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have always served the natural landscape as lilters, as water conservation devices. 
of high quality products, all on !olar energy. Can scattered wetlands interspersed 

Induslrial, and agricultural activities of humans provide the human-dominated land- . 

~
~;,::,:,o::,~,,:waler quantlty management, waler quality, and other high values? Consciously 

I wetrands are already being used as Intarfaces between human wastes and the 
, i 01 nature. Perhaps more wet lands can be preserved or newly replanted as domes­

tco.Ystems to use solar energy for water management and the maximitatlon of economic 

j ::;~.~~llSt century a domeeticated lorm of Ihe neturel gravel bed found In lakes and streams 
within concrete tanks and caPed a sewage treatm'mt plant. II was and i s a domes­

e(:osystem that fillers water. In response to the inllow of organic resources of waste water 
of organisms grows among the gravel. reproduCIng and self organizing. The ou!·­

Improved qualily. 115 energy source is the sewage organic matter. The trickling 
basis for much of Our national sewage !reatme"t. Ther" aro a few salt water 

develop ecosystems comparable to the natural ecosystem in the sea beach. 
IS a general principle hore. Why not use other ecosyslems that have tiltering. water 
• as domest ic ecosystems wherever they are needed? This is a way 10 Insure Ihe pro-
I as they become coupled to the economic system serlling and being served. 
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Figure , . Cypress dome In Florida as an Inlet/ace ecosystem recharg;ng groundwater pnd yield­
ing high quaHly wood and wlldlile. (Whanon 81 "I., 1971) 

Under auspices 01 the Rockefeller Foundation 
and Ihe Rann Division 01 the National Science 
Foundation, The Center for Wetlands has con­
ducted an experiment now in Its fourth year 
passing treated sewage into cypress swamps in 
Florida in lieu of lerliary treatment. We have also 
studied a situation where this has been done for 
more Ihan 40 years. An Inter1ace ecosystem with 
most of the properties 01 the nalural swamp 
filters out nutrients. micrObes. grows valuable 
wood lastln, and provides a wildlife greenbelt 
unit. The costs are primarily those of the pipe. 
The' experimental sites are nCar Gainesville, 
Florida (Figure 1). Elsewhere, in many places in 
Florida, swamps are being used to accept storm­
water runoff and drainage from housing areas 
and streets. 

INTERFACE ECOSYSTEMS 

An interlace ecosystem is a natUral Or do­
rnesticatad" system 01 organisms and chemical 
processes that Is compatible with the waste 
water 01 man and can use it (IS a resource. and 
whiCh as its own output releases byproducts 
close enough to- those 01 nature to be released 
to the public domain, helping the natural ecO­
Systems. 

Swamps and marshes are th£! intm1nces used 
by nature as recycling intermediates, and these 
are the ecosystems most nearty adapted lor in-

teriace lunctions between human developments 
and the environment. II the loads are not exces­
sive and the contents not 100 toxic, naturai wet­
lands can develop a modiried association 01 
organisms to process wastes 01 human develop­
ments. Wetlands can serve the same Inlenace 
functions lor man that similar wetlandS have 
been doing for the nalural landscape lor mil­
lions 01 years. Recognition 01 the service work 
already being done by wellands In maintaining 
waler regimes with loads of urban waste is part 
of the purpose of this conference. 

Somehow the law has to find a way to recog­
nize the role 01 wetlands in Ihe public good so 
Ihat an individual's use of his own wetlands does 
not delract from its role in public life suppor!· 

An economy is vital when environment and 
economic developments are mutually reinlorcad" 
and protected. Unfortunately, well meaning ef­
lorts to draft laws to protect the environment 
have not al,«ays been made with an understand­
ing 01 the ecological prinCiples 01 symblo!.ls and 
recycle by Which nature and humanity are best 
combined. For example, in Florida currenl laws 
and practice allOW, and In some Cl\Ses require_ 
the draining of swamps Ihat are part 01 the pub­
lic's water conservation system, but prohibit or 
at least make difticult the retention of swamps 
to receive recycling of wasle waters. Action has 
been lacking partly because values 01 these al ­
ternatives have no! been clear. In this article 
principles are given for determining these valueS 
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,tJII fIlIIfgY eoncepts. Tax credit Is needed lor 
~owners holdIng lands S(I as to allow con· 
:;UOn 01 wetland. lunctions. 
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EVALUATION WITH ENERGY COSTS 
EXPRESSED IN UNITS OF ONE 

ENERGY TYPE 

i Understanding the value of wetland. l or their 
pJrtn.f$hlp with human activity cannot be done 

I 
~ traditional economic evaluations, because 
~,nds do not receive and deliver money lot 
fIIi< outputs and Inputs. Evaluating their con­
ribUtlon. however, can be done with energy 

I lIIIiIIwflk:h are the COmmOn denominator 01 use-

I 
~ work both In the economic exchanges and 
..monmenlat exch.oges. To use energy values 
IItvaJullalhe roles ollhe environment requires 
1IIII1h. various kinds of energy be expressed In 

jllftiY units 01 the same energy type such as 
ICdr energy or coal. Some energy typn like 
II1II. energy are dilute; coal Is moderately con­
ttntrated; and the energy embodied In water, 
man 10nllcos, and high technology Is very 
cancentrated In the sense that mvch energy 
ifill l~rough processes 01 makfng jt, OUleren! 

! lle!ors are used to Indicate the energy 01 onll 

/

1IPe r~vired to be translormed Imo another. 
!be work of wellands and the accumulated work 
ill SIor&d attributes in the soils and geological 
*"clure can De expressed In calories 01 one 
.... and compared wilh work with in the human 

I ~omy expre$$ed in the same way. Then ef­
lie! O<! dollar trow is estimated. 

• ENERGY ROLE OF SWAMPS 
I 

/ 

First, consider the role of swamps In tho 
~scape and the principles by which patlems 
""'all. One theory invoked to explain the orga­
~IIQn of lilndscapes Is the maximum power 

i Prirlc:lple. which 15 stated as follows; Systems 
baI become organized with mechani$ms thai 

I Cl;lntribule 10 :he maximum possible flow 01 
JoIwer (en.ergy per lime) are reinforced and pre­
.. The sell -organizing ellects 01 ma.:imum 

\ ~r take many forms. producing thll cMr­
I ~!ti$tiC features obsenled in the organization 

'.I ture such as: feedbacks of senlice in ex­
~nge for receip ts, recycle of materials, con­
g~nce of onergy in food chain hierarchies, 

~binaTion 01 various types of ene rgy, and In-
........6:::.endent organiza1 ion of land uses, How do 

swamps combine enargies, feedback senlices, 
and contribu1e to the maximum power of a re­
gion? 

LANDSCAPE UNITS AS A CHAIN OF 
ENERGY DEVELOPMENT 

Species can be arrangoo according 10 their 
posi tion In the food chain wi th a converging of 
many low quality plan" to (l ~ery few high qual_ 
Ify animals at the end, undscape units also 
operate in such chains with energies of sun, 
wind, and rain tha t were incident on the general 
landscape, converging action through runoff to 
a relatively small area of wetlands. Wellands, 
likll conSuml'fS in food chains. are high quality. 
receiving units that feed back even higher qual­
ity services 10 the larger surrounding area ot 
land. Figure 2 suggests how these operate and 
lilts some numbers which are appropriate. 

The energy chain relationship explains the 
reason for the high ~afue 01 wetlends In Ihe life 
suppart system of man and nature and rein­
forces the general feelings about value of wet­
lands emphasized at this conference. The energy 
convergence Is rr,easurabte by the ratio 01 
energies of one type required to develop another 
and is roughly in relation to the ralia of areas 
In the working landscape. . 

The energy chain idea helps answer the ques­
tion: How much wetlands are needed? To some 
extent one can look at the original landscape. 
However, where the energy flows 0/ man Irom 
f055il luel have been much Increased, then the 
areas of wetlands needed to deal well with filter­
Ing water quality and control are larger than the 
natural, More, not less, wetlands may be needed 
In some urban areas, 

HIGH VALUE IN NATURAL COUPLING 

Often human planning considers one problem 
or lactor at a time, making decisions, plans, and 
constructions based On this one laetor, Natural 
systems. as they evolve a pattern 01 maximum 
power. have Simultaneous interactions of all 
factors. using One process as II byproduct of 
another. solving more than one problem at a 
lime in ways where one funetion is helped and 
nat hindered by anoth"r, For example, sun, wind, 
and water inleract in n~lural production building 
voge!aiion. soil, and landlorrn struCivr" all at 
once (Figufe 2). each J byprod uct and each with 

• 
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Figure 2. Swamps and wetlands basins as higher quali ty members 01 an energy chain 01 con­
verging work and increasing q:J .. my, {al gene. :!1 c.oncepllike thai of a food ellain, each s tep leed. 
ing back services and cycles; (bl diagram of converg ing work 01 sun and WOller gene raling water 
managem.,nl st ructure; and (el sketch 01 spatial convergenco of work and products of work. 

feedbacks to improve Ihe process chain. Much 
of the unnecessary wastes from human systems 
come from the developing DIone process with­
out reg'lrd lor the workings of Ihe whole. 

Thus. any proposed change of the tandscape 
by man that is made on one basis is likely to be 
disharmonious and a more expensive way of 
doing the same thing than already evolved by 
the natural landscape in the lrial and error busi­
ness of developing maximum power. The energy 
spent by natural processes on maintaining water 
conservation, quality, and structures is likely to 
be less than that of human, monopurpose de­
signs because there ;s less collaboration ar­
ranged between unit processes. 

THE RANGE OF PRODUCTIVITY OF 
SWAMPS 

One of Ihe ways of measuring the product of 
the interactions 01 natural "nergies is to meas­
ure organic productivity, which is the organic 
matta, produced pe r day. Swamps range Irom 
the towest to lhe highest 01 productivity of cco· 

systems depending on their type and role in Ihe 
landscape. In Figure 3 are sketchcs showing 
wi thin Florida the types of cypress swamps that 
range from nutrient-impoverished, dwarl c y­
press vegetation characteristic 01 the Big Cy­
press area to the l ast growing bald cypress 
(Taxodium d/slichum) found with a diversity of 
other swamp t rees i n river lIoodplains where nu­
trient lIows are rich. Recent measurements by 
Bayley (1976), Cowl es (1976), Brown (1977) and 
Burns (1977), have documented the wide range 
of gross productivity lor similar sunlight regimes 
from 1 g/m'/day organic mailer production to 
30 g/m'/day. 

II organic production were the only measure 
of naturat work, one would lind some swamps of 
low valu!!_ However, when these are considered 
l or thei, water processing role in t12e larger land­
scape 01 the region, a higher energy impact is 
found through the high quality of the water proc­
essing. The waterborne processes converge 
some of the products 01 work 01 the larger area 
concentrating their values in the wetlands (Fig­
ure 2). 
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~jgure 3. Comp~ri"on 01 Cypress s wamps ill Florida "rranged in order 01 increasing productiv­
Ity, (aJ low lerlili!y dwarf cypresses on leached sand, sparsely distributed; (b) cypress dome 

~
"'itn SOme drainago from surrounding lands, pond cypress, many stems, slow growing; (eJ cypress 
~Irand wHh slowly /lowing wale. Irom a drainage baSin, trees large. but spaced mo,,~, bald 
typress; Cd) floodpla;" loresl with cYP'''s,; only one,,1 "e\l"ral domif\anls. -

, 
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THE WATER CONSERVATION ROLE OF 
TABLELAND SWAMPS 

In the studies of lila water budgets of the 
cypress swamps near Gainesville, Heimburg 
(1976) found that the cypress domes (ponds) 
save 30 percent of !he water thai would have 
evaporated had the pond been an open one sub­
ject \0 regular evaporation. The trees drop their 
leaves in the dry season, but the high basal area 
shields the water Irom much ollha sunlight and 
wind so that evaporation is retarded. In the 
!lro",,;ng season Ihe leal area Index 01 the cy­
press domes is very low so that the transpiration 
is low compared to other vegetation. Salenite re­
flection studies .showed a higher infrared heat 
radiation reflection Irom cypress Ihan from other 
Florida forest vegetation. The idea of draining 
swamps and replacing Ihem with reservoirs pro­
posed earlier in Florida would have caused a 
major loss of waler Irom ~harge areaS such 
as Ihe Green Swamp 01 central Florida. Thesa 
swamps operate to save water, perpeluating 
Iheir existence. and saving w.ater lor recharge to 
groundwater and use by Ihe landscape or hu­
manity elsewhere. 

The largest areaS of cypress swamps are not 
lowlands but relatively high plateaus that re­
cei...e only rain water. These areas have de­
veloped water storages In the form 01 scattered 
cypress basins and lrom these waters drain 
downward. being filtered to recharge the 
groundwater aquilers from which Florida draws 
ils water supplies lor the human economy. 
These areas Include the Okeefenokee Swamp 
in Georgia. the tablelands 01 north Florida, the 
Green Swamp 01 central Florida and the Big 
Cypress wetland 01 south Florida. Smaller pla­
teaus are lound in almost every county. Helping 
to maximize the productive power 01 the region, 
the perched water tables serve as water reser­
voirs to keep the Florida landscape moist, the 
ground walers recharged, and the vegetational 
productivity outside the swamp areaS more pro­
ductive. Swamps are aboullO to 15 percent of 
the area. Plant productivity 01 highland swa';"ps 
is smatler than average. but the energy embod­
ied in the waler saved and processed is high 
wilh a high amplifier eflect on regional value. 

The needs 01 human economic developments 
are the same as the former landscape so lar as 
water proces5ing. and the ready made water 
conservation and quality control system and its 
embodied energies 01 structure are very high 
indee<! . Laws to permit recognition and saving 
ot these vat"es that are pa rt 01 the public good 

• are urgently needed. The education ot the public 
to recogTlize the role of Ihe wetlaTlds in their 
economic vitality has begun (Browder, et ai, 
1976) but much more isoeeded. 

THE FLOOD CONTROL AND WILDLIFE 
FUNCTIONS OF LOWLAND SWAM PS 

As streams drain seaward to lower ground 
they develop the familiar floodplains. Water runs 
in a meandering channel at low water aod at 
flood time rises into a broad sheelflow through 
the trees and vegetation, discharging excess 
water steadily, evenly, and slowly, held back by 
the thIck population of trees. The lloodplaio at 
that tima accepts and filters nutrients and sedi­
ments and stores means for a very productive 
ecosystem heavy with nuts and wildlife. Thl! 
lIoodplain is being recognized as a much beller 
floodplain device than the reservoir, one thaI 
saves mOre water Irom evaporation, one that 
never fills up, and one that provides a continu­
ous corridor lor wildlife, branching over the 
landscape. Ecosystem stUdies are showing Ihat 
the larger animalS and lishes gain their stability 
by having continuous connections between pop­
ulations so that excess reproduction in One 
place at one time can balance the lower-repro­
duction and mortality in another place. Upstream 
and downstream movements 01 fishes are normal 
and nE!!:essary lor most species. 

VALUE EMBODJED IN LANDSCAPE 
STRUCTURE 

The sculptured topography ollhe land as cut 
by sun, waler. wind. geological transport. uplift, 
and vegetation interactions represents a large 
value. The land surface is Ihe memory and the 
bank by Which Ihe Ilows of energy develop and 
maintain a capital of means for further process­
ing of energy Ilows, some lor maintaining the 
capital agaInst depreCiation, and some lor de­
veloping other values that go out in exchang" 
for Inllows. 

The large energy value st:>red in land config­
urations becomes obviOUS when one has to pay 
mill ions of (lollars in bulldozer and truck opera­
lions to make a basin or other t;lnd form. Meas­
uringlhe alternalive energy that it takes to make 
such a basin is one way of estimating value and 
determining its equivalent value in the economic 
system. One may est imate the value by measur­
ing the rates 01 energy fl ows which bum i\ in the 
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Figure 4. Diagram showing Ihe work of percolating walers in developing a weUands basin, dis­
Q,;ng some material, reprecipitaUng Some substances such as phosphate, uranium, dolomite. 
MIl Iron, and "by selecli¥e solution concentrating ,,13Ys into Impatmeahle lenses. Clays and re­
*!>ositions make a partial waler seal. 

Waler pen;:oiales 1 Inch (2.5 em) per week. Waler conlalns 40 gfm' organic carbon whiCh 
billS 8.2 moles 01 acid ions/m' as II percolates and oxidizes, To form a basin, solullon rale of 
tm.ecnlain;n9 marine sediments is calCUlated per square meier by muillplying volume per year 
he. moles 01 acid per volume. Tills Is the· moles 01 Caca, dissolved which was mull;plied by 
IOGglmole 10 obtain Ihe grams remove d. Dividing by a den$ity of 2 glml gives a volume 01 land 
ltIno..ed per square meier per year. Wh e n divided by 10' cm'/m' depth removal re$ulls. 

~ ',. .. 
"', 

(1 in/wit) (S2wlts) (2.54 emfin) (1 m'ff 00 cmfm') (3.3 moles/m'l (100 9 CaCO,fmole 

29/ml) (10'cm'/m') 

- .022 cmlyr 

I tQ davelop one meter: 100 em divided by 0.022 em/yr Is 4545 years 

~ (f.S X 10' Cal f m'{yr) (4.1 X 10'm'/aero) (4545 yrs) 
! Ul31ive energy cost is: 2000 C31 coal/Cal sun 

1.4 X 10" Calories coal equivalents 

~ At ~O.OOO CalIS, cumulated production 01 value is 2.9 million daliars 
n W,lh 1 aCre (0.40 hOI) swamp including Ille storage 01 structure. 

for Ihe 10 aCre (4 ha) 

~
• ~ place a nd multipl yi ng by the lime for con­

ha.,. Chon. For example , the cypress d o me basin , 
I!al~ an Organized SlruClu re inc lud ing a par ti al 

and slo ..... lil:er be d 'hat required a lon9 ti me 

to deve lop. These rep re sent a hig h c api tal in­
ves tment o f e ne rg y cost. The energy e mbo die d 
in Ihe fi nal slr uclure is lo u nd b y e ·, a! uati ng e n­
e rgy lIo .... s in Figure 2 (See results in Figure ~ ) . 

, 

• 
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Figure 5. Energies of environment develop wetlands, yield servIces, products, and produ<;tion 
that /llItact energ~ and dollar investments Irom outside. Estimale energy value 01 an acre 01 wet­
lands as sola.. energy 01 10 acres (4 hal divided by 20,000 10 ccnvetrl solar equivalents.. This is a 
rough cslimal9 of energy output 01 wetlands (in coaL equivalents); then ml,lltiply by 2,5-(8 usual 
ralio 01 outSide energy atlraeled}; then divide by current anergy-doilar raUo of Ihe economy. 

Annual doll;,. value lor work Ihat converges on ontl aCre (0.40 hal 01 cypress weiland end its 
basin _ 

(to acres) (4.1xtO'm'/acre) ( t .5xt ll'kcaloriesfm'fyr sunlight) (2..5) 
(2000 kcalories $unlightlkcalories coal) (20,000kcaloriu/S) 

- $3,837 

Pari of this remains when weiland is drained because the energy flow to Ihe to acres (4 hal 
still does SOme work bulless than ils fuJi energy potential_ 

Recognizing the high values In existing land­
scapes and finding ways to lit man's further de­
velopments without waste of the previous land­
sc3pe values Is the challenge to modern culture 
10 maximize the vitality 01 Its economy by using 
all its values. 
.. 
SUMMARY OF ENERGY METHOD OF 

EVALUATING DOLLAR VAL.UE 
PER YEAR 

Tho evalualion 01 alternatives with the energy 
method i$ done by evaluating flows 'T' In Fig­
ure 5 as follows: 

• Determine the renewable, natural energy 
1I0ws which are Ihe resource basis. The,..., re­
sources are the free "externality: ' 

• Determine the energy storages embodied in 
the land as form, elevalion, geochemical con­
slilution. and soil values. 

• Express energy flows and flows Irom stor­
ages lifst in calories per time and then use 
energy quali ty factors to rep resent them in 

calories of the same quallty such as solar 
calorie cost equivalents. 

• Estimate the maximum produclion of energy 
of higher quality thaI has been or can be gen­
erated by the interaction 01 storages and flows 
("Services" in Figure 5) • 

• From the potential production estimate the 
outside investmer'lt that can be attracted to in­
teract with Ihe potential production using a 
ralio characteristic of competing economies. 
One ratio used in our studies has been 2.5 
Calories attracted per Calorie, where both are 
In Calories of the same type. The reference 
ratio was obtained f rom the ralio of United 
States sunlight {in coal equivalents) to UnilC!d 
States fuel consumption. 

• Having expressed the atiractM investment 
energy lIow in calories, estimate the accom­
panying dollar flow. or potential dollar flow. 
NOle the counter 1I0w of S in Figure 5. Oollar 
lIows of high quality feedbacks are largely for 
services f rom the fi nal demand seClors of the 
economy and thus it is appropriate to use the 
ratio of g ross national product to l otal enef!:Y 

• 



oI0ureconomy (including natural energy 
'(/I TI18 ratio ill about 20,000 coal Caloriesl 

1
~J40mlllion solar Calorles!S (for 1975). The 
jill' Ja calculation in Figure 5 shows very high 
:;, fOf wetlands. 

fSlimate stored values by multiplying an­
~ ROWS by time lor formation 01 structure. 

Con'p~re the energy and dollar flows with 
;,.matives thai are proposed. This proca­
lJIf iIllcws an annual dollar value to be esll­.-.c from its ulti~ate ca.sual basIs which is 

1

".g'I translormatlon. 

A tritiQ~e 01 this method r~ forthcomIng In 
~I Zone Management Journal, Fall, 1978, ,tI! followed by a rebuttal written by ~. P. rand myself. 

r COMPETITION FOR LANDFORMS 

WIlen a dam end reservoir Is considered 
there was a lloodplaln river channel or 

• noodplain may be considered as desir. 
wIIera an existing dam now exists, some 
ticn is required as 10 the beSI a!ternaUva 

the Combined economy of man and nalura 
ing local end ragional role, 01 the basin. 

riVllr had developed a Valuable structural 
age In its basin form which was operating a 

lain system and serving Ihe region in wa-
pUrifocalion, soil development, forest produc­

Wildlife production, recreational work, etc. 
(bt outputs of the system were high Quality 
~s that allractcd many oulside invest­
~, often Without conscious awareness by 

!1Iop 1~ that the floodptains were making the sur­
)-nd'lIgs more valuable In terms of economic 
thities. 
I When these values a,e replaced with a dam 
~ rtservoir a new set of storages is provided 
I~ routes energies into eltemative activities 
I maYor may not be greater in total work 
~. 10' the ,egion. The amount of electricity 

I. inCreased regulanty 01 water may be more 
\ Ie." 01 a contribution to economic activity. 
.... Ier quality may be wo rse, the cvaporating 

j~ lOsses greater, and ullimately the l lood 
1""1 lion palchy and intermittent. Quantitativ9 
J~:,ons are required and may be made wi th 

~'" m"",,. 

BUILDING NEW SWAMPS AN D 
MARSHES 

Jr an area has lost its wetlands or has too few 
wetlands to serve well in a role of filtering and 
recycle, more swamps can he constructed. One 
way is to restore tha water regime and hydro­
period 10 a formerly drained area along with 
multiple seeding of species of trees and animals 
characteristic of swamps. 

Another way Is to sculpture the land in the 
manner that would even tually be done by rains 
and runoN so as to create weUands topography 
and weltands where there were none before. 

If wetlands are needed In close proximity to 
oulflows of -wasta waters from human activities, 
special swamps can be planted. One engineer 
asked if It would ha all right II they were planted 
in rectangles and straight lines, a query that re­
fleets the traditional directness and nealness 
characteri stic of construction. Even if one did 
construct basIns in such shapfl5 for reasons of 
convenience, the flows of waters would tend to 
devetop circular shapes where waters convergO) 
and curving meanders where they are flowing 
horizontall y, although these curves COuld be al­
lowed to operate within some larger rectangular 
bounds, Whatever structure Is built should be 
formed so it is self maIntaining. 

M ELALEUCA SWAMPS AS A 
DRYING AGENT 

In Florida there is a last growing exotic tree 
Mela/euca from monsoon climates wh ich can 
survivO) heavy flooding but also survive intense 
droughts and fire. Where the watcr table has 
been dropped several fcet as general1y in south 
Rorida, the greater extremes of water and 
drought cause Melalauca to displace cypress. It 
has been shown to have much higher evapo­
Iranspira!ion, and its spread Is beginning to 
have a major eUect on the water budget of south 
Florida. Restoration of high water table is need­
ed. Local di king is a betler way to keep high 
water out 01 the activities of agriculture, hous· • 
ing and urban development. It has been pointed 
out that if there arc instances where waste wa· 
ters should be evaporated. these can best be 
arranged by using ;l fArHa/auca swamp as a re­
ceivIng agent. 
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