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ABSTRACT 

/ 

ThiS is the first draft of a manual for evaluation of wetlands in Florida for purposes of 
judging their conuibution to public welfare, for mitigation. and for planning. It is not for 
estimating market values nor rights due businesses and individuals. The manual provides 
procedures and spread sheets for evaluating the accumula\(~d and annual works of nature In 
generating wetland values. Values of the 5eVcrai kinds of work are exprened in units of 
EMERGY. defmed as the energy of one kind utilized. In this manual solar EMERGY is used 
with values expressed as solar emjoules. The wetland contribution to public welfare is also 
given in E~IERGY-estimaled dollars of gross economic prodUCI due to the work of the 
wetland (macroeconomic $). The dollars of the gross state pnxiuct is estimated as that 
proportion that tbe wetland EMERGY is o f the total state E!vIERGY. 

Three levels of precision are provided for evaluating the wetland worK. QuiCK 
calculatiom using level (1) and level (2) can provide preliminary evaluations and 
detenn1ne if the more detalled effort of level (3) evaluation Is desirable. The 3 stages In 
environmental evaluatloll are; 

(1) Value based on area and time of accumulated INOrK a!i.!iuming an average EMERGY 
for any land. Tbb coarse measure can be applied to any land area on earth; 

(2) Value based on typical EMERGY budgets for the wetland type. area. and time of 
accumulated worK. This value is based 0 0 preliminary estimates of EMERGY for wetland 
types in Florida. using a classification of wetlands based on tbe energy signature of the 
wetland. The manual can be extended to other states and nations hy adding an EMERGY table 
for the types of wetlands found there. 

(3) Value based on scientific data for a particular site. area. and time of accumulated 
worK. This value is calculated for a particular site where there are estimateS or data for the 
set of energy inputs for the site. 

The procedure allows the contributions to the wetland that come from the economy 
with human worK and economic investments to be measured on the same basis as the 
contributions from environmenral systems \W)rK. In addition. the part that a particular 
wetland site plays In the larger regional system Is also evaluated 10 EMERGY units. For 
example. a particular v.-etland may have special value because of its position in the 
hydrologic cycle. in wildlife corridors. or in its spatial position In human developments. 

A sample calculation is provided for a cypre!i.!i pond in north Rorida. Calculations are 
aided by five spreadsheet templates for Macintosh EXCEL 

-[ncluded v.ith Plenary Presentation at the IV International Wetlands Conference, 
ColumbusOhio.SepL 18, 1992. 
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I nt r o d uction 

The processes in a v."elland include the work of nature based on sun, .... 'ind. rain. 
rivers. tides. genetic Information in species. etc. plus the work mat may be done by 
humans Involving fuels. goods. and human services purchased from the economic system 
or supplied by human initiatives without payment. Figure I shows some of the inputs to the 
~tland work. 
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Figure L Energy systems diagram of a wetland sno ... ; ng many of the external energy 
inflows of various kind which need w be evaluated. 
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E!>1ERGY is defmed as lhe energy of one kind directly and indirectly required in 
transformations to generate a product or service. E,,1ERGY is the available energy 
previously uiK'd up, all expressed as energy of one Undo If all flows are expressed In solar 
EMERGY, the units are solar emioulcs. The many kinds of work within a ..... etland are 
eva luated in Ihls manual as solar emjoules. The 50lar EMERGY required for wetland 
processes for a year can be multiplied by the number of years of grov.1.h 10 determine the 
solar E.\IERGY of stored products such as biomass. wood, diversity. and .... -etland 
geomorphology. Both WQrk by natural process and those by humans and economic process 
are expressed on a common basis using solar EMERGY. 

From previOUS evaluation of the annual solar EMERGY basis for all of Florida. we can 
indicate the average solar EMERGY required 10 generate the wealth represented by a doUar 
o f buying power. The annual solar EMERGY of Florida was d ivided by the gross economic 
product to obtaln lhe EMERGY 1$ mtio (2 El2 solar emJoules per 1991 dollar ). EMERGY values 
of wellands can be expressed in dollar equivalents using the EMERGY/ $ mtio. The share of 
the Florida's economy which is attributed to a wetland using EMERGY evaluation is called in 
macroeconomic value, not to be confused wi th or substituted for market value. 

By evaluating the E,.\1ERGY inputs of various kinds to a wetland. a bar graph can be 
prepared shov.'ing which inputs are largest. By classifying systems according to the 
largest E:'>tERGY inputs. classification reflects what is lmponant. In self organl~atlon Those 
inputs that are largest are expected to develo p more struCture. adapted species. etc. We used 
this principle to classify FlOrida Wetlands earlier (\'/hanon et al,,1976). In this draft the 
level 2 evaluation Includes only the higheSt EMERGY Inputs of the EMERGY signature of 
each wetland type. Level 3 evaluatiOn evalua tes all the inputs believed to be appreciable. 

To evaluate a wetland site. follow the procedures lhat follow. Tables 1-4 are print-Quts 
of spread·sheets wrinen for the Macintosh program EXCEL By entering a few numbers In 
the spaces proVided In these tables. the calculations of solar EMERGY and macroeconomic 
dollars are made automatically. 

For evaluating wetland work. Level I evaluation takes a minute; Level 2 evaluation 
takes 10 minutes; and Level 3 evaluation will take whatever time is required to assemble 
data for the site. Evaluating the sHe's participation In the regional system may require 
more I<nowledge and time (Table 4 ). 



CALCUlATION PROCEDURES 

I. EVALUATION OF WETlAND WORK 

AREA-TIME VALUE: First. using suggestions of Pimentel and Glampelro (1990) 
cletennine the product of area in hectares and time in years. The result wQuld be a me<l5ure 
of work if every area of the earth accomplished the same amount of work per unit area per 
time. Determine the area-time value In hectare-years by fIIUng In Items 1-S 
in Table 1. 

LEVEL I EVALUATION OF WFI'lAND WORK: Next. make an approximation of solar 
EMERGY stored In the wetland by multiplying the area-time value by an average value of 
solar EMERGY use per hectare per year for land. calculated from global EMERGY and World 
land area. Thh simple measure assumes all areas of the world do similar work per unit dme. 
Make the level 1 evaluation by filling in items in the top box in Table 1. 
MacroeconOmic $ value Is included as item 10. 

UNEL 2 l:VALUATION OF WETIAND WORK: Next. make a more accurale evaluation of 
the solar EMERGY stored in the wetland by determining what type of wetland it is. Then 
multiply the area~tlme values by the typical annual .'iOlar EMERGY produclion and use for 
that type of wctland. SeJect a wetland rype from the list In Table 2. Copy the total 
annual solar EMERGY use from the last column (seJ/ba/yr) to line 12 In the 
S[oCOND BOX In Table I. Tbe solar EM.ERGY thai resu.lts is in line 13 and 11$ 
macroeconomic value in line 16. 

In tbis first draft the calculations of annual solar EMERGY for wetland types in 
Florida is incomplete and tentative, pending introduction of more data and perhaps some 
additional research on energy uses in wetlands. Even with these reservations. this second 
level evaluation may be good enough for many purposes. 

!.Eva 3 IiVALUATION OF Wl:TlAND WORK If large area and important controversies 
are involved that justify the most careful site evaluations that are possible. then Table 3 
provides an Initial outline. Using scientlflc and economic data. evaluate tbe 
footnotes In Table 3, so that the spread sbeet generates the annual solar 
EMERGY production-use in solar emjoules per bectare per year (sejlba/yr). 
Copy the total from line 18, Table 3 to line 17 in the TlIIRD BOX of Table 1. 
The solar EMERGY that results Is In line 18 and Its macroeconomic value in 
line 21. 
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II . EVA.LUA.TlON OF RB>IONAL ROLE: 

Whereas the calculatIOns In levels 1-3 evalua te Ihe "",.,..1; done on Slle uSing Ih ... 
main energy so",rces from nature and humanity. Judgment! aboul a particular wetland SIll' 
may depend on the role It plays In the larger system. Table .oj provides a calc\llallOn table for 
o:slLmalLng E~IERGY and macroeconomic dollar values of "",urI:. in the r egIOnal system for 
which the weIland Sill' may be cnenIJaJ because of 115 C(lnlrlbullOns 10 the oUi5,de. posItion 
In water cycles. w ildhfe corndors. eny prollmllY s. etc. Table ~ evaluates the EMERGY 
produc\!on and u.e outs ide of the Slie m question that mIght be at rl.k If II. role In Ihe 
lalll.er synem were chanlled. MItIgation has to be based not only on Ihe EMERGY wealth 
generated by the work of the weiland '!le. but the change 10 EMERGY produclJon and use ,n 
the surround1Og "y!lem cau$<!d by Ihe change. ~ 

/ 
For ev.lu.tioa of resionaJ role, draw •• y.te •• di •• r •• of the Tewio...t 

"".sle. Ibowia. tbe role tbe lite in queslion pl.y. i. tbe lurro.uadia .. 
'Pit;ure 2 ) . Usia. the spread,beet for Table 4. eval.ate tIM: .Ilia proceslel 
.rrened by tbe wetland lile. If tbe di ....... iDa iodi~tC'S processel aOl 
alre.cay covered i n Table 4 , add appropr-iate liDe ite... U.e 1be sol ... EIIERGT 
'Values and tbeir ..... _cuno.ie S eq.i'Vale1lts to collSider .. y eb .... el 
pro~d in tbe 1,1", of tbe wetl ... d . Specific propoals for dI .... ed u.e of a 
well_d Ibould be a __ pau.icd by cval.ali_ 01 Table 4 before _d alter tbe 
proposed c b ... e. 

EIAltPLE: FLOI:IDA CTPIt£SS POND 

Tables 1.2.3 . and'" include an example. 1I cypren pond in norlh Flonda .... here tree 
gro .... th. have accumulllt'd 100 yt'ars . Tht' procedurt' lIt'nt'r'led Ihe follow1Oll results (Table 
:"il. Dala on Ihe cypress pond weIland type are lIiven by Ewel and Odum (196:"i ). 

Ta bl. 5 So1ar ~ E.aluati on o f a Cypre . . Pond 
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In the e:wmple. the higher value in Level 3 analysis was due to the tax included as 
measure o f one of fhe human connuts. Large items of wetland comributlon to the 
surrounding systems included the B1ERGY of fhe .... ater recharged 10 the ground and the 
contained organic maner processing fhat was a measure of the filtering and metabolic 
action in the process 
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Figure 2. Some of the ways wetlands patticipate in larger system 

This preliminary draft is assembled fa elicit interest and test feasibiHty of this 
approach. With fu nding and participation of those with local knowledge. this manual coutd 
be completed for FlOrida and similar manuals adapted for other states and nations. 

For more background on EMERGY, copies of the report by Odum and Arding (1991) 
are avalla ble which includes a glossary and an appendix introducing concepts. That report 
Includes EMERGY analysis on several scales: International.national. regional. L'Cosystem. 
and mJrcoeconomic systems .... 1th EMERGY·based policy recommenda tions. 
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