Fishing
281,418 salt-water fishermen @ $80° 22.5 57
Recreation other than sport
o fishing (bosting, hunting) 11.2 _28
Annual Value per Acre , $108

lngy, 1968.

zodhm, E. P., 1968, page G-12, Table 8; prorated to include whole state.

SAssuging 393,000 acres of coastal marsh estuaries in Georgia (Spinner,
1969).
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'l’ fishing along the Georgia coast is‘esuimated to involve 280,000 fieher~-
men who spend an avergge of $80 each per year [F, P, Odion, 1968]. Other
recreational uses such as hunting and boating are arbitrarily valued at
one-half the sport fishing so that a total fishery and sporting value
comes to $108 per acre per year (Table 1). Comparable statiatics for
louisiana and rlbrida marshes are shown in Table 2, They vary somewhat
from the Georgila figure but yleld similar estimates suggesting a minimal
value of about $100 per year per acre of marsh just from the standpoint
of fishery and recreational values.

: These figures place a value upon a plece of real estate which is

f .easily comprehended in terms of present evaluation techniques. Using

' the income-capitalization approach (see Barloawe [1965], page 188) the
formuls, V= R/{ whare V raeprasents the value of a parcel of land, R
Tepresents the annual return from it, and i represents the appropriate
interest rate, it may be easily seen that the miniwum value of an acre
of marshland, due to fishery and recreational returns is $2000, if R =
$100 and we aBsume an intereat rate of 5%.

‘ Admittedly the estimate of $2000 can be questioned aince one
cannot prove that all the fishery would be destroved if the marshes
were; nor can one say exactly how many acres of marsh are necessary to
support the present level of fishery activity in estuarine and offshore
waters. And, repeating, all of the value of the fishery harvest is here
imputed to the marsh, imputing nothing to capital, labor and management ,
The low Spartina alterniflonz marshes, because they are subjected to
vigorous tidal flushing that acts as an "energy subsidy," are certainly
more valuable per unit ares for estuarine productivity than the higher,
dwarf Sparting or Juncus marshes [Ochon and Fanning, 1973]. Of ecourse,
if the latter cover large aress, the total comtyribution cau be consider=
able. As we xim to lhow aven this inflated value based only on the
harvest of naturally produced by-products falls far short of the value
obtained by a more coupleté cost accounting that inecludes other, and in
the long run, more 1nport4nt considerations.
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TABLE 2. Annual Value of Coastal Marshland for Commercilal Fisheries in
’ Louisiana (1970) and Florida (1971.).1

Lbs per Year Dollars per Year Dollars per Acre
a;llion million / g:? yefri~5\\

louisiana Pigshories

Oyster 8.6 3.6
Shrimp 91.0 34,6
Blue Crab 10.3 .9 .
Atlantic Menhaden 959.8 19.9
Finfish (other than
Menhaden) 4.2 o7
~ Total Dockside Value 59.7
Value Added in Processing
(75% of dockside value) 44,9
Total Value 104.6 $48

Florida Fisheriea

Shellfish 61.5 28.4
Finfish 103.8 14.8
Total Dockside Value 43.2
Value Added in Processing
(75% of dockside value) 32.5 -
Total Value §75

1U.S. Dept. of Commerce, Current Fisheries Statistics KO. 5794 and 5919.
Louisiana Landings, Annual Summary 1970.

zuaun:ln; 2.2 million acres of saline and brackish marsh in Louisiana
{Chabreck, 19701, 1.05 million acres of total estuarine habitat in
Florida [Sweet, 1971].
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x

Aquaculture Based on the Utllization of Natural Primary Production

Another approach to evaluation of land is to consider its poten=-
tial for development; this is usually the major f:ctdg_iﬁhéonveniional
real estate deal#gg;. In escuaries, development could range anywhere
ééé;ijgﬁen11Ve aéunrulture to drainingm§ud £1lling for industrial or
6thar use. Since this paper is concerned with evaluation of natural
marshes we will congider only practices which would use the marsh as
A Tenewable Tesource, but retain it in its more or less self-maintain-
1ng natural scate. Oyster aquaculture provides a promising possibility
since less modification of the estuary is required than for inrensive
shrimp or fish culture. Coastal estuaries can certainly support oyster
production on a more intensive scale than is found At present. Estimates
for income that might be obtained from this kind of developient are
shown in Table 3. Annual yields of 1800 pounds of oyster meat per acrae,
wvorth $1000 (with value added), were obtained by the late Dr. Robert
Lunz, with moderately intensive eulture in the marsh~bordered zstuaries
at Bear Bluff, S.C. [E. P. Odwn, 1968]. A well-managed, leased oyster
ground with heated hatchery and larval feeding yields about 4500 pounds
‘ of oyster meat per acre with a wholesale value of $1,575 per year. Very
intensive raft culture, as developed in Japan, with rafts covering one~
fourth of the water surface, could theoratically vicld as high as 17,500
pounds per acre [Bardach, 1968] et a value of $6,125 per year (Tablae 3).
This kind of intensive aquaculture is possible only in flowing water
systems where the organic production of a large area passes across the
oyster rafts, sod the feces produced by the coucentrated oyster popula-
tion are glso carried away from the rafte. For instance, if the net
primary production of a marsh-estuary system is about 18,000 pounds d
veight per acre (Table 6 and Stowe et al. (1971]) and & 10% converlicn
efficiency to oyster meat ig &éssumed, then the primary production of
4 acres is required te support 1 acre of intensive raft culture of

oysteras.
Applying the income-capitalization approach as described in the
preceding section, the three egtimates for annual return for oyster

¢ 016532 C-016324
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TABLE 3. Estimates of the Annual and Total Values of an Acre of Tidsl
Marsh-Estuary in Terms of ite Potential for Aquaculture

~ Pevelopment

Total Income

quin%iutian
Value (roun
Annual figures, at
Return intaragt rate
of 5%)

Oyatar Aquicultura - Moderate Culture Level

1800 1b oyster meat per yr @ $.35/1b2 § 630 $ 12,600
Oyster Aquaculture ~ Intensive Culture on

Leased Oyster Grounds

4500 1b oyster meat per yr & $.3_"'a/.‘l.b3 1,575 31,500
Oyaster Aquaculture = Intonsive Raft Culture

17,500 1b @ §.35/1b° 6,125 122,500

J'See text for explanation.

2O«:ium. E. P., 1968, Page C~15, Table 11; based on data of R. Lune.

3pandach, 1968, p. 1102 and Table 1.
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lture development wouli plsce the value of an acre of marsh-estuary

$12,600, $31,500 and $122,500 for increasing intensities of oyster
dulture (Table 3). Agaiy these figures impute no value to the capital,
labor and management inwlved in the harvest. The value for intensive
culture, in particular, is inflated, because of the high energy subsidy

required to achieva this lavel of secondary productionm.
Waste Treaiment Work as a Basis for Economic Evaluation

The shortcomings of evaluating emviroument in terms of direct uses
or products only, is that piuch cost-accounting ignores the extremely
valuable life-support werk that natural areas carti on without' any devel-
opment or direct use by man. It 1a this "free work of nature" that is
groesly undervalued, simply because it has slways been taken for granted,
or asgumed to be unlimited in capacity. DBecause development by man may
adversely affect this work, it is important to evaluate it before deciding
what kind of development, if any, is in the long~term best interest of

th the environment and the economy.

One very important contribution estuaries make to the growth and
economic wealth of highly urbanized regions 1s the waste treatment
that active ecosystems can sccomplish without appreciable reduction in
water quality. Sweet’s [1971] estimate of the waste assimilated by five
mid-Atlantic estuaries, in terms of BOD load received, is shown in Table 4.
In general, the sewage discharge in these estuaries has received at least
primary treatment. The secondary treatment work done by these estuaries
to remove an average 19.4 1b BOD per acre par day can be valued at $283
per acre per year, assuming incremental secondary treatment cost of §$.04
per pound (Table 5). Hovever, waste assimilation in estuaries does not
stop at the "secondary” stege but continues through the "tertiary” stage
of nutrient removal and sssimilation., Since artificial terciary treat-
mpent of sewage is very wch more expensive than secondary, then an acre
of marsh~estuary ia doing about §14,000 worth of work per year at s daily
loading of nutrients equivalent to 19.4 1b BOD, assuming the cost of

C—016326
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TABLE 4. Preseat Waste Loading of Mid-Atlantic Estuaries.®

Area Pounds BOD Discharged Average BOD Load
(acres) _per day after treatment (per acre=-day)
Delavare 70,500 1,030,000 14.6
Potomac 17,000 140,000 8.2
James 5,120 225,000 44 .0
Rast River 18,800 339,000 18.0
Hudson 5,250 525,000 100.0
Mean (weighted) 19.4

1Data from Sweet, 1971.

10
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artificial tertisry treatment is $2/1b BOD (Table 5). 1In other worde,
this is what it would cost wan to deal directly with his wvastes, 1f the
acre was not available to do this work, Resorting, again, to the income-
capitalization calculation an acre of estuary that 1s able to handle the
mean waste loading shown in Table 4 is worth a whopping $280,000 (Table 5,
Column 2). It is no wonder that large cities and industrial complaxes
tend to be located where large bodies of water are available for "frae"
trastument planteg!#

Of course, it is apparent that mid-Atlantic estuaries are now over-
loaded (see especially Hudson snd James estuariex, Table 4) to the extent
that oxygen and other warer quality aspects are reduced to an undesirable
level, especially in terms of fisheries and recreation. The value of
$280,000/acre thus represents a large "overload" of work that has ssrious
Pollution side-effects, and 1f continued or increased could result in
system breakdown. If the BOD load can be reduced, these estuaries would
function better as tertiary treatment plants and be mors valuable overall.

It a detailed study of the Delaware estuary the Federal Water
Pollution Control Administration estimated the cost of waste treatment
to increase the minimum dissolved oxygen level to 4.5 parté per million
(a v;ry wminimum water quality level) at $460 million (amortized capital
and operating costs for 25 yaars). Thie works out to $264 per acre per
year. The resulting improvement in water quality would yield recreational
benefits and, more important, reduce stress on the system's ability to do
tertiary treatment. It seems a small annual price to pay $264/acre to
insure that the acre can safely do thousands of dollars of work freel

It is clear, then, that estusries are not really effective in
secondary treatment, because large amounts of orgamic mstter introduced
into systems naturally high in organic detritus reduce the dissolved oxygen

* Some people would raise the issue of whether or mot thia work would be done
at all if payment were necessary, and therefore whether it is appropriate

to evaluste the marsh's work on such a basis. The answer is obvious. With-

out such treatment, accelerated pollution accumulation would soon exact
payment, either through direct payment or indirect meAns. such as incrsased
medical costs, loas of recreational areas, lose of figheries, etc.

11
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TABLE 5, Estimated Value of an Acre of Marsh-Estuary in Terms of Waste ‘
Asaimilation, '
Annual Tncomaw 1
Return Capitalization 1
14
For Incremental Secondary Treatment ?
of Domestic (organic) Wastes d
19.4 1b BOD removal per day (sea i :
Table 4} @ $.04/1b 5283 $5,660
For Tertiary Treatment of Domestic ’
(organic) Wastes
Phosphorous removal (see text) $480 = $1,420 §9,600 -~ $28,400
Total Tertiary Treatment Cost of
Ariificial Nutrient Removal of the
Present Loading of Mid-Atlantic
Estuiaries (Table 4). Nutrients
equivalent to 19.4 1b BOD per day 2
@ $2/1b $14,162 $283,240

1995 text for explanation of this calculation.

291nce present loading of mid-Atlantic estuaries is having severe pollution
side~effects, this large sum ia, in part, indicative of waste treatment
coats- that are not now being paid by cities and industries, but must be
paid in the future. See text for furthar discussion.

b

12
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levels to an undesirable extent. And, as we have geen, the economic
value of estuaries ag secondary treatment plants is relatively small,
since the energy and money necesgary for artificial secondary treatment
is not large per unit volume of waste. For instance, a Rand Teport.
(R-1098~NSF; 1972) 1igts the amount of electrical encrgy needed fur
gecondary treatment of ] million gallons of nunicipal wastes as 660
kilowatt hours (about 56.8 x 104 kcal) which on a per capita basis is
less cthan 1% of the electricity now consumed in an urban area.

The most importanc contfibution marshes and estuaries can make in

waste treatment is in tertinry téaatment to vemove and recycle inorganice

nutrients, s very expensive process, as we have sean, if carried out bZ_
man in artizzzzal systems. When nutrient-rich effluents enter a mafsh
‘the nutrients are effectively trapped by the tidal eirculation pattern
[Bowden, 1967}, and assimilated in the productive biological system.
Estuarine ecogystems have cvolved adaptations to high nutrient levels,
and have & large capacity to buffer nutrient ¢hanges. ZPomeroy et qi,
[1872] have shown that the phogphate recycle system 1s s0 large and
homeostatic in Georgia estuarine and marsh sediments that the level of
‘ phosphate in those waters varies little throughout the year, despite
variation in input. Studies ip Louisiana [Ho et al., 1970] coufirm this.
The sediments act gs both source and gink, effectively buffering the
effects of large additions of phosphate to the astuarine eystem.

Although research resultrs are not as clear for nitrogen, flooded
wirshes appear to be uniquely adapted for denitrification and, therefore,
may be extremely valuable for treatment of inorganic nitrogen wastes
also. Studieg in flooded swamp and marsh soils [Patrick et al., 1971}
have shown substantial logs of inorganic nitrogen hy denitrification
ia the anaerobic zone.

Experimental confirmation of these important water quality funetions
of marsh-estuarine systems 1a slowly evolving. Valiela end Teal {1972]
treated salt marsh plots with aludge from a secondary sewage treatument
plant, and measured the inorganic nitrogen and phosphorous loss oa the
first tide following each application. From late May through mid-November

‘ 13
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they applied 25.2 g sludge n_zuk-l for a total of about 360 pounds

pitrogen and 455 pounds phosphorous per acre. Through August losses
from the marsh were almost negligible, less than 5%; they increased as
winter approached. Roughly 500 pounds of nitroger and 400 pounds of
phosphorous were removed per acre of marsh in these tests.

Grant and Patrick [1970} give & second example in Tinicum marsh,
Peanyslvania. Water flowing out of this marsh showad an average daily
reduction per acre of 6.4 pounds of phosphorous (as phosphate) and 13,1
pounds of nitrogen (nitrate and ammonia), as compared with polluted
waters flowing into the marsh.

Using the estimate of Culp and Roderick [1966] of rertiary treat-
menr costs at $100 per willion gallons and Woibel's [1966] estimare of
10 ppm phbsphorous in sevage water, 83 pounds of phosphorous could be
removed at a cost of $100. At this rate, the work done by the marsh

. in phosphorous removal alone is worth $480 per year (Valisla and Teal's

“. data) to $1,420 per year (Grant and Patrick's data, assuming effective

. biological activicy of 185 days per year). Income-capitalisation of
these data yiald a per acre valuation of $9,600 and $28,400, tespective~

s

iy, for removal of only ope major nutrient (Table 5). i
In summary, it is clesr that mén should pay for secondary treat- ;

ment of vastes since such treatment is relacively inexpensive, and

e ———

e

untreated organic materials greatly stress any natural aquatic system,

but especially marsheastuaries. However, man will and should depend on
productive natural ecosystems for tertiary treatment of huge volumes of

low level wastes which would be extremely expensive to treat artificially.
Thus, the economic value of estuaries as feriiary treatment plants can be
valued in tens of thousands of dotlare_per acre as compared to mere mumdpeda
that accrue from by-product uges. The shallow-water zones occupied by .
marshes play a major role in this very valuable life-support work eince

thezr contrzbutzon to the overall metaboliam of the estuary is proporiion- ;

ally high.

- et
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Other Marsh Funciicas

Other functions of the natural marsh are more difficult to quantify,
but no less real. Perhaps the most important of these is the role of the
warsh in global cycles of nitrogen and sulfur. The continuing normal
function of the blosphere depends on the chemical reduction of.carbon,
nitrogen and sulfur, which are incorporated into all living tissues.

While carben reduction occurs through photosynthesis in oxidizing atmose
phere, completion of the cyele of the other two elements depends on
microbial action in a reducing enviromment [Deevey, 1970]. Nitrogen
fixation in the world has been nearly doubled by industrial fertillizer
production [Delwiche, 1970). Some of this reduced nitragen is accumu-
lating in the slowly increasing biomass on the earth's surface, as showm

by eutrophied water bodies, but apparently the global biosphere has com-
pensated for increased nitrogen inputs to some extent by incressed
denitrification. This microbial process requires the close proximity

of oxidized and reduced zones. Nitrogen of blological origin is oxidized
to nitrate in the oxidized layer, diffuses into the reduced zone and is
reduced to nitrogen gas, escaping to the atmosphere. Tidal marshes are
ideally suited for this function. Tidal waters carry nutrients to the
marsh surface where they diffuse through a thin layer of oxidized sediment
0 the snaerobic zoue below. The sulfur cycle, in the some way, depende

on reduction of sulfates in anaerobic mudas to sulfur and sulfides. Oxygen
is a by~product of the reaction. In Linsley Pond, Conn., sulfate reductiom
may be as much as 10% of carbon reduction [Deevey, 1970], so its magnitude
is of some significance. The industrial contribution to atmospheric sulfur
has increased to about one-third of the total atmospheric sulfur burdenm
[Kellogg et al., 1972). This sulfur i3 washed from the atmoaphere by rain,
primarily as sulfate. The lack of widespread accumulation of sulfuric acid
is evidence of the efficiency of the aulfate reduction system in anaerobic
wuds .

These two processes have not been quantified on an area basis 1o
estuarine systems but impressive evidence points te the importance of the
coastal anaerobic muds to continued normal functioning of global cycles of
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s

‘nicro;m aad sulfur.
There are still other marsh functions wvorthy of mention for which

cost accounting is yet to be accomplished. A salt marsh 18 an important
buffer against storms. In particular, it absorbs the enormous energy of
storm waves and acts as a water reservolr foér coastal storm waters, thus
reducing damage farther inland, Somc idea of the protective value of a
wide band of energy-absorbing marshes and barrier islands 1is seen in the
incressing national cost for "disaster relief” in coastal areas which
either lack these natural protective "breakwaters" or where they have
been filled in or "bulkheaded” for housing or other development; marsh .
and island«protected coasts suffer comparatively little damage even in
fierce hurricanes. Rising costs of coastal development are very often

- the result of ill—pi;g;ed modificntion of natural‘protectivé—§ystems,

., not the result of increased storm intensity.

o It is also becoming apparent that marshes are important in the

~ protection of the beautiful white sand beaches of the outer harrier

. inlands and "banks" (see Hoyt, [1967); Dolan et al, Godfrey, and W. E.

‘Odum [1973]). Where the energy and muddy sediments of storm tides can

be absorbed by large areas of marsh-estuary the natural erosion of beaches

18 at least balanced by formation of new beaches. Beaches are degraded

| or lost where they receive the full brunt of storm tides unless man reasorts
to very expensive artificial breakwaters. Therefore, one is justified in
adding some of the enormous economic value of outer beaches to the value
of the inner marsh-estuaries. The powerful flow of water in and out of
large tidal basins also tends to keep harbors and inlets "dredged”—-
another exanple of useful :5555"3355_35_525255;:' Recently reprinted inm
“Banchmark Papers in Geology" [Coates, 1972} is an article by M. Burrows,
published in 1888, that describes how all of the early harbora on the .
southeastern coast of England were silted in when the great marshes were
first diked and filled in; constant dredging and "a vast expenditure of

_mational funds' then bacame necessary to keep harbors vperational.

L YT P

One value of coagtal marshes that is generally reéoznizad‘ is their
'—__-_h_ N

importance as habitata for migratory birds which have esthetic and hunting.
values, not only locally, but elsevhere on the continent. Tidal marshes
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that receive large inputs of freshwater are especially valuable in this
regard. For example, almost the entire North American population of

snow geese and blue geese (millions of birds) are dependent on the marshes
of the Texas sud Louisiana cosats, which are their esnle wintering grounds.
Some of these same lov-salinity marshes are also highly valued for their
production of muskrat fur, but again the monetary value of such by=-products

on an acre basis is not large.
Life-Suppors Value as a Function of Productive Energy Flow

So far in this article we have rescrted to the “component" approach,
that is, identifying and separately evaluating products, uses and functions
that are judged to have a value, or potential value, to man. The short-
coming of this lies in the difficulty of integrating or summing the component
values, because many of the uses conflict with one another. Tﬁul, intensive
aquaculture would reduce sport fishing and recreational boating values, or
heavy use for secondary treatment of sewage would greatly reduce many other
values. Therefore, it is difficult to obtain an overall value by the com=
ponent approach. Also, most of the component values so far discussed ralate
to the total estuarine system and mot to the marshes per se; yet it is the
marshlands that need to be valued in monetary terms since they are the parts
of the system most vulnerable to modification and development by man.

H. T. Ocwn [1971] has suggested an "ecosystemn" approach for trans-
lating the total work of nature into monetary terums, so that the overall
value of a delimlited natural area can be determined without having to
specify how the work flow might be divided into different uses and functions,
Odum and Ocum {1972] have extended this approach in terms of land-uase }
planning in which natural areas are éonsidered as a necessary part of man's
total enviremment., Since the exchange of energy and money is the basis for
sconomic transactions, it is suggested that the ratio of Gross National
Product to National Pnergy Consumption can be used to equate energy with
money. The use of such 8 ratic is undertaken with the full understanding
that both indices are approximations and not firm values. Gross Natiomal
Product is the approximastion of the total value of all the goods and

17
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. services produced in the pation annually, including the value of capital
goods used up in the production process. Though it has many shortcomings
({.e., work done by a housewife in lieu of hired help is not valued, the
same work donc by hired help is valued), it 1a widely accepted as the
best approximation available. This level of output is achieved by con-
suming (approximately) the amount of energy reflected inm the National
Energy Consumption index. The use of these indices together permits us
to determine an approximation of the amount of energy consumed per dollar
of cutput on a national average basis. In round figures for the Unftwd
States, 1016 kilocalories are consumed yearly to produce a Gross National
Product of 1012 dollars, so that approximately 10& kilocalories is equal
to one dollar. Since the rate of primary preduction ia a measure of the
energy flow of a natural community, and an index of the useful work that

.. might be accompllished, the ratlo can be used to place a dollar value on

any part of the natural environment where primary production can be mea-

 sured or estimated. '

- One further qualification is worth mentiouing. The value of a unit
'of energy generated in a natural system may not be directly comparable to
- & unlt of energy delivered in the form of electricity to an induscrial
w=plant or home. The natural energy units are, however, essential to life,
..and for this reason the approximation may actually be a gross understate-

ment in dollar terms.

Several recent estimates of the annual net primary production of
coastal salt marshes are listed in Table 6., Several of these estimates,
and most of those publisghed pr:lo:r to 1968, are underestimates because
they are based on "standing crops" uncorrected for dry nacte; exported
by the tides during the amnual cycle. We judge the Louisiana and Georgia
figures, as shown in Table 6, to be most representative of the highly
productive marshes of the Gulf and south Atlantic coasts. Since, as
already indicated, productivity is to a certain extent a fuaction of
water flow separate estimates are given for the higher or inner marshes
(that receive leas water flow subsidy) and'the outer or low marshesg
(Table 6, Columns 1 and 2, respectively), Conservative estimates in

18
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’

‘ TABLE 6. Annual Net Production in Pounds per acre of Spartina alterniflora

Marshes.

Inland Stresmside
and and Combined Reference
High Marsh Low Maxrsh

lLouisiana 11,750 23,600 - Kit’@y, 1971

New York 4,520 7,350 —— Udell et al., 1969
Delaware — —-— 3,780 Mopyun, 1961

N. Carclina - ~ 5,770 williame and Murdoch, 1969
N. Carolina 2,930 11,520 w—— Stroud and Cooper, 1968

N. Carolina 5,420 11,560 - Marshall, 1970

Georgia 6,200 18,750 — Gallagher et al., 1972
Georgia - 25,700 e Ocdien and Farm:ing, 1973
Georgia — - 17,880%

®
Calculated om basis that 407 of total Georgia Spartina marshes are high
marshes and 602 are low marshes,

b ]
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‘ round figures, then, are: 9000 1b/acre for bigh marshes; 27,000 1b/acre
for well-irrigated low marshes; and 18,000 lb/acre for large areas of

total marsh with an approximaste equal distribution of high and low types.

Satisfactory measurcmenta’ of total, or grouss, primary production have
not yet been accomplished for salt marshes. Since Sparting graasses
utilize the recently discovered C,. photosynthetic pathway, the amount

of photosynthate digsipated in respiration is probably not as large as
estimated earlier by Teal [1962], Based on the efficlency of other Cl.
plants adding 25% to the net production would glve a reasonable estimate
of gross production. This, annual gross primary production is probably
of the order of 22,000 1b dry matter/acre overall, 11,000 lb/acre for

PAGE 13

high marshes, and 33,000 lb/acre for the more productive low rnarsh stands.

Io estimate the dollar value of an acre of marsh baged on the
mcrg{/moz?ay conversion outlined in the second paragraph of thisg gection
we need only to multiply the round figu;::a pro.dnctivity estimates by
1850 kcal/lb to get kecal/acre (see Odwn and Farning, {1973)), and divide

' by 104 kcal/dollar to get dollars/acre. Such a caleulation gives a value

of $4,070/year for the ma_rsh as a vhole (finge

: $2,035 for high marsh and

$6,105 for low marsh). The income-capitalized value would be sé'ziaoo "Eer F g é?l) Yoo

acre m;eta.‘l.l. This ‘is a larger value than obtained by any of the component 74X

A ke

estimates, except for the "overloaded" tertiary trastment value (Table 5),

which as already discussed is unreasonably high, and the intengive raft

culture of oysters (Table 3), which requires large energy subsidies by man,
The advantage of cost accounting based om productivity (i.e. capacity for
life support work) is that Lt can be applied to a particular acre, or acres,

of marshland itself as it functfons as a part of tha whole estuary,

Discussion

Round-figure values based on by-products, waste treatment and pro~
ductivity are summarirzed in Table 7. The value of estuaries for waate
apgimilation and general life support is greater than that accruing from
by-products, Extremely intensive aquaculture, asuch as raft culture of

20
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TABLE 7. Marsh<Estuary Values as Determined by Various Methods of Evaluation,

Income~Capitalization

Annual Return Value per Acra

Bagls for Evaluation

per acre (at interesat rate 5%)

(1) Commercial and Sports Fisheries $ 100 $ 2,000
(2) Aquaculture Potential (Table 3)

(a) Moderate oyster culture level 630 12,600

(b) Intensive culture of oyster beds 1,575 32,000
(3) Waste Treatment (Tahlie S)

(a) Secondary 1 280 5,600

(b) Phosphoroues removal 950 19,000

(¢) Adjusted tertiary? 2,500 50,000
(4) Maximum Non-Competitive Summation

of values .

(a) 1 + 3c 2,600 32,000

(b) 2b + 3c 4,075 81,500
(5) Total Life-Support Value” 4,100 82,000

lneen of two values shown in Table 5.

2BOD loading (as shown in Table 4) reduced to 3.5 1lb/day, a level that
raduces 02 levels about 1 ppm.

38¢e text for calculation based on gross primary production.
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‘oysters, is ignored here because of the high energy subsidy required by
man and the fact that if carried out on a large scale it would eliminate
mest other natural functions. Summing values for componencs that could
conceivably be non-competitive gives a "multiple-uge" value approaching
that based on productivity. As already emphasized the latter value
(Table 7, No. 3) pertains directly to the marshlands, whereas all thke
other values sumarized in Table 7 are based on the estuarine system ag
it functions as a whole.

Damonstrating that marshlande snd eetuaries hava a substantial

dollar value in theilr natural state certainly provides a big boosc to
v v SRR

preservation of auch areas that are in public ownership. if l.arge values
such as those in Table 7 (items 4 and 5) are generally recognized and
accepted, then state or federal agencies or commissions which have juris-

" diction over the pProperty or reacurce will be less likely to lease, give

_ avay, or sell valuable marshlands for capricious development. _élso,
' plannera will have a greater incentive and PUBliﬁ_§§§Pﬁ?§m§ﬁ§.?9§§gs
‘uch. areas into pernanenc procective categories.
On the other hand 1f the marshland is in private ownership, the
‘ nwner.:§§i=§§§§§=f3”;:1u b} Sulling for development no natter how ﬂi;;“

s

H'-‘“- RN ——— T R .y e
e sy oo —— b VT T myv s w

' tha lppraisal, ;{nco lpaving the area in its natural state earns the

; uwner ltttle or no retura. The dmahotamy of interests between the value ™
‘to the owner and the value to society becomes an inereasingly serious }
problem as population growth and industrial development accelerate. The yf.

pricing system, which one sahool of economicl holds will solve all economic

¢ mA . ———— " ot i,

problcns if lefe to opcrata unhanpernd offarﬂ no golution to thit probiam

(LRI S P

since development becomes essentially an irreversible actiom. Thwl, even
though the value of marshland increases as it becomes scarcer to an event~

ok gt o

val point that its 1ife-support value could "outbid" other land uses there

P, M YT T A e

e g AT A AN, R N e A i et & fA gyt ]

is_no way to ‘convert t the previous development back to its former (and nov

pos W ———

e

nore valuable) state. The irony of dependence on the price oyaten is :hat
it can make a reasonable sounding argument for developing marshland, and
it can even offer an argument that a point will be reached when the land
should be converted back to marsh, but it cannot effectively re-create
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\/
marshland, a very expen;ive process, evel if kechnically possible.

It is worth mentioning that, as high as the values herein deter-
faiined for marsh acreage may seem to be, and though these values are
average values, the principle of marginalism applies and the values will
tend to increase with each increment of marsh lost to am alternative use,
as8 well as through increases in population and industrial development.
Leas acreage in natural marsh doing the gsame or more work for man than

18 now done would indicate a higher value per acre to sociaty, but it
is apparent that a limit may be reached, beyond which further reduction
of marsh acreage may prove disastrous.

Professor Herman Daly (LSU Department of Economics, persanal come
munication) suggests that another approach to evaluating the tidal wmarsh-
lands may be to simply catalog all of the functions which they carry out,
and impute as the value of each function the costs which would be incurred
if the mext beat method was used v accomplish the same result. This is
the economist’s "least-cost alternative" approach, and such an approach,
summing all of the least-cost alternative cogts, may well turn up values
for marsh that would dwarf those reported in this paper.

Evaluation of marshland as a renewable resource, a,g. 48 an income
stream stretching iuto the furture and increasing continually, represents

one way to alleviste the dastruectiva tendency inherent in the pricing
system as it now operates, The time has come to seek ways to let the
owners of natural resources with value to society receive a returan.
Direct purchase by Government is one solution, of course; scenic or
vpen—space easement and tax relief are other approaches. Setting up
wetland "banks" wherae the owmer is paid not to develop (as in "sull
banks") 1s perhaps a feasible "delayed option" procedure in cases where
outright purchase cannot b; made at a particular time,
The best solution is a "look ahead” land-use plan which delimits

the amount and location of life~support natural areas that will be

. DBecazsary to support a future desizable level cfldevelopmeng. §EEEM

areas can then be acquired or zoned into the public domain before the
spiral of land sﬁedﬁiiﬁiéﬁ.raises the market price. Odum and Odum [1971]
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present an overall model to show how the ratio of undeveloped to
developed compartments could be objectively determined. Since wany
coastal wetlands are more productive than adjacent areas, they would
generally receive high priority for ipclusion into the undeveloped

compartctment.

Summary

Four levels were selected for monetary evaluation of marshlands
and estuaries of the south Atlantic and Gulf coasts: (1) by-product
production (fisheries, etc.); (2) potential for aquacultural develop—
ment; (3) waste assimilation; and (4) total “1life-support” value in
terms of the "work of nature" as a function of primary production.
Money valuegs of marsh-estuaries in their natural state were calculated
in terms of (a) annual return and (b) an income-capitalized value.
Rnunﬂ-'flgure values per acre abt the four levels ware: (1) a, $3100;

h, $2,000; (2) a, $1,000; b, 5$20,000; (3) a, $2,ﬁﬂb; b, §50,000; and

@4 2, $4,100; b, $82,000.

The value of waste assimilation and total life-support work
(levels 3 and 4) are several times higher than that which can be
obtained from by-products, except possibly under intemsive aquacul-
tural devalopment which in itgself would aliminate recraational and wost
other uses. These high values (levels 3 and 4) represent estimatesn of
what man would have to pay (i.e. "internalize"™) in terms of the value
of the useful work of an acre of estuary should it not be available
to do this work. Summing values for specific functions judged to be
won-competitive results in & value approaching that obtained by a total
life-gsupport calculation (level 4), bﬁt the weakness of such a "“component
approach” is that most "multiple uses" do, in fact, compete at high
levels of use. The advantage of level 4 cost accounting is that it can
be applied to a particular acre, or acres, of marshland without having
to specify how the work flow might be divided into different uses and
functions (which will vary from time to time and place to place).
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Detailed analysias of waste assimilation shows that marshes and
estuaries are not very effective (and, therefore, not very valuable)
for secondary treatment of municipal wastes, but that they have a
tremendous capacity for tertiary treatment of nutrients, aespecially
Phosphorous. Since secondary treatment is relacively inexpensive and
tertiary treatment vary expensive if done by man in artificial systeamsg,
it is clear that the large BOD loading now borme by many estuaries
should be greatly reduced by organic matter digestion in man's treat-
ment plants in order that the natural systems can effectively carry
out tertiary treatment and maintain a water quality that preserves or
even increases seafood production, recreation and cother by-product uses.

Demonstrating that marshlands have a substantial dollar value in
their natural state provides an incentive for preservation of wetlands
that are in public ownership, but not for preservation of those in
private owneriﬁzb since the owner may receive little or no direct return
no matter how high che appraised value to soclety. The pricing system,

as it now operstes, does not work in this case since real estate develop-

ment of marshlanda becomes essentially an 1rreversih1e action. It is
clear that marshlands must be evaluated as a renewable resource with 8
6ZEEEF§§;E"Z§Ereasea‘with urban-industrial develupment.

The time has come to seek means of letting owners of natural re-
sources with high‘zziﬁe to aociety rececive a return. The best long
':525';3152135*15 a land=uge plan which delimits the amount and location -
of natural areas that will be necessary to support a future optimum
level of urban-industrial development. Then such natural areas can be
acquired, or zomed, before the spiral of land speculation raises the

market price. The techuclogy of systems ecology is now being developed

to the point that an ohjectiva compartmentalization between developed
and undeveloped environment can be made. Since many coastal wetlands
are more productive than adjacent areas, they would geperally receive
high priority for inclusion into the undeveloped compartment.
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