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ABSTRACT I New CO<lC~pI' and ons<\jh1S conc<o''''''II tunon 
and ~Iural syslems in lhe eM"""""'" are eme<g"'ll'rom 
,ecent enetllv analys<s and synlhII'srs stud",. By usong ""'" 
concepts lor meas~r"'\1 lhe QYaI~y 01 ener!lY, one can eXp'en 
the WO/k 01 ecosyslems and h<.onar> """""""'s ., 1lQU1V31en1 

Energy Quality Evaluations and the 
Investment Ratio 

In ,hi • ....,' ;on .... ~ di;cu .. 'hr ,he"r~,,,.1 (on<~p .. of 
e"ergr <]".Iil)' ~nd 'he in"e",,,,e,,, rd,io and Ril'~ ~u,,'· 
p!o" and "'.., "odic. or c'>erg)' <]".Ii.)· e.k"'~,;o",, 

Encl"J()" 'l"31i,)' ,heol'r 1"')I'd~ •• "",r"l ~mi>irical " '3Y 
uf Iracking hiddc ," energy (on.rib""ons in coon l,lex 
"-eb., I, i •• he pri "dp~ .h,,, allu...-•• he 1I0w uf ene'R)' I" 
1M: " ..... r ,,, <"_"i",,"r ahilil)' ,,, tI .. "",'11.. I'h)""s c""",,, 
.. ~ uf,en ... " led "'i,h 'he "a'eme,,' ,h •• ~"''' g)' "K"'~. 
sur'" ' hc al-,Ii,} 'n do w"rk, If one compare. cnergiel uf 
'he .ame I~I"" Ihi. i. ""c; hUI if nne cnml~uc. <nergie. 
of dilf'eren' 'n"". C .. lorie. uf he" C<.Juil'altnt< du not 
RIe.,m e abil;,)" 1<, do "'0111._ wlories of di.pc . ...... ,Ie' 
gradcd hc"' c.",,," do ',,)' "·ork. O",fu.iQll m-CT.he rei· 
~li"e ahili,;e. of .un'igl". "".1 ... -ind. W"CT. and other 
e"erg" ,oo .-ce, '0 do "'0'11. i. clarified bJ- cxpre .. ing 
,h~nl , II in e'luil'~k'ntl of 'hc ""mc quah.)' .• ,,(h a. ~oal 
e'l"i"alent> I"cal«) or (o"i' (uel ~'!n;valt"" (Ke.I •.•• ). 
"'hi~h are o",d in ,hiol'-'ll('r 10d,,,,, ""d 0,\0'''. 1976,. 

'1 he 1I0w uf ~",-.,.~, in lhain. "I i".-." .. ing <]uali,)' .. 

I(E¥ WOFUS [""'Ill" anolyS .. £0"' .. """ Coo" .. ..,,,, ......... , f"",gy 
~I ........ 100I'I. f lOt"'. 'OQ"""" • ..-.. E_~. mo<I ­

... ,~ E_ .. """'""' .. ....,. .. 

["'-"'""""" """'-,...", ..." ,..., • "', 79/_3'5 

, Spt"V"'''''''''II "'" ."" "'" 11917) 

terms From _rgy fllOd<II. ond now enetlW QUality "vallla ­
hons. ""8 can learn ...nat knds '" COIISial S)'Slems maximlz. 
pOW ..... re compel~ive. ooconomica1l>t villi!, and likely 10 have .. 
.",vival advanlaQ<! 

Energy aroatysl$ and $vn1tle.,. 1S .. .;Ied by _'111 elle,", 
d,all",m5 """"'Is oj ttl(! COUI .. , zone Ihal emp!\llsile lhe 

cha"ll" on e.,erMI (lrovirlg I'-""Che..,. ,elaled 10 "",'Id """"QY 
source. ",<Mde insoghlS and some ptWC!...., abol~_lhal .,e 
noIlouod in economoc stud ..... since mew"'v '1Ow. alone do not 
"" ...... 1 .. .. xtem.,1 drlW>ll_'II_ 1h1s pape' SUOQeslS loot' 
",oc~r&S lor coas,aI pI ...... ong 1) calcula,oon 01 .. "".,,,,,,,,,­

'.'''' in unus 01 ~ quality '0 oo,,,,,ni,,,, whICh Pl'01<"C1>. .'" 
economIC on a broad sa.,., 2) oo~nt 01 """'OY 
sogna'",ftS lor coastal e<;osy ........ , 3) 00"""""",,,,,, 01 whICh 
",'e"""" ecosyslems 00",,101> lhe 0051_0' ,_ •. atX1~) 
<le""~n1 01 reg.,.....,~. th.J1 incluOe I~ rna" leatu'e$ 
oj ,,",,' , and natural e<;osyslems. 

.h()...- n in rig"'~ L Low ,,""!i'~ e"~r~)' in 'h~ (onn of 

.unligh, . • ho"'n un 'he leh. i, n~n'("tm~d ~nd c<","cen. 
1I'ale<11h<o"gh ."o:;e,.i\"e .. ag~. lu high <]"ali'~ ~"CTgJ 
on 'he 'igh •. In 'his pt<x:e$O of ul>Krading (where CMrg" 
flo,,·o arc r rom 01.1)' one kind oflo .. ' <]"ali')' ",ur<~) ",m~ 
c ne rg)- i. dcgr.oded ~"d di'per""d ;n "", ... ble furm . 
The ""erg)' ",-, di'pe.-",d m.,a,ur". ,he "'ork of upgrad· 
ing if ,h., .) "er" h •• bc:~n "nder compe,i.ion .nd ..,1ec· 
,;"n I'm' en"", i,'" ,'<l"""";,,,, "",I elioninA.i"" of "'~Sle. It 
.~ h·, n •• "y C.I"ri". '" d"'''e e',..r~) ,,, r"nn "nr C,I"l'ie 
of (on.;;en11·.I"d e"'" Il)". ,,,d, " . fo.,,1 I ".-[ or ~""'tri,i,,· . 
" ' hieh i, requir"d for <0111 plcx ,",o.k. 1 f n'.," pc,il;o" h •• 
produced Ih" Itto .. ~Ir",,'i"., conl'usion po .. iblc. th~ 
,,-nrk of upgldding mc .. nre< ,he i'lCre~scd co .. of such 
com-c";'",, An e x amplc i. Ihe o""'cro;on "I' "",I '0 cl",,· 
•• ;.,;" . du . ing "'h"h ~ . 6 Co,lnric, of fool a rc ,·,,<]uired. 
dir«<:.ly 0' i,odirCf"Y through g"",h a nd .",,-io;e •. '0 
gene""" L ("..a Im';" of <"""ri~;, J', For il> et1Cr~)' COft to be 
j"" i~~d a. a contrihution '0 a .y"~m', maximu", J>O",.,r , 
"pgr.oded ~nergy "''''' in'erac' "'i,h o.he. par" of Ihc 
~"crg)' Ilc, .. ,,, k ,,, ft,,,,uL,,~~, "'a" a. much en~.g)' in ­
COm<' a. ,he en~rR~' o<cd i" Ihe wn'·~"io ". High qua1i.y 
enetS)' ,Ita, ,I",,, "u' imr'''''' '" "ml'lif~' '0'" '1uali,y 
e"NIt)' i ... .",,,.,1. 

f .gure 2" .It",,·, a ~c"n~li'cd "lteme ,,{ i".~r""' ion 
.nd e"Ng" f"',,"e";' ,n. ,,·1,.. ... I. 11,.. f.ee u""ide cnreg)' 
fl" .. '. ;. aml" 1I, .. d h) 'he r...,db.,-k ""'1' F .n gi"e ~ro .. 
""'1'''' )'. The ,iK'''e ~I<o ~i"'" ddin i, i,,,,, or nel .. " .. r8" 
I' """ ",h .. , ra,i,,, ,h., ,Io.,''','er;« 'he .. nng)· ""n'·cr· 
' 10" 1"o<e,,(O<lo1". 1!l71J). 
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'Ifl. 1. C" • .-..,,~, ; .... ~n<' g> .""ill' '~."I"~g from ''''''',,,,m 
.-'" ~·ht, •• ...,-~.' .. 1";n .... 1. f.om .......... m:. "r..".. 
qu.I"I · t.I ..... r~' , ... ".1<..-...... -.0; (I>I .. o~n 'I"" " 10m "' hu, 
..... '.'altn"; «I ., •• 1 , ..... or .""<];" <",",,,, .. lx-r. ''''' ..... ''''~ 
.... , .... dit", .. <1"1",,,.:.1 ~",. '4 ... I~.· ... nli~", 

Elampl" 01 En.roy Qu.lity Enlu.!ion. 

T"t~1 F:"rtC' To ob!cr>'c ,h. o,dc" "r 'n~~"""dc (,or 
,liIr ••• ", .".rg,. now •. wt ha'-• • ,,,,,,a,.d '" ~·ilClIr. 2h 
,h. cooU 01 <u' >I" ' '';OIl fur tidal~n ... 1t' "' L~ R~"c •. 
f . a" .... ",h.,. a 20·r~ ,irl. dTl'-.Un .kn.i( 1''''' r< plam. 
lIu. ,",.uhale" .. 01 t .... rg'· no,"," a •• nkulatrd f, .... in_ 
dud ll'g Ih • ...:- " ... ,\ d..,,,·hc,c in 'he ,",,"''''III) 10 Men,-r. 
a •• 1'",\ ... ,.<1 gvod •• ",1 ... ,,'Kt._ I 'll .d,a" .. ,! N, .... I .... d 
""'k~. arr ul'ru.~d in ~oal r'l"i,.k'H C~I"rie. 
(Ke.I,·. ) ",,1 ""'Ir c>,i"'~Icd I" (O~""I""~ ,1"'11' .I'~I~I 
c ..... i,,, .. (::'k~Ir'" • "'e .. r 25.1lOO ('..:o~., .... 1"" tl.~I~, 

£I ..... ri .... ' .. ,,," ... ,,rri 10 Kn1u .t ~ "~IC "r ' .6 
• 0 , 

N ......... '11. " •• "'''''':tlro h\ ''''''''.''i''l( ,. ..... 11"" k .. I 
I" ... ·h.' .. '. It'''~'' ."d .... ,,·u·, I'm", .1 ..... "';01 '''''1'''' 
" h~rr 1"'1 It 'nc '" .... 1 "'."" "k"", ... r . ... ,,1 I ...... ~I"" .• " 
Ir,," ( •• 1 .J. 1\\ ... '.11 l,uI. Cllltll"" c," ,,-nit ( ~,., It·,,·, ". ".1.,1 
.'''"'K' 1111 '"'' nl"n,,,, the r' ... '~' ''' .. ,,( V"".· ... ,,~ I 

• 
t" ~ , , • I , ----_<._---

..t 
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"" .... ",r,,' ... 'M'. "." <'''''~r, .,,J , ... Id I.f .... 
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N" Eo"n . IU . '" • 1'-0 . '010 Co' H E 

fig, 2I>. [ ..... 1:' I~ ... , II •• """·,,,nK lid.' ...... ,.' •• La ft.n< ... 
I ,~._ <. I .. cIn toM I ...... ""h <""'''' '" •• "I ....... ' I~ .... , to 

.,,,,,,1 ..... 1 ""'" ..... ,," (II f' It. ,.~ "lr,~,,, "I , ..... , .... 1(' . 

,mr"n",n, , •••• , .",1 " .. ~ I ,:n •• III ""M'l'~' ... ' .... ·h.ng<. 
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Diode of "dal ""erg' ,0 I C;Jloo· ... CE_ TIo ~ r~,i" of 1_7 
Caloric. Cr. gn'~'-;It~,1 fm uclo Calm'ie "I "d,,1 ~Ilng) 
~," n ~d i. ,h,' cnng)' '1""li,)" foctm, Ti,lal e lln~)' 01 ,11" 
he'~IH i, h'ghe" qllali,)· ,h~n co~1 bu, not a' IlIgh a. I,,'· 
dn",I"<,,·,,, 1""""" ba,.,d ,,11 , <omi,,1IOIl' ri,er lou,l 
whcre ,he pncrg)' '1,,~li')" facIO, ,, O,:S. 

Marin' f-OQd C~ntu.,. Th., .... ., b. ~",I food ch"'n. of 
CCQ,)'",en" .,-c ""~I'It:" d",i" •• "t! Ill :!)" be cI'a l""'etl [m 
'heir ""c'g)" wII'cni"" co.1> ""tl ~nrrg' '1,,,,11,),. {;'w" 
in Figu,,, ~ arc C" illl,n"" of pneT!:' fl, ,II ,n hH..J ,-h"in. "I 
'he _h .. I1",,· C"""'-):It (;.," ~I R",·,. HlI,,1;! ( ti: e!lll" p, 
al.. 19;51 -I he enC')l" 'I"ali,) 1'" I"c, ""I"''''''''etJ h) 
rncrg' n,,"', '" 'h" r'gllrp I'lac~ algal hi",,,",, ""i,1o woo.l, 
,!p".,,,,, ,,,,,I 10 ... 1."'0'''' "i,h <0:,1. .",1 c~rn " ol·e. "j,h 
ele<:trici" I" Fig" re 4 .. 'he ""c'g' eh .. in fm ~ hlu~-g"""" 
"I~"I """ ,..-.--." ""m 'h,,' genna,c, ~Il cI .... " ';"al ""'I'''t 
di,,~·, I , (A, """ ''''~ ",<I (M"",. I',m ,. II ~rc ,It~ , '"'' ,·r· 
''OJ'' "I ,""It~h, ,. "mil., to ,h. ,' ,.,IUlI",ed ill Tahl~ 1 

.. 
JII"'.1.1 
", • • .,0 .. -.. 

" 
• 
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Fill. 3. F ,,~,~, 11,_" for tl><- .",,"" <I, C'l-.'~I 11. ,,'''. F~"';,I., 
I", .",,,,.""'g ,h. ~".,~, '1".,li" "I "" ~~, '" "'"';'" " .... 1 
.10",1>, 

Fig. 4 , !:",·rg' no~ 0",1 ' '-;''''('''-''''';'''' 'n hl"'_g,«n . lg,,1 
n,", ... "')'''"' I""" A,-"""'''''g ""I Uoium ( I !J6~I, 
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l.,"'1Y Ty!" Co.l tq~ ... I.nu· 
(KcaJ <oal p .. Kc.l) 

Sun!;'"' " 10.0 

SUS" of J'0ll prud"" 
'kin "III di"'lb""~ 0,05 
"",f.n .cr< 
Wood "ill di ... ibut<d ., 
0 .. ' Iud 

Win"'. 10 mph a.u 
TId<t. 20 II •. ~ .. ~ 0.20 

10' .... ,1<>.tlO" , 
po«.'''' 
'11' .... chcmlul , 
po,,,,,I.1 

t;t<<tricl,y " 
[)oil .. n"w, (91) 25,000 

°l"oooiI , ... 1 ....... "" ..... «1 .. pt." of .... 

.o ll,,"''''''' 01 COOl "'1";"'01<." foe,,,, 

V_ .... Od .... IfH 

Q .. II,y" 
fac'o, 

~OOO 

'" , 
U 

.., 
,. 
.., 
.. , 
O,U .. ,,' 

EnrtllY '1,,,li. y t>'al .. ~'~'n. or fu,~1 < Io,i" ••• " he " ...... 
in ju,tg;"H th~ ,;,I<.., .. f \~ri, ... , org~"'''''' 'hal a"~ h.,_ 
,·~" .... I ....... Io ...... ·i..., alh,c-'cd. Th ..... " ... i.--dll)" ,}fl("";'"'' 
,,;,10 highu """'IIY en" •• rc 0011",,,,1,,,, .. p,o,-j.hnK .he 
'J'''''''' ... i,h g'(.l'f" ('"crll)' .... r'·icc. in ,eWrn, Tahl" 1 
gi,.". ]'p I' 'f'''' "'''' i,·" ,-.1" c. .. r """ I g)' "'I" i ,-" [,," 10. I" I he 
kit colnmn. ,ario". t"agr 1),1'''' arc upr" .... " ", ""I 
"'l"i.'~I~1l1O IC~:), ,I"" il . by 'he ",,,,,I,,,,· ul C:.olu";", C£ 
I"" hc~t (::,1",;.,. Tht tigh •. Ita,,<i mhllllll lIr Table I 
.howl Ih" h"a, C"luriu "ee<it'd to ","I.e 1 Cl: C.I",ic, 
Tlli. ",um'" "r ~llrrgy np);.cemenl co",, i. nll~d 'he 
t""'MY'lnal,,) Lu,,'" Ihc "ncTII) q"al;1I bCl"u It' e a 
"",~""c .. 1 """)(" ,el't",cm~nl c ..... t "Old a,,, I"",,,llletl 
to t... ~ m.,a'"" .. r abili.)· '0 CO""")",,,, ",d"j ",'o,l Tu 

'1'''''''''' 
P,inciple 01 High Qualily_low Qual'Iy Inla""UOn 

,\«onhn~ ' " ,he I"inciple of ", ... Im"", f'" .. et 
(OJ"", on,1 Piuk"''''n. 19.'.!t), ."Ir"" ,h., tic,'d"I' 
'U'uc,u, .. I" ilttrr.<1 hi~h q\lalil)" rllCrg)' "ilh h,,.· '1',.,1. 

ity energy ulmu .h" high qualil' to amplify .he low 
q".~ly Rows >0 Ihal m""" .. ork i. dotle by both. The 
point i. m;ocle by ,kc.d,e. in ~IRUK ~ for Iwo "ows. 

ThtK arc ;mportant (O".n.';e. of Ihis theory. If 
maximum power K'I"it"Cl high .nd 10 ... qualily enccgy 
i'lle,oo';on. eith"r One can be limitinR to the other. 
Wben .herc i, o l\ly loW ' lu .litrcllcrgr;1 dcvtlopo ~ ch ~ ;n 

of energy t,..",fO''''~li''"1 Ihat gen.' ,'."". "''''t bigh 
quality enef!ll" ,h., can feed b.:td iU .I","'n in ,he gCII' 
rrool energy chai" or rigure la. ,\lthough energy qu~lily 
fae,o," for cI ..... ' of ene,1O" 1\0 ... ~ R;"en in T3ble I. 
the eX:OC' valuC$ m.y ""'1 <kl"'"d'"g olllh" concen''''_ 
lion. of e"ergy that ue imerxt;nR. l l>c more limiting. 
How . • he higher .he ene'gy qU'~ly factor it bao in any 
potrtkubr in."raction .ueh .... he one ,ho,,'n in figu"'!t. 
All .h" flow. ha'.., the energy q".lily .,00ue of.M COlli· 
mon DU'Put oince' ciKh i. cq".lI) ,.,,,,,,li.1. 

F~. 5. T~. I""I"'''Y o f Iv ... '1".li,y • • "" ~Y '''''«;''3 h;gh 
' I' ,.hl) ."rr~y for ",~,i""" .. _". ~ "I It ... , h. t.' <lTe'g), 
."'1'1.1., .. >On ;" • I)" '''''' ",,100'" "'''".,,'' Ibl 'M"~J' ;", ..... 
'''em ito •• ~'.l<m ,,'1"'0< """"') " ; .. ,·"h «I ~",h 'he h'~h 'I'''';'Y 
""'f~. 

, ",. 
0 •• "" 

( [t,o'q, 

~Io'. , 
~, • ,--
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'" 

•• "",11.0 
., ·If/ll. f )!., 
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Investment RBtio 

T h. pri,,,,il'''' .Ir~, high 'I"ali.), ."~rKY II..,d. low 
quality cnng)' 10 amplify it in order to grn.r~'. 
lIluimulIl ,,'o.k 1)()(~n,i.1 u k •• a ')J«ial f"rm in the 
coul'li" ~ of man·, ..,,,,,omit ,) .. rllllO ,h. frec work "f 
n.IL"~ ~",~d ull d iila • ..,Iar energy. In Fi!(",.., 5. l!i~h 
'1, .. li,y .".rgy F i, 1''' ",h. ",d at I'rit~ l' ,. ~nd i, ill'er","" 
.. ·itlr tr«" """1';:)' inA" ... I, N",ir~ 'h'" "",",ey,irn,I ... ·, 
U • <o"n'. "''''f.",. 1'" I"(h.,. •• nd ... Ie. in, oh·c h"",,,,,. 
b", do nOl. I"')' for n .. ".al u'crn~1 inputs. Mon.)' in· 
<on,. i.ohtained f'olll ,Ire nu,p'" ... Ie. of 11,,,,,1. "II<I ",r· 
,.""". a",I,hc pric. 1', hal '0 f>c a<lju".d '" tha, incorn •. 
in thc long ,,,n. a, lu". "'Inah u~"di\U.u. fOf 
8'0,.·. 10. in,o"'" n«"<l, 10 Cl<cc.d mu".)· CUJU u f 110. 
purchascd inAo..-o. 

Th. ')"""" ,h,u ha, more frcc .n~rgy '0 ",.,d, .nd 
i"'croci wi,1t purch.,...l cnc'gy ge ne"'e' nm~ wor k 
and ou,.11 in !,ruduc"'l a Inw.r I"·'"e. In 'he priCe ex· 
I".""''' ,hown. ,h. Am,·. r and ~ .• ho"I<I be eXl'rUKd in 
,,"i .. of 'he .. m. ene. gy qu.fi.). Th, I~rg'f J i. lite 
10"'" 'he price. r , . and ,hr m<lf, • h, .y"~rn <"'I''''''~o ,he 
rna<ke, in competition "'ith prod,«"" h3"ing , rn~llrr. 

"a'ltfal (,~ fl",,·. f. The i",-.,Un,·", r~,i() i. dch,,~d .. 
F/I, ,.·hen both ar~ in 'he sam. ""c"g) <[u~li'y ""i". 

In ,h. U"i'cd S,a ... ,h. \, .. io of hi)(h <[u .• fi,)· !"". 
ch~ .. rl .. ne'g)" 10 nan",f ~""g) i. 'o")lhh' 2.5 '0 I (fll). 
1000,,>I "'c" " of 1'""h ... <1 en .. rg)' ~t a high.\' ""io ",a )" 
he .xf>C<"lCd '" b. I ... cotnl'~li'i'-e. Th .. ra,in i, ,ha"gi"g. 
h",,· .. ·"r • .,,,1 '''IIle high 'lu.li,y cnc'RY oJ SIc "" ,h., ,t'" 
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~""mn;, .oday ..-ill b":om<" le ... o in .h. fut,, ~. The 
"',,,Id·,,·id. a".tag. i. only O.~ '0 I. Lo .. · val" .. >"eh a. 
,h ro. indi ca" "nd .. d.v.lupllle,tl. and ma y a,lra« 
.ddio.;o".1 in,·eS"'II:II' e'IC' gj'. 

Ene rgetic Viabifity 01 Environmental PrOjects 

Th~ ill'·.""'C'" 'a,i .. lIle,h",1 di.,i"g"i.he' be,,,,..,n 
pHI.ic<-" ,h,n arc c£onolO;'- and 'h"",, ,ha, arc not. T.a,li . 
,i""af "'U1'ct •• ~ cOIl -lx-II.r" "naly,i. make. a paftial di •. 
,i n«ion bu, doc' 110' .~alu"" ,h. matching of 1'",. 
d,"",d ... i, h "a, u,",,1 cnerg)· "''''''Co .• :xpc"d i,n", ,loa, do 
no, m~"i ",i .. 'he "'"'eh o( .. ,etSic , 1<1 'he 'l .... '" ".i"K 
,h •• "vi"""",e,,' .nd I'''.d' .... ''l ''''''g). i"p"<1 "..ell do 
nu< con'p"" .IId "'ill fai f ccunnltlinlly. Con~"cntly. 
mild, ",.n.multing c.",iru" ",ent~1 , .. dll,ology may '''rn 
Oil' '" """ ""' g)'.;nt,n<i'·' and a poor expendi, tt,,, of ,h. 
"", .. n'.';"n doll. 1. T ltc i,,"'"l1Ic''' n,io "",hod wa. 
""'(! '0 <uII'par. alt .. tn",i,·, de,ig" "ralcgi .. itt ""era l 
""di.,. 'he main I'o inll of which a ', p" .... "'ed "eX'. 

C"""i~g <if n' .... ~1 D!Mha'IC'J Qf p""", Pl~~,. Tto.. in· 
, .... n'cnt ra,io pri ')(;I,le was " .. d '0 ,'-al lla,. "'atcf cool. 
ill~ al'ern .. i,· ... and i"'I';on. on ,lte .. ",ari"e ,,,,·;ron· 
me'" " Crp "IRi'·N. Ff",i,b , Af'~r 6 )C~" nf rcgulH 
01''''"''' i,,". 'h, I'ru<luc'i"i. )· of ..,,,,e f 6U ;oc.". "r ,he .... 
'"a')' h~d lrttn d",-ru",d by aWlIt 50 1""'0·'" d". '0 it< 

Fig . 8, ' n«r.<lion of .11 ""ine <ooI;n~ ~'i' h ,I,.., ,,,.1 em",n, 
."d 'hr .f«,""i,·r (If a <uuh,,~ '0'"'". \)", "om Crp .. 1 R;, ... 
Fl. ({~f(l",e'af.. 19 ~,,! 

" 
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"- ./ _._-. 
Flg.7. I .... ,,' ,""."." h,~h '1""10,, e,." ~,c"",-,,·t"'''l ~."'c 
''''''''''enl '" ""","" , •. " ,,-,tI, 1-'" """",,'''' 1M" ... h. '''7.~1, (.0 

;n """"1'10. I .• h· ,. ,II. ," "" hI P ",,,,,I .... tt·, ; "ICO , ,, ,n, 'hi '" 
"I"'" '~""'I': Id ", h" 10"" 1 .. ,,, ""I, So,t" 'h ... '" I') "" 
;""'" ""!I' , ... ". ,. ",.1 I." .,~ "1.,,,-,' 1", ."'''' ,I.", ,. ~ ... "" 

""" I",,~ ~"h ".,,""\ con ~,, -' 

T~ce;';"g di""harge "'~ltt ftol11 a O'K~'lhro"gh co"'i l1l{ 
."'~rn. The cn~rg)' illll'''CI or l!oi, ,"' •. ill r"",il rlld 
~q"i"ale"lO> "'as CUtnl~lI .. d ,,-itll ,h~ '-Ilergl' r~'l"i .. ~d fut 
cO()ling <0"'''''. which ... ""Id cool an e"i",",,·d 517 mil· 
Ii"" pcr ~ar (Fig, 6). Th<" en<"rgJo' "ccdt·" ." <"itmin,"<"' 10<" 
I"",'e' 1'1:11 11 ;trtl""n "'~~ ,·~-"I}· gred"" (100'0 I) ,h:", Ihe 
cners)' 10<. 'hrnllgh i"'lh~;r"d p.,..d'K,i,·;,) al tI,,, I","'cr 
plan! ,i." (S",i,h. I 976; McKclbr. 1975). 

I" ",aki"g ,hi, e"im:II,·. ",'C a""',,ed 2:),000 C:tl"" ... 
"f e"n~}' f", ,',.1, dolla'. Fur.)' 1,,:r<C"1 (or Ih" 2".000 
c"I,,,i,,, i. la k"" '" he 'he hidd~n. h~e <""",i l""io,, '0 
Ihe lI . S. «onOlIl~- "I' ... ,1''''-1.0"..,<1 n.11""al i,'1'''''' AI 
Cr~->l"1 Ri"<"r. Florid •. 'he I""" of Ihe <o",li"~ ,,,"'er "" 
'he el\l iru" menl cI"",-I,e"" "'~, grea'e" Ihan ,10<" 1"".1 c,. 
I"~,i,,e i"'1"n. 

11""", r"",,,,,", nod NMII"'/ nHy/mg. Fig"'e 7 f..,m 
~1 inclo (197~) ,Iou,,', "nnll)' .nal) ,." "r Il'c"I<'" """'a g< 
",,,>Ie pro< .... ing, Th" i", ",,,,,en< rOlio m"' hod wa, ",..oJ 
,n cum!",,-c ,Ii,,,e "I .. rt""""o: a) di'I",,,,1 i" a I"~e ful. 
lu""",)),, It:fO""d wal", in.i,""lion (F;It:. ,.). hi d;'I>o ... 1 in 
r>1""i",,,,,,,,1 q'P"'" ''''~'''1'' (f"i~_ 7bl. ,,,,d d lerti.,,') 
" e.""e ,,' h)' l"d,,,,,I"II,,.1 m"." . (Fi~. 'd. Ter,ian 
tre~lrn""'. wilh :.Imo", "" """k d,,,,~ b, Ihr. ,·",·i",,,· 
",en', 1"",·c.1 10<> II'C'!! "" e~I'(,,,t! ilur.· .. I I .. "il 1'".-1,. 
di .. "<'II) ~"d i",Ii'<"<I II . '" J,,, <..-.~'''mK; 

C(>dJ1n1 Fuh,,"!, ["I,e ""I''''i><: ,,,.I,,,,,,, 01 """"", ",. 
,c<I mc"" i, ill 11<1 "It .. " '" Filt" re 8 b, "" ''''a l) ,;, "f u' ,. 
ler .~Ic, f.-..", Fr;n,klin Cu""", ~I,"nt:. IU"l'''o", 
1!i7~1. T he f'~IIr~ .10"",. ene,IP .d,k') '" ")'I<"n "hieh 
a'~ ~ ... ''''', r",,~h'. 1"' . -"'«.1. "I'~ra,)rd in 1".-La~il1~ 
""d ,,,·~,I.,h,I"r. '''''' 1",,,11) "',Hoi '" 10 ... \ 11 ... i"'e'" 
me,"' , .• ,i .. i, 2, I ,,, I. ("",id",i "I: all II. '" '. "' I,~ h i, " ... 
far f ,"m ~ . 5 '" I. "hid, i, ,h,' ,,"Ii. "",I a'· ... "~~. ~h,ch "I 
I"e en"'K' i, a,I,I,'" "" .. i,le Fra" kli" C .. ,,,,,,·, r\. <""e .. ~' 
0.-.:,,,,,", I,·" ",·.iI.,hlp. hi~ h '1"ali,), 1"" k ''IIi,, ~ ",ill I}<' Ie .. 
""" """'. ,,, ,,\I,,he" 1>" •• 1",,, ~' ill be "",<1 "'Me "r,,,,, 
10,:,,11, . "i, hi .. " 1" "1 '" .I' ion_ U.in~ lIop il\\ ,·, .. net\! ,a, in 
u"e ( .. "Id "mil" Ih'" ",,,,,e ~(I'"'<"'''I''''' I'm!""",,,,,, 
lh,,' I""" 'n)' I,,~h "n"" or I"",-I"",,,d '" "alural 
"""IX) ",II he "lit·""",,,, •. hdorp ,h,· bad n,,,,, " i, 
I""",) 'he 1, ." ,1 ".". 

/-1""""1: J)"",,,' ,OJ r,.",,,I. /,,,,,,, '1'1,,' i,,""'"ne," "";" 
I"., .• 1", ", ., ." ""." I .. ,·,.oJ".,"· I",,,,i,,~ dc'cI"l'm~n" ill 
,he """,,,1 ""'''_ II.~I, I"""i,,~ .k",i,i,·, i"",h'" 1'''11'' 
'1"",,,i' i," ,,\ 1''''' h ... ,'01 10",,1 fud .' ''r'~' "'i,h I .. " 
" .. ," h;,,~ "I ti,,' I",,' <· ,,,,,.,,,,"'<"1 ill 01,,· hi,I.I"" "''''k "I 
,·~~~t:II''''', "",,,1. ",II,·", ,,, d •. rn" ',11"'" l,,"elllo:<h. 

,<c" ir I to'''' '' ", '" ,i,,' ., "" I~ me ,". ".'" ,. """" I" i"" , 
~ . , '" "" " "u .... "'l'l'lie, ""t! Ih~ li k!"_ Ca k"I., io". I,) S,d· 
1M 4 I!',.'» a,," 1\""""" (197~1 f", )wu.i"K d~,'cI ­
"P"'~III' '" Flnri.l" ,Io",,· .. d ,h., 1"01"'''''' plan< ,,'e'e 



'" 
no.'. h~~~<t"~' of fiw..'l 1"""""" ,,;,b r",,,, Ii .. ' bo..-d 
~""rg"'''! '''gl> 'r"'~" "" .... ,~'I., ... f" ... W<1. .nd ""-~,,O'd!of 
" ... it, ... 11,,,,,.1 , ..... ,,, .. 1...,,0' ..... 1'7~1. (., lou. "l'''' .... nl 
"";".11,. r,,..., h .. :. "'I'"'''''''''' .. "I. ""-~."' .. nl ~"IO. 

... i.Loclnr)" ""I)" if bu,]dinK' w~rc di,pc'''''' so Ih~, lh~ 
o"~r"1I ;"v~."n""l ,.,io ,.-as kepI rc"...,,,~hl,,. TM r"n. 
1"'''1'".",1 ,'".dopmont of CO",J""';II;""" ""d 'he 
"a""ll~''''';l1g I'''pula •• o" deMit), would h~"c hall ... ,.~ 
high i""n!t,,~m ..... tim. 

Feedback ReWlrel Loop 10 N,wr.' System, 

O<hll" 11%7) h • • di"""."", ,I,,· ,,,inc.il'k lha, "" )" Il'-
• "n ,,' "., u , ... "'''''. in ortkr 10 ... ,naiR «""1'<'1 i,j,..,. 1 .... <1 
l ..... k "' .... ·11" W '10 ",n", .. ,,<I,m '" ~"'OUl1lJ a. I,,~ .. 
"lOla' ." 'h ... , II .;,.....1 ..... y. Th" fU'''-''I~ j, .,,,,,.,, ,n , he 
'''''1' .""Iow •• '" Fi~urc 9. In CXIJI""in~ .. iM h.I .... "~ •. 
man h~, h~"~ ... ~d 'I....-in .. -i,houl ",ak",1C oI,i< I....,d· 
"'K~. 1"1,eTr ha,'~ t.n:n ~~<epli"", '"eh~. ")'>le, k3,cI . 
• ",rK~,II~d •.. " .. 1 ",,,,,,., na". II", " 'r h:,,( ","''''ed 
ICc"'" ~II) "" ,Io,",-,, " ~' ur "1" imum £,ltd, I~, ..... I "" IM 'I"" 
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Fig. 9. ~ .... ,d Ioop ...... l.bnl "rmo"',, " ... 'onlu.""" 
.,,",uh ... 

la,i'ln con,ider>';'ln, .I'lnc and h,"~ ignored lhe ,up-­
p'ln;ng .) .. ~m .•• if Ih~ ("~rgy b • .., ..... nut ,ubitt. 10 
dil'cr.iun. 

I.;, diff,cult to find wayl tQ Slim"lale fcedback_ In "g' 
riculw'e ~"d fo.e."'y. fcedb~ckl roO' o.'Hdlife h,"e ~cn 
dc' duped. I" e""afi~., h""·.,·.,, I,"ge .i,~. public Cun ­
lrul "I' t h • .. '~,e" i 'lI',. ,loilil Y or M''''ks. a"d di lJicuh)' of 
.. ""king h.,·. "·",,ked a\lo"", II" •. l. i11\o, ..-ondet . then. 
lhal 00 man)' f"h.rie, h~,'c been ,cduc.d. ,he energies 
g'ling in,,, othe. I'''th .. ·.}· •. 

0.,,,,,,11. the g.o"'lh Qf rollOul I>opulau"n, hn TC ­
.nltnl in the f.nlhark to eo,n.rir. of I he ........ "f ei,-i l,. 
,,,tiun . Th-rc ...... ·."r. h,,"<' .I1CTJII;:Y ".10, •. hu, 'he)' nou", 
.".'gr SIre," •• "",II To .. h.t" 'er u'e'" ".,,'e f...,db:..-k 
' 0 th • ..,.; ••• " .. -.,,1 koop fur ",.me '1""-;"" ". rna}' ex_ 
I>r<:' ,10""" food chain' 10 be: ~"".in",1. We .. ill h~'·. the 
<h~l1e"gc of fin.hng I .... .,'" f«dh~<k , ... ·.,d. fOT ,h. 
pa,hway. o f ",a,inc 10,,,,'(,, . 

Energy Signature for Biotope Measurement 

A u,dul g'"l'h r<~ ' r,wI'K)' a"al)',;, i, ~ 100' g'"ph of 
Ih. energ)' Ho"' •. "' " Jgge .. ~d in fig"'c 10. F;n' lite 
T~g"b r hc ... "'l"i"a~'nl ""'to <::In 1:0 .. "..,d to . 1", .. · the 
11",,· on ext> "'UIV. i,,"udn'N t"c'~) n",,', inl .... <ting 
hOln in'e.nal"""'~.'lfill II") . 

Nu, ... trg) qtt.li,y f:oc'''" u~ di,idcd into ,h. heat 
<"<1"""knlO In cOn"ert ,h.m '" fo,",1 rud ",,,;,·.km. 
e h lli_ 10e)_ Rr exl'rc."ng ,I ...... n' ""'" "r I h ..... me qual. 
i,)". their .. Ia,i,' • ."wrlli} to ..... <1""1"" .. <1. The 'heOT) i. 
,h., <omp;o"""". in u"i" of "'I,,,I'I,,.Ii,y .ho .. -,h",. ",I· 
a""" uluc in generatinl{ "' .... k and (on,roll,nJJ 'he " ' .. 
I,',n, I" the eU"'1,It· in Fig"'" '1 .• unligh, ,""e,,,, PTe' 
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Fill_ 10 (al [n'''~r ' ;g".tur. , (bl h~>< "'1""-''''''''' (t ) I""" In~1 
<~u;,"kn"_ 

domina'" un,il it i, pur on equal 'I"alit) ba,;" and t hen;t 
i, Ie .. i"'porl"n!. 

De"eloping "n~rg)' ,ig""""'" of ~'\I' ; I'ot"n~m' and 01 
characteristic 'plem, . hould h~lp " ' i,h a "ery old g~n· 
eral o:<olog;<" obj""li\'~ (pr~dicli"g en'" '(em, Iha, ro -
• "It fcom '""~' n en,·i"","""",l r""",,) . Thi, )I""'UP "I' 
"",-iro,,,,,,,,,,,,1 fact""o ha. '''"lel;,n". becn called 'he 
biotof>C. 

Interface Ecosvstems 

Bel"'~"n h"m>n acti"I,ie' and 'he "atural ",orld of 
Ihe e.)u.,., nc,,' "''''og;~"' ')'''<11'' "r'cll dc,cl0l' b,, · 
~a".e of 'pee;,,1 i,uet'action<. The ren'ciil1!( of " .. ,,"c., 

pu," .ness upon many ~ompon~"" of ""uarin~ <'<OJ}" ­

tern •. but otheT 'I"'~i~, ad~pI Ihem""!.-e, to the new 
condition, b)' del'eloping Ihrough tri.1 and ~rror the 
re"'ard 10<)1" th' generate ne '" '-at·ietie. of «o,)'" e m •. 
Th . .. we call mini"" ecruystem._ The)' hal" gl'O"'tI up 
in en"ironme"" alTecIed b)' .... ·age. thermal emuen .... 
pu lp liquors .• 'nd othu "'"'tc>, 

A, a principle in c"""a l "" nagemen l. we .ugge .. the 
recognition and dum,,"ication of interface <"0.)-""01' a, 
a wo,' to reduce eOl·ironme nt.1 impact and "lie mon e)'. 
An cl foft wa. made to identif)' and categuri/~ ""crface 
cco' ),""m, in a ,""'e)' ur U. S_ e","ari •• ",a(le in 1968 
(Od"",. Copeland. and MacMahan. 1974), Since lh~n. 
k'e an d others hal'e atle'''lHed 10 domesticate >ome or 
Ihem so Ihe)' could be u .. d 10 good adl'antage. At the 
I'er)' Ie"". nature', .. If-design • • hould be reco-gni,.ed "' 
u",ful enti, ies; \he )' un also be ,uLo p'ed co""e;o,,,I) and 
""plicitl)' 10 .. " -" the purl"''''' of e,,,'i,,,n,,,e,,,a l man· 
agement. Figure II i, a gencraliled ..,herne of the inte,', 
face function, Snme 'peciflc exampl", are gil'en ,"eXI. 

Fig . 11. 'ntNf.ce ,)'". ",,_ I') ' <:< h",~"!t;<., i",.,r,ce. (bl 
;nl<r!""c """,)'"."" , 
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Treated Sewage In Marshes and Cypress Swamp 
Intenace Systems 

[ ,ide,.., .. Ihao . all "",. he, "pt,.-;ne ""i,r"~I".ih alld 
with h;~he. 1""dl"";lil) " nde. trca'cd ",,,-a~c ~,,",h · 
tum. "',,, "I~"",cd Imm .• """ ( ;,,"" I""it",." ,Ii., I",,;· 
,lite "j M."i,,,, St ... ,,,,,,. 1' l1i"''''"l " I ",,,,I, (:."0,1",, , 
fM ""I",II, 1\1;1). s.,"")(~ pm,,\, '" the "" .. ,he', "'",,'­
wh .... """Ia'ms e,,,,,.,inc 'e<r."". "," ,e """'., I"·'KI", . 
';'e in ille" ""Un ph""", .. Itl,""~h h,,,·cl' il> d ile"'" I" 
hair due 'n Il>" ox'gen .<>"di'",,,-, at 1I 1 ~1", The 1 .,r~e 
ma",,,crip' ,," ,hi. P'''.i<'<'' ;, 111)\' enth 1m publi,.,;"" 
(1 1. T . Odum. [ , J. 1\.., .. LI.,r . ,\. S. \I',IIi:n",. J- D,". and 

W. lI'ood, 1976. SIn"''''e ""d I""c'i"",,,~ of e"""l'i",: 
c,<",,,',,e,,,, cxpo",d I" Irc" wd ... w"~,, w:o "e' u,"p"MIh,,/ 
Un;,''''',,,' "f Florida) 

A"",hct pm;"';'_ "'PI~,,.,~d h) ,h., R<..-~ddkr t-"",,· 
.la""" ~ .. d 'h,' R \N:-; Oi"i,,,,,,. N,,,i,,,,,,1 <;';~"«' F,,",,_ 
da""n, h,,, I ... ,·" It"""1( '<'<l<I;,,~ "I " "" .. ,,<1 ,~"a~~ '" 
"'l"'~" d"",~, 10", 'he I"'" "'" ;1""-' (0<1"", ,,,,d t.~eI , 
1974), Th"""",,1- "I "1'«'" 01,,,,",,, i .. "" ,,' ,,," ,,"~, " j 

Flo on,b , .. , ,,, "," '" .,j " ... , ., ' " ,,,,," , ... "." ",,,. ,,,,, nit·", 

.dl-<u,,,,,i,,.-d ,tt~,,, "I ( ,,, ,,<I ,K n-' <-,tl "p]e,n·",h ,,,'. 
«1" I ,,, ~ i",-hc' 0] ",a"e "."t" , I"" "c,·~ ,,,,1,,,,,, 
dillic"ltl. alr"" 'I,,,,\( ""',,,.,," "",] """',]"" in 'heir 
n;o' "r.,] lihNh.,d, ""d rcch,ltl( ' "I( 1("'" ",] ",un' ,]"" I, 

- "'"'" Groundwar tl ---
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O"·'·' ~''' ', I ' ... 

Fig. 12. Rt..-.~Ii"~ ,,,",,·d "'''''~r .. 'a,,~, on,,, co pro" <In"", ill 
I'r,,~'r' ,,' C" ,,,<,, ,]k f ]", ,d" ,R,. l del!., 1'",,,,01,,;,,,, .nd 
1'.,,,,,,,,1 <;, 'C'M < h .. ""I ... ,,,,,_ 1l \" ~ [),"'~ '" I 

I- \t. "I , ) I"~" .I"",,,, ''' ''I' 1,,-, l".-I~' .,I,le ,,, k .. , """,,,1 · 
1,,1010, ,'d,'''''' "I ~ '''' I" ill ",I, """ ,I,," (hI(, I ~!, 

Estuarinll Cooling 

,\" ,'" U, .. i,,~ 0_ 'I,,,~ ,,,,~, , ( "" .. ,,' ,~< ""'er h", er) ,_ 
'~I Ri,-~", Ho .... !;" " ... _,"'d,pd I" S",i,h ( I 976), S"cdAn 
( ! 97 5), ,,,,,I 01 hcn " 'h, , 1 ,,""d ,,,"'~ 'p'" ial ada p'a' iom. 
,,,ch ~, high.r 1" '(1(\"'" il i,) i" " i"'~T and I,,"e, 1>"(I(It",. 
lil'il) in ,'"m",~r. Thne "erc .... 'me lurbi<ii,ie. in ,h"", 
",,"" ," , h", itt 'hc Icn 'h"Il,,'" ,,·ater< eomide''ahle ho'· 
"'''' "-I(CW';un "'" ",,,i,, ,,, i,..-d, The iu,er I"e<: "W'l "ern 
,loa' de,'d"p"d hCl'~ ,,'a, n""',, l,rud"ni'-e ,han mn.1 

tn,,,itlt, "'''''''P'''' .. oI'h,,"~h \c" 1'0'""",1"" ,bn 
." ''''''1<'"" "I """" ''''.'0'10,' "",,". 0, ,",,. 'C"'-' I. "I 'he e,· 
'''''r) _ .,,,,1 it'd I,; I.d, "','" ( 19H), "ere f"u"d "j"hl" and 
1"""i'''';''1( i" ,I" , 1"",,, ,01 di,, ' IL,,~~, 1"~"r~ 1:1 f,nm 
1, .. 10""", ,I",", ,I", ",,~Id .",,1 t '~"I<- (1,1, .. """,I .. """ 
",,-",-I 'n "",,,tI .... <I". ""I",d "I 'ellll"-","1'". ,,,,tI o,hcr 
"'1><'<" , '1 h,- 11",,,1.,, i,,,,, "K"'~ "" II h~kl "h,~" ,nj"", in 
,10, ''' '' '~ 1",.1, ,, ,i, i" " "d ,1<-< "."",.1 dil '~"'" 

T I,,' "',k' "I mt" ~,' ,,,,,I di" h,"'l(c ",,,,,,1, I r"", I"'" e, 
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1'1,,,,, '" i nl~rl",,~ Ccn'H '~no, wa; ,,,,,lieu 1;0, I\"ml' (It, 
I' .. ~p"'-:""m ), n,e;r 1,<,";on h.',,-cpn d,~ ,.""",,' mHI 
'he I"'~" " 1, 1, ,, ,, i, ,h"",n;n F;~"' .. 1,-" I" I"~ ""~ I ii .. ,"­
nu"1 "'~''' , ,.,1",. , I", II""" in ~l"""_' "I ""'I'" d"",,,,,,, 
(carbo". ""Ken. ni'mgen) r'" no' per <lal "Old ",> .. a~c, 
i .. Kim' and 'l'p.ll(l()(l in<i i \;tl""I< ,"'" p"," i d~d 10' a) 
'he ;m"le and. h) 'he di"-Io", ~" e:On" I eu'" >Ie' " < " 'Io ieh 
;"'Nbc. ["''''eO' pl,n, '0 e"""')_ It "'" , Ix: "''''' tha, th .. 
h "Il~r, ", " .. ~ I" .-I~d. • ".; I, ~ r ·11"" i "g d i '" hot r~" ca"" I 1(d(1 
grea,,,,' heml"c I,;"""", hu t ,,"" I"" ,!i\-n ..., ,Ii"" 'he i,,­
talc ca n,,1 "'-'"P''''''' Ann"a l ",e,,,, )IT'''' """"n,,,;" 
I'n~I"Clj"" "I 'he '"'' ,an:ol ')"".,," ... " "I~,,,, ,II I,n· 
et'n' g""'"'''' , I", .. 'hat "I', he hal ""em, , I "'1 d;'pl "C<', I. 
b", "'", 3!11'ercc)l( 1,,<1 pr'Kh«' i \~ d",n 'he ",It ",,,, ,,10 
'''''''t'''~'''' ci i""",,,,,d h, <,,".,I '""<n'L" -,i,,,, ().;""'I' , i" 
prep""";o,,) 

Mang ro_es as Inte rface !;cosystems 

M""W""P' a .. e g(,,~j ;" \,,,-1;(.0, I"·!\,ec,, ",.", ', ",!t Ie· 

"'COl" o n ,he ~""" and 'he "1"''' w," ""'. Th~ ""'ngr'" c. 
art " a hurr;c."e huHer. """el'" a",1 nut,'"·,,, 1,,, n-.., ; 
, 10",' .,1",,, h ",,,I ,dea,e ""erg' ,," h "' <\;,h,l i " " I: elk"" 
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I,) 'NT"( CONOL [OOSYS"" 

1'1\1_ 16. h " ILi.,,,,,j ~ ", ,~, ,!, .,~, .,," "I """" " " " I""" " , ... I 
<:on;o l """,,",'''', ,", ('" .",1 R i,~, 

G;H " in F'I:"rc' li-2:1.",· "",,, I.,,,,.,,, I" -;,,11 (I" 1''''' 1'_ 
".-a, io,, ) or m" "I(m\ e " " Hid, '" ,1>", ""'1" "" 1 " , ",,', ,_ 
""'-'. ,,, hu,.,';"",,,,, .,,, 01 , .. oI d"Io .. ,i"" I h",,· ""di", ", . 
d"d"d 111(""""'"",,,,, "I ~""", tI" "",,,,',,, "I"" ~". :0,,01 
r~I:",," ' h 1"II" "i"g 1"·,I,,,j.l .. "1'1'1".""", 11.<-,,,11, , .1 
'" Lt" 1(' " " .Id, .",,1 "'" ttl ... " "" ,tt , . • ," ''', ' ,'", " " I. ' ·.tt 
Ii", id, ',,, :01. "" """'~"" '" ;",01 ,h<'i, ,,,,,,,.01 .. " I,·, 

F;~"",· Ii ",' ,,,nl,III,,'oI ,,,,,del "I ti ... "' ;"')('''''' 
en",'''"" Ih""'"g ,10" i",~""li,,,, I"·,,,,",,,, 'tl .'''~n.',' 
I"",,,,,,,. ' '' ,'''~,.,'''" (1<-,,.,,,,, , ,,,,,I "L" .. i,''''', ~" I,,, ,-;((11,,­
ti""" tI", "'''I' '' , . "",~, ".,n,,·, " ~to t! I"" "I " " ,,,n· 
,crl,·" , ,' ''' ' ~. 'I\ '' ",." ,,',. ' I, ,'. ,,~h 1, 1".,."""I ,,·,i, 
[ "erg' " d""I>", '''''' """""'"" ,,,,,ol~ ",.,,1.01,1<- 'h"",)(I , 
"""I.tll. d,,;1\ ,i,I.,1 ",,10''''1:'' ",,,11, ,,, 10 " '; "'" ,."",11 . 
,\1,,,. ,he ,,,1.01110,, ,,, ,,,,,., ,, : .. , ," .'" ""C" ~, " ,10.,, 1,_ 
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fig . 17. M"dd o{ ,n.ngro'·~ It"'" ,I, ,to no .. ;d. ",,,h hOI"'" .... , 
.nd ,ho: ~U« .. or nu'''."''. \'.Iuc •• ,~ '" on I." lilt p",h-a.·, 
•• K! <omp''' ..... "" .. ><1 ...... hom .. ("~ tIoo .. 1n L .u~ .. ><1 
Sl.ro. ~.., ( 19H) .nd C."., ... 1 (19131. 

FigUTr IR .h"",. ,h. imp.r, ,hat '"'kin ".:el .. fm", al· 
""",/: ,h. I~,'" "I' "u";.,,, .. ".,0 a """'K"". ''''''n''''';'). 
eo ... 1 , .. d"d"d d ... <onl,ib",;,," r rm" len." .",1 ,unoff. 
' idal u~h~I1~ •. and ",,,,fall. C.", J I e!'mil1.,.d ,,,blex· 
<" ,mg., Ca •• III cli"""a,.d 1.,rcOI.i.1 ,,,,,o/T, C~.., IV 
• ljo,in",.d.1I h'" 'he "u, ';.111 nux Imm fa iof" 1I In "arb 
.in'OIio". man~""c hioma.! ",nu>e<1 '" • ", •• i",,,m 
1",'.1. bll' Ih" linal I.,'d .. ',. I" ..... n ",II , ,,,,,, ... ",eM 
"'cr" •• mn,·cd I h. om . .. • ",,~,i'H' .......... ,.",""at,,!, 
hoth tidal urh.n!! •• ",J Ie. " ,."ri.1 .ullofL no;, .. "",1,1 
.ugge<1 \10;1\ ,h~ cit""" 01 rl"f' Illi ng ,i,lal cr~~ k. "nd im_ 
pou nding " ""' )(CO " '., wulo l hl' de",,,oive ,n , Io~ man _ 
wm"~ •. B.,'",,« I!lH) n."ed,I •. " '" ,I", C.uoni sw~",p .. r 

f l; , Ie. ,'U ... , "" ' .... "~'m~ , ... ,,""" .. , .h"",,~ • I ... n""'~'" 
tI, ... ·, .,,'" th .. "'."K"" r c<",,"'''''' ,:, .... L _", _h 'rn <,to ,,,I 
"",,,n' .nd ",\,1 <" h,"'~r «,,, 'nl.,, ,, '''tt , 'e ,'" '" 'lor tn,,,_ 
K' 0'<', C . .... II _ ud,,1 n",,'"'' , •• "., ,I.". ;"n ~I ; 'n'n,«d. C .. " 
I II _ ,e. , •• , , ,,1 """ ,II ""n K' ,,' f""" ilK,' '''n < I"" """« I I:. .... 
1\' _ ..... 10 " ,bl .,MI ,O', , .. ,,, ,.1 ",," '.'" ,.","'il~,,,, .,,, ,I"",· 
~,ro 

• • 
• 
I 
! 

i 
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_~ or . .... 
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Fig. " . En<n "" 11):'''g''''. bjorn." 01 ;'K"'.';"8 , I,.. 
"""",,,, Ho~" I",,,, ,,,,,,,,,,.1 ,,,nolt: C • .., 1_.w"n,1 'w' 
"<em llow. C.>< 11-(, loy I",«cn' g« .. ~r 'ha" "",,,,.1 
"",,;.,'" How. C.>c l ll_lwi<:< norm.1 "u,r; ... ' 11m," ea", 
1\ _ .hr<c ,im« toOrrn.1 nulTie", fI"" . 

Trinidad the i.obl ion ot ma"gro"c ror~'" fwm free 
~alc" eil'(")"(;"11 ,,,.uhed in the dead, of 'he"" fOI" ." " 
~Iallgm"<' .,r~", cu t ol! from rrc, h ",ale, inl1o~' lou, not 
lid,,1 ",0"."'.'" rOllllln,.,\ to Ilo",;,h 

Fig" re 19 ,h",,", lOll, ,,It •• of Ie, 1'.01 rial """icnt 11,,~ 
holdinK ,,,,,,ic'''' nux r,o'" ".;lIfall and (idal exchange 
m,,-,'an" As Ihe "n',;e'" jnl'''' from land ",,,,Ccl­
""'n;rip"ii,ic', ind",,,'). ,,,,,I "~Ii,"h"'e _ i, inCTca,cd 
Ie"" 111"",'~h c,"" IV), n,,"'~rO\c, a .. ., .hn",,, 10 h .. ,'e 
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higher bioma .. le, '~I,. [ven Ihough Iher. i. an incre.sed 
uptake by thc e""rltem, ,he I~.d of nuttien" in 'he eS_ 
tuaty has al'" inctea""d , 

An infrequenl high energy O(r,,", nn Ihe mangro"e 
«osystem is Ihe ho"ican~_ A majot hurtkallc neeors 
along Ihe m.ngro" e coa"l;n~. of .' Iorida about once 
e,'cry 20_25 ycars, Figure 20 .how.,he impOlU of a hur_ 
ricane on the mangrOH fore"- In Ihi. f'g'''''' ollly One 
horrieane ,,'a. ailo,,'.d 10 .... e55 Ihe mangrOH. during 
the ~O )'ea .. the .imulation ",as tun , C.", I ,,'a. for. 
hurr;':.n. of moderate "r"ngth. with "';nd 'p"ed. of 
abou, 40 mete" per """ond (00 mile. per h"ur); whil~ 
Ca>.c 11 was for a major hun;':ane, wi,h wind opeed. up 
to 90 me,e" f'<'t """ond (200 mile. per hour). The mod­
erale horricanc reduced maogro"c biom ... to 9000 
gram. c.rbon per m'. and the r«o,'ery ,ime 10 auain 
m.ximum biom ... IC"cl, wa. ahou, 16 )'e. ". The major 
hu rricaoc reduced m.ngl'O"e hioma .. 10 ~ooo gram. 
(arbon pn m'. and Ihe reco'~ry 'ime to attain 
",;oxilllum biom;o" le,'d. "'~. 20 year., The ,.,'.,1 .rtct 

FIg. 20. I", !,-.." "f hurrica ne. on "" "gro'e boom .... C . .. 
l _ m",I., . 1e h", rk .. ,~_ C ... II _ n .. jo" hu,., ic • • ", 

~~ " ". n , / 
1 

I / , , 
;i' 
I • 
" I • • -
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,h~ rn~j ... r "(lnOu"., ... as oliglnl) glNlc< ,h,n .hce 
m~~;",,,,,, Ie,d "-'thout ~") h"ttk:l"~ o" .. rring . Ac_ 
curd;", '" ,I", "",,[d. m'nglO"~' m~)' au~in rh~ic 
K"'~I~" bio'''~>1 .d,,,,, • 25.)-e~t ct'tk "f hurrk."cs i. 
f,~l(1,..~d. 

Adaptallon 10 Disordering Stresses 

,\ hy .'1>«' ()f an ; I1lnf,KC <'<'''l'tem ;. 'he ."b'li",. 
'io" " r b" II,". fl"ra', ~nd genu.t ",ucl"r~ or ""'tJ)'.,cm 
r~lat~,"'hil" "" I hOI ~" ... g\ n",,-o lh .. , .,-",,1.1 h~"~ been ~ 
"",.. Io«"'''~ ""' ... of "r~ .. eIKTK'- ""I~ad. Mui,,~ 
..., .... , .. ~I1lJ or ... Ir~.d) .. '~II ;.dal"ro 1.,.- >lr~'''''. '\leh~. 
c~(nl"e ",..1 ... 1""." and nchanltc. II,. Oh,(I;II8 lu 
pl.",k'QII ""<)A)'''~''''. IlKy "'" lh~ c"~ 'II " nf ",rn"l1 to 
~c"I' .m~11. [ .. " h."ma,. I"'I',dd';"'" .fahle (h)- k«l,inli 
~ru'" he"",,,,, d,sl'cnc.-d) .lIu. """n8 'h<' ~''''' 8f of dc · 

'·~IOI.'ng roOIl. 1 ... n1o. ~nd m •• ,i,·c bioma .. ,h~, i. 
found on land. In lwu uf,t.., ,i",,,lat ium door a. en-".I 
R", .. t b) Smi,h (1976) and Mc Kcliu (1975). th~ addi,ion 
o f Au,hiog and mi"n8 ".bili,cd lh~ .. "alna.<,d m<><ld. 
lh31 " 'ere "n"able I ... fore. The,"" ",<><lei. "r~ r"nhet 
c' idcnu of. h .. TOle "I 1~>lcllli~lIr di.onlning cnNgie. 
in" p ... i.i,-.. cnerg" .• m'i,,~ "01,·, 

A"other na",plc of " di..,tfle"i,,~ ." .... en""g" i. 
lha, of ,,'ide.prud h.,hkid~ '1'''"),ill8 in \"e' nam, 
" 'hieh ,'e<1I1.ed;n de_."ut""" "r •• i~ "ilie.n. 1"''' of .h .. 
",an~tI)\'c I",.., .. ,. ,how" h)' .he I1,ap ito ~'ig",e 21 Fig. 
ute Z2 i. a ",odd of ,I", ""ngrQ"" HOl)' .. el11 in Sou,h 
\· ,,,,nam ... -hieh ",d,":le' 'he influent .. of h .. d>icid .... 
",,,,,I ."" ,inll .• nd .h ... ,,,,:1 '10\11( .... ~ 'gu,.., 23 .h",,-. the 
«·t:men or .he d""".,ed m.ngn,,<, ror ...... , th~ 

n~l ural ..... , ... "d ., ,,, " ""eS of I'b"ling Il,' man. S.,u .... 1 

Fig. 21, lld, j, .. ~,l mne;n ma,,· 
~I'" < '~''''I' ~,," h "f S''' W.n '" 
\ '(co II."" 



Pho!o\ynlheSIS , 

reco'en lila)' be.> Hn .Iow l'roc~u , I"" "'ilil ""II,e help 
from "'.11, r .... co'·~,) ,ill1< oould be d~n""..,d con.id,·,· 
obI)'. 

Ecological Engineering 

Dome" ",,,,io ll 01 i ,,,crt,,,, ........ ,' .,,' ."~m' i, d,,,, .... to)' ,,,I· 
ju" ing <""di,i"n. bc'w~e" n''', "tI" n"lu'e , Guiding 
..,If.M''~n of im"'" f"c~ ecn')'IC"" i, on~ of lhe "),,Is of 
""ologic~l .!\ginccri"~ ill "hid, o"e ,,'~. mote c,,~'gie. 
of na"'r~ "tid Ie .. energies of ,,,,,Imolog)'. Til .... ,el""­
'oi' .... of Know" i",erlace c'C"'p'~m, is gro"'ing. ""t! i, i, 
no'" fn,;hlo '0 a •• ofprnpo ... ·<\ 1'''1e''I>; · lI a"~ l'oH ~,. 
,anged wn,ji,io" •• o lh" ,,',,"e' "nd impac" are kcp' in 
ste.oJ)' Ao,,' to 'he ec""p''''''''' 10 " 'hi,h 'he)' He 
.".pted'· 

Coastal Zone Models 
Anolher ,,~,I i" ("0<,,,1 plannin~ i. cnn)::,' ",,"')'.i. on 

",eg,o".1 "''' ' c_ In" do,e" I''-''ce," P""j"'" (,fah le 2) reo 
",",(he" I,a\'e to ,"'nl(,~d Ic)::;on"I"",Jd, "I 'he CO", · 
(.1 70lle ;"'oll "'g t he N:O Il O",i, 'l,"cm ''''.! ,'"nO" , 
natm'al <0"'1'0"~ 1I " of 'hc c"\'i",,,,,,",,, : e"".,m',. 
,,,'am 1", and "plan,i.. I h,' <Till",01 le""" <' of "" ,, ' rl\, ~1 · 
ct, li"ed III Tal"" ~ i, , I,c W;' \ ,,,,,,; de d ri ',,,~ 1"11"(;"'" 
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" Les t to , .. 

Flg,22_ M"dd "f " .. " ~""e ,.eo" ~,) in \,,,,"',,,, from 
:-I . LLOII,I \<'~""r ot Sr'",, '>(c II.q""'. S<lt (III I""l'" " ;onl, 

"r~ pre"''''ed '" lh,,' 'he) .ho '" 'he ; I1lpa~! of ch.rtgill~ 
c"cl' ~y ,,, ,, ,litio,,' ;11 'he "-,,rld "" price< "", I local 
c"c,'~ " """ iI,!hil; ,ic' .11111 LLI,,,,,atd)' nIl 01 ... " " '" '""",,, 
""'0. ~'ig ut'e 24 ,how< ,he .ill1pl; lied ,' ,,,,nce of d,-i, ill): 
f" "c(ion. "pplied (0 ",,,,101. "f 0,"",,1 Fl", id • . W" hotll 
except;o", the incre.,ing cos, of gen"'g ""e'g' lead,to 

" " ~ 
2, 10.000 · , 

, ~ Plonli "Q , s...cee,,!u! P""""'II Rot. 01 " S .. d'.ng . ., Ac,. e" Yo., , Succ .. s! ... " '0"""9 ROOO " " s...dl '''q' 
., A,,. PO' Yeo, 

• 
10 , '0 ' , 

0 , 
i K , ,= 
< • • • iv'i 5 " 0' j 

; 
" 
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Tobl, 2 Roc.", '09ion.1 stud ; .. uoing tr'I.,~ ,".Iv.i. or><! modol •. 1973- 1975 

Nopk., fla , 

Sped.1 Qua'",,,. 

Swamp d,,;n.~. '" uk .. <0""'''' 
'ion .on. w;,hi" ,h. <;'Y' 

"'u,h"" of Il.<po.t 

Colli .. Coun.l' Odum," .1.11'12) 

Upper So John. Ri.· ... Fla. SY",m 01 '<1'"-''''' . nd d,.;n'l< t" 
",<n';on of p'" of m.,..h system 

u.s. Eft.i",n"I< .. ,.1 
PIUI«lion AI<n<)' 

8'yl<y .nd Odum 
(l9n) 

L« Coun'y,n. "" .. I rrowth p.",,,, •• nd ,nul)' 

1.<, Coun'y. Flo. 

SQuth V;<1n.m I!«bkid" .nd (hoi, r"crJY imp •• t 

s.., G,ot" 

Co.".1 Coo.di"",in, 
Cnuneil 

S .. rII19n) 

WW<lqui .. , .. >I. 
(19B) 

O""m,<, ,1.(1974) 

Dominican Rrpubli< R.bo" 0 1 ' '''''''Y .• "i<.hur<. on..! 
",'mh,J UK 1".1''''' '' 

(;<n,,, fOf l",'in Am«;".n 
Sludi ••. Till>b<, found.lion 

u,County, fl. , 

App.l>.hH:ul. B.y . nd 
F •• nklin Co .• 11o. 

flrndry Coon,)·. Fl._ 

Gt«n S",,,,V 

t:n".y moo.h on d 1''0«'' •• in 
J,,, .. ,h 

"""">!i,, n<>orl <on,r,,1 mr •• u,,,. 
I ..... , ,h."nn, ... ,;O" 

~I .. in. H,h,,' .. ,n )"'mun,· wilh 
<_".1 bu"'i., d ••• lop""M 

E .. I",,;oo 01 rm;mnm<n .. 1 
i",<,><';on. with po",'« pi, .. " 

Fn«u l",i, r", <~")-;'" up. dl)' 
,00 "Io~rc. ~I< d<d.iu". 

En .. ..,. «lo IKonl"',,, "I I .. k< 
Ok<<<h"b<o .,,<1 Ih< qu •• u"", 
of '"''''ph'e''i"n 

C",,,p,,,bilit,' 01 ,.>1" <on ... v,_ 
.ion " ... n" d,,'olopm,," 

a cr."i"g or ~.,,"'h and d"d,,,,, of ,ho ... · .. ea. li~e 
Mia mI ,h., alc~ad)' hale high <I"",i,ie. (Zu«h"uo. 
1975). 

An H"" pI<- or, h.", ~\·"I";,, e, 1 at,,1 .illl"la",,1 m(~ ld. 

i , gi\"n ,,,lt~"re 2;, I", Ap"I ... III«II. II,,,' (11")-"10,, e' 
.:.1" 1\I,S), On. uf 'h" .i"HI'ao'''I)';' ~iHn ill Figu,. 26 
0, her ,im,,(;',ion' ,IIO".-"d 'en, i,i, i" uf ,he 11\ .',<" ill" ",. 
") In a", in,p""I"io,,' .". h ". d",,,,~ "I 'he hOI d,,< ,,, 
high <"lilum, I.,,,,,, 

Wo.ld T.ends 

,\h "",,~h """1\ area. "rc .,,11 pl."""Il~ 10. ~""w'h 
and '''' r",'",'~ ,I.·",;"", i" 'he " .. ", ... "nil', ,,'" \ ,IFI"'" 

8~,".u of Spom 
H.h<ri .. 

So. Gr>"1 

fl<p" of Inl<.io, 

t I., Ili, ;,;YII ul 5.,,,. 
PI. ",,,n" 

Fl •. Di"i,ion of 51 ... 
P",,"i .. S 

Ycun •• nd Od .. ", 
0974 ) 

Ik>yn,yn 1191~) , 

fI."k,n, '197)). 

OdUln, <t.1. (19Hj 

1)0001<lI .. u< 11915) 

Od~m .lId 8",,,·. 
( l 91~) 

o"Kld •• ugge<1 'h,,, .... ~ "'0 ... · ,,~~,j '0 p",n ror I" .. b"or· 
ah l~ im""",,,"' ,a,jo'. Oedille ill lie' c oergi". al'ailabl" 
ft."" """ide wtll 1.,,,1 '" rur.her i"ll;"i"o. Man y 
<~ """III;" <C"PI' , """ ... ,..-"""",i,,, "I ",-air. <hould on" 
l'cle",., 'hem",h c' , We """,' nl'''''' .i<-Hca""g Icd",uI· 
o~), dcn<a''''g ",o,,,rllcd nl'loII,nj"" 01 'h" 'c~ , <I~. 

<re,,,i,,~ III~lll') p,,<b~;I1~ an" h"n,III,,~ "r r",,,, p"K!­
U<". dcne;""'g (ell"'""""j",,, ,,,,<I dn,""« "r "n,,,,,,l 
"·."'eo, 

J ,,"~i,,~ h, "n"",,1 1,,1"'1)' "."i., i~,. 'he ",,"M h'hee) 
" ,"",." I .. " ,II"',,,,, (."" ,.<1 d",' ,,'" (,( ,,,,hi ,,.,,,,,,, "I 
, " .... 1,," "'~ . h"I""" <I"" "II' ,j. ,", ,,,,tI ,Iedll""~ ,,",..~jc ' 
I", 1""It .... ft'I",, ~ II", ." ""') 11II.,Ii, he "'"1~ ,jp"''',I,,-



Fig. 24. M.in fe .. ur~. or 
w,,,ol pl. lIning m"flel. ; n 
T.ble 2 

flg.~. r ne,,,, ",,,.dd uI 
I·,."U ... I .. u ...... O<! """. 
1 .. 1t""I, 1I.t, t·~ .. ;.I, .... 
<1<1 .. 1, .. 1 I. J. " .. I'..! "",,, . 
10" " .• <ie. ,,, 01 .. · '" ;R;n, ,1 
, .• h~. · 'I~ ' ,.""n .• ' ,I .. 
l!17~' 

'",It 

... """"" 

•• 
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f 1i. 26. Sin",I",..,,,.,r I, ;"",,· 01 ,~~ "'" "". ",;"S 'ho mood in 
t" g. 25 (lIopuon . <, . 1., 1 9i~ l, 

'" 1"""" I'~ u" 'he fi,hc';" •. T ht,t ",ill '''~ h" cnngi". to 

'''PP'''' rhe huge I""d "f ol' .. r~'io", .lnd "ruel II"" ,hal 
" .. n.ge 'ht 11,1. 1 ,,-atu •. We ,,,a) 'rt'" "",,<1 biKk to II ,,, 
"f mtu,.1 ma"agement. ,,,Lol"mg ,,"'" to tI,e ,hilt;"S 
.1oo' .... nd OOllO"" m'hn th., .. "'lI1g Illa"i,,, cnginccr­
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