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ABSTRACT

This is the first draft of a manual for evaluation of wetlands in Florida for purposes of
judging their contribution 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 accumulated and annual works of nature in
cenerating wetland values. Values of the several kinds of work are expressed in units of
EMERGY, defined 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
siven in EMERGY-estimated dollars of gross economic product due to the work of the
wetland (macroeconomic $). The dollars of the gross state product is estimated as that
proportion that the wetland EMERGY is of the total state EMERGY.

Three levels of precision are provided for evaluating the wetland work. Quick
calculations using level (1) and level (2} can provide preliminary evaluations and
determine if the more detailed effort of level (3) evaluation is desirable. The 3 stages in
environmental evaluation are:

(1) Value based on area and time of accumulated work assuming an average EMERGY
for any land. This 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 on preliminary estimates of EMERGY for wetand
types in Florida, using a classification of wetlands based on the energy signature of the
wetland. The manual can be extended to other states and nations by 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 environmental systems work. In addition, the part that a particular
wetland site plays in the larger regional system is also evaluated in EMERGY units. For
example, a particular wetland 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 cypress pond in north Florida. Calculations are
aided by five spreadsheet templates for Macintosh EXCEL.

*Included with Plenary Presentation at the IV International Wetlands Conference,
Columbus Ohio, Sept. 18, 1992,
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Introduction

The processes in a wetland include the work of nature based on sun, wind, rain
rivers, tides, genetic information in species, etc. plus the work that may be done by
humans involving fuels, goods, and human services purchased from the economic system

or supplied by human initiatives without payment. Figure 1 shows some of the inputs to the
wetland work.
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Figure 1. Energy systems diagram of a wetland showing many of the external energy
inflows of various kind which need to be evaluated.
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EMERGY is defined as the energy of one kind directly and indirectly required in
transformations to generate a product or service. EMERGY is the available energy
previously used up, all expressed as energy of one kind. If all flows are expressed in solar
EMERGY, the units are solar emjoules. The many kinds of work within a wetland are
evaluated in this manual as solar emjoules. The solar EMERGY required for wetland
processes for a vear can be multiplied by the number of years of growth to determine the
solar EMERGY of stored products such as biomass, wood, diversity, and wetland
geomorphology. Both work 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
indicare the average solar EMERGY required to generate the wealth represented by a dollar
of buying power. The annual solar EMERGY of Florida was divided by the gross economic
product to obtain the EMERGY/S ratio (2 E12 solar emjoules per 1991 dollar). EMERGY values
of wetlands can be expressed in dollar equivalents using the EMERGY/S ratio. The share of
the Florida's economy which is attributed to a wetland using EMERGY evaluation is called its
macroeconomic value, not to be confused with or substituted for market value.

By evaluating the EMERGY inputs of various kinds to a wetland, a bar graph can be
prepared showing which inputs are largest. By classifying systems according to the
largest EMERGY inputs, classification reflects what is important, In self organization those
inputs that are largest are expected to develop more siructure, adapted species, etc. We used
this principle to classify Florida Wetlands earlier (Wharton 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 evaluates all the inputs believed to be appreciable.

To evaluate a wetland site, follow the procedures that follow. Tables 1-4 are print-outs
of spread-sheets written 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 1 evaluation takes a minute; Level 2 evaluation
takes 10 minutes; and Level 3 evaluation will take whatever time is required to assemble
darta for the site. Evaluating the site's participation in the regional system may require
more knowledge and time (Table 4).



CALCULATION PROCEDURES
I. EVALUATION OF WETLAND WORK

AREA-TIME VALUE: First, using suggestions of Pimentel and Giampetro (1990)
determine the product of area in hectares and time in years. The result would be a measure
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 filling in items 1-5
in Table 1.

LEVEL 1 EVALUATION OF WETLAND 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. This simple measure assumes all areas of the world do similar work per unit time.
Make the level 1 evaluation by filling in items in the top box in Table 1.
Macroeconomic $ value is included as item 10.

LEVEL 2 EVALUATION OF WETLAND WORK: Next, make a more accurate evaluation of
the solar EMERGY stored in the wetland by determining what type of wetland it is. Then
multiply the area-time values by the typical annual solar EMERGY production and use for
that type of wetland. Select a wetland type from the list in Table 2. Copy the total
annual solar EMERGY use from the last column (sej/ha/yr) to line 12 in the
SECOND BOX in Table 1. The solar EMERGY that results is in line 13 and its
macroeconomic value in line 16.

In this 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.

LEVEL 3 EVALUATION OF WETLAND 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 scientific and economic data, evaluate the
footnotes in Table 3, so that the spread sheet generates the annual solar
EMERGY production-use in solar emjoules per hectare per year (sej/ha/yr).
Copy the total from line 18, Table 3 to line 17 in the THIRD BOX of Table 1.
The solar EMERGY that results is in line 18 and its macroeconomic value in
line 21.



~ Table 1. EMERGY Evahation of Wetlands e
B “Note: ltemstoenter  Ste#) | Ste#2  Ste#3  Ste#4 |
T T 1 Nameofste  OdwmGypes .
B 0 e (e | WSO S R et M =
| 3 |(Yearofevalation 1992] SR | SHS=—s
- | 4 Neasofworic _ B (N Sy
- 5 Hectare-years of work 400 1] ol
Level (1) [ 6  Unit Emergy: sej/ha/yr,  6.30E+14  6.30E+14  6.30E+14  6.30E E3ﬁ£+1
Evaluation: | 7  StoredEmergy: sej | 252E+171 0 o 0
(Average land)] 8  Emergy/$  sei/$ 1.46E+412|  1.46E+12  1.46E+12] 1.§EE+12
______ | 9 Year of Macroec. § next| DT | O | (R
10 Macroeconomic $ 172602741 O | I |
Level (2) [T 1T Nameof Wetland tupe: (Cypresspond |
Evaluation: 12 Unit Emergy: sej/ha/yr | 900E+Y4! =~~~ = =~ = 0. 0200000
(Wetland type)} 13  Stored Emergy: sej B0 L0 | e ) L
14  Emergy/$ in sei/$: = 1.46E+12  1.46E+12  1.46E+12]  1.46E+12
| 15 [YearofMacroec.$next, 190/
R 16 'Macroeconomic $ 246575.342 0 0
Level (3) | 17  Unit Emergy: sei/ha/yr 104415
Evaluatio: | 18 StoredEmergy: sej | 4.144E+177 0 0 O
{Eitg_a_nglﬁis_}_r_'lﬁ __Emergy/$ in sej/$: ~ 1.46E+12/ __1,5@‘211_.2____1_-155&@&&
| _20 Year of Macroec. § next 1990 R e i
21  Macroeconomic$ | 283835616 0! 0!
i |
S - S R N S ISESE
| 1 Entername of site. _ o ]
"2 Enter number of hectares in site (1 hectare = 2.5acres),
| 3  Enter year of the evaluation {usually current year). |

_ 4 Enter number of years environment has required to develop the cumrent structures. |

5 Spread sheet multiplies area times years of work.
|6 9.44 E24 sej/yr earth renewable energy divided by 1.5 E10 hectares of land on earth
e __i'_S_prnd sheet multiplies hectare years by average world emergy/yr/hectare of land. |

1= - 8 Anm.ﬂl'EHEﬂl?l'usafﬂrthestitedmﬂedhythemstat&pmﬁtfu’ﬂutyear ]
_ Florida Example, 1990:(3.51 E 23 solar emjoules/yr divided by 240 E9 $ /yr

— I 9_ Enter year for which EMERGY/S ratio was calculated. |

Spread sheet divides stored EMERGY by the Ernﬂrqyrft
‘I‘I__ Select wetland type; fothndasuTablieZ
‘IZ Em.ert)p::almmalsdarEHERGYusefu this type from Table 2.

Spread sheet multiplies hectare-years tythemudsuhrEMERG‘rl.ﬁe

— ]

MR W 14__ [Enter EMERGY/S ratio such as that calculated in footnote 8 | il
e e Enter_jreir_fur__qulEMEﬂ?rﬂ ratio _wEEaEhted. | I i [

16 Spread sheet divides stored EMERGY by the Emergy/$




— _Table 2. Florida Wetlands and Annual Emeray Uses B SRR | —
_L‘Etiand Type  NoteMName uf_lﬂﬂr::rw_ _LFEI[S:]_:l_I;IF used thr Ernergwl_lnrt _thrE_mrgy U's_e __:_
Units/ha/yr sej/unit sel/Ha/yr -
Cypress, gum pond | 1a Water transpired i f= =
_ (Gibbs Energy)  Joules: 5.00E+10 1.80E+04| 9E+14
Bays, bogs 1b (Water transpired S B | [
{Gibbs Energy) Joules | 1.70E+10 1.80E+04 | 3.06E+14 _ ]
Dwarf cypress | 1c |Water transpired ) S e - __
(Gibbs _Energy) Joules | 1.70E+10! 1.80E+04/ 3.06E+14
[Cypress strand 1d |Water transpired == =
= __(Gibbs Energy) _Joules | 7.50E+10' 1.80E+04] 135Es15]
— L 2a ] ‘Water motion energy Joules  1.96E+07 2. TBE+L'_I_4' - _5__4_EB4E+_I 1
Tutal 5nlar Emergy )= g s __ 1.33055E+15) -
ke Margin Swamp | Te |Water transpired R - N _
o (Gibbs _Energy) ..Iouim _1.00E+11!  1.80E+04 1.8E+15
da |W=we motion energy |Jo .Inu]as 'I 9BE+07 3 {]4-E+CI4| ~ 5.85B4E+11]
'Total solar Emergy: 1.8006E+15) -
Seepage Swamp  1f Watertranspred | | I (E————
(Gibbs Energy) Joules |  7.65E+11! 1.80E+04| 1.377E+16
Floodplain 1g |Water transpired N D ——
{Gibbs Energy) Jm.ﬂes | 9.50E+10/ 1.BOE+D4 __L71E+15
R 2b [Water motion energy |Joules | 1.96E+07 | 2.79E+04]  546B4E+11)
| Total solar Emergy: 1.71055E+15)] T
e I | A S N _i_____..___
Eutrophic Marsh 1h |Water transpired | = e
— r {Ebl:ﬁ Energy) Joules | 1 LO0E+11] 1.80E+04| 1.BE+15]
S - 2c |Water motion Energu.luul‘ﬂs [ 1. EEE+'|:I?' ~ 2.79E+04| 5.4684E+11
_____ 5a|Phosphorus import  grams | 'I EEIEa—CIE. ;BEIE-:-{!?J_ 6.422E+15
Total solar Emergy: | B.22255E+15 .
iver Marsh 1 |Water transpired 9.00E+10’ N i ]
5 (Gibbs Energy)  Joules  5.00E+10) 1.B0E+04 | 9E«14]
N 2d |Water motion energy | Joules | 1.96E+07i  2.79E+04| ___5_1!-E_B4E+11
Total solar Eme[g_: J [ 9.00547E+14] =
Sawgrass praiie  1j |Water transpired | .- - -
| (Gibbs Energy)  Joules 250E+10|  180E«04|  4S5Ela|
o | 2e |Water maotion energy Joules | 1.96E+07/ 2.78E+04| S.46B4E+11) |
Total solar Emeray: | 4.50547E+14 |

-



Spartina saltmarsh Tk Watertranspired =~~~ =~ ey | e | Fye——
~ T (Gibbs Energy)  Joules | 3.50E+10  1.80E+04 = 63E14f |
"""" N "3a Tidal energy Joules | 3.54E+10  1.64E+04 _ S5.B0S6E+14] |
e e Tﬁtisnhf_ﬁriea_. 1.21056E+15 R
Juncus saltrmarsh 1l Watertranspired | - = [ _j__
_ (Gibbs Energy) Joulggl_gﬁt_l_E:l_D__ 1 30E+D4. 45E+14]
3b Tidalenergy Joules| 3.54Ex10, 1.64E+04) 5B0SEEe14] |
Total solar Emergy: " 1.03056E+15] i
Salina 1m Water transpired ) N |
(Gibbs Energy) Joules | 5.00E+03 1.80E+04 9E+13|
Black Mangroves  Tn |Water transpired T | __j_j_:
__M_E_"E"E?_?___J@E‘-‘ _2.50E+10  1.80E+04] = 4.5E+14|
Dl 3c (Tidal energy Joules 3.54E+100 1,6_454-91!{_‘__ __5_&0:55&-_1:1-_______
Total solar Emergy: 1.03056E+15]
Dwarf Mangroves 1o |Watertranspred | s e
Com s __{Flbi?s Ener_gi}___ Joules | 1.00E+10 B IBDE4-'D4I b, . ‘IBE+14__ o
I 3d_|1_’n.'i_a_l energy __J_ol.ll_es___:s_ﬁ_drf-y‘lﬂ e 1 E4-E+04_' ) 5. BGSEE+I4 A
Total solar Em&rggr | | | 7.6056E+14
Red mangroves  1p |Watertranspred | 300Es100 [ |
| (Gibbs Energy) Joules | 5.00E+10] 1.80E+04| 9E+14 i
__ 3e |Tidal energy |Joules | 3. EiE-_r_l_ﬂu___ 1.64E+04| 5.8056E+14]
Total snhrErﬂf'_ [ 1.4B056E+15 e
elaleuca _ 1g \Water transpired | W ) i i
{Gibbs Energ:,r} Joules 1.00E+11 1.80E+04" 1.BE+15] B
Lake Marsh 1r |Water transpired -
= (Gibbs Energy)  Joules = §DDE+‘EEI o __1._BgE_+Efi___ 9E+14]
| == b Wave motion enerﬂ Joules | 3. T{IE-P'UH' 3.04E+04| 9.424E+13
Tot L . ! ___ e e ERa)
otal solar Emergy: | 0 0424514




Wetland Table 2 types notes

Footnotes to Table 2:

1  Gibbs Free energy in Transpired water =

Flux of energy use:

{ m3/ha/yr water used)(1 E6 g/m3)(5 J/g freshwater relatwe to salt)
la Enter m3/ha/yr: __ 1.00E+04 Flux of Gibbs Free energy = SE+10 J/halyr
1b Enter m3/ha/yr.  3.40E+03  Flux of Gibbs Free energy = 1.7E+10  J/ha/yr
lc Enter m3/ha/yr  3.40E+03  Flux of Gibbs Free energy = 1.7E+10.  J/ha/yr
1d |Enter m3/ha/yr:  1.50E+04  Flux of Gibbs Free energy = 7.5E+10| J/ha/yr
le Enter m3/ha/yr: = 2.00E+04  Flux of Gibbs Free energy = 1E411]  J/halyr
1f Enter m3/ha/yr: 1.50E+04  Flux of Gibbs Free energy = = 7.5E+10|  J/ha/yr
| 1g Enter m3/ha/yr:  1.90E+04  Flux of Gibbs Free energy = 9.56+10!  J/ha/yr
1h Enter m3/ha/yr: 2.00E+04  Flux of Gibbs Free energy = 1E+11  J/halyr
1i Enter m3/ha/yr: 1.80E+04  Flux of Gibbs Free energy = C9E+10|  J/ha/yr
1j Enter m3/ha/yr: 5.00E+03  Flux of Gibbs Free energy = 2.5E+10/  J/ha/yr
1k Enter m3/ha/yr:  7.00E+03  Flux of Gibbs Free energy = 3.5E+10 J/ha/yr |
11 Enter m3/ha/yr: 5.00E+03  Flux of Gibbs Free energy = 2. 5E+1 G. J/halyr
1m _ Enter m3/ha/yr: 1.00E+03  Flux of Gibbs Free energy = SE+09|  J/ha/yr
‘1n |Enter m3/ha/yr: 5.00E+03  Flux of Gibbs Free energy = 2.5E+10|  J/hal/yr
1o Enter m3/ha/yr: 2.00E+03  Flux of Gibbs Free energy = 1E+10|  J/halyr
1p Enter m3/ha/yr:  6.00E+03  Flux of Gibbs Free energy = 3E+10!  J/halyr
1q |Enter m3/ha/yr:  2.00E+04  Flux of Gibbs Free energy = TE+11)  J/halyr
Ir _Enter m3/ha/yr:  1.00E+04 l__F_¥ux of Gibbs Free energy = SE+10)  J/ha/yr
2 Energy of moving w water based on head loss per 10 m:
~(m3/yr)(density, 1E3 kgf m3 )(Height change, m){gravity, 9. BmZISECZ}
2a |Enter m3/ ha/yr: 1.00E+05 |Enter change m: | 0.02| 19600000/  J/ha/yr
2b |Enter m3/ha/yr: 1.00E+05 |Enter change m: | 0.02/19600000  J/ha/yr
2c _ |Enter m3/ha/yr: 1.00E+05 |Enter change m: 0.02| 19600000/  J/ha/yr
2d |Enter m3/ha/yr: 1.00E+05 |[Enter change m: | 0.02| 19600000 J/ha/yr
~2e |Enter m3/ha/yr: 1.00E+05 |Enter change m: | 0.02| 19600000,  J/ha/yr
2f |Enter m3/ha/yr: 1.00E+05 |Enter change m: | 0.02/ 19600000,  J/ha/yr
2g |Enter m3/ha/yr: 1.00E+05 'Enter change m: | 0.02| 19600000, J/ha/yr

3 ITdaI energy absorbed per hectare based on m tidal range * 0.5 as center of gravity

(area,1E4 m2)(0.5 )(range squared)(706 tides/yr)(density, 1.023 E3 ka/m3)(gravity)

3a Enterrangeinm: 1/Tidal energy absorbed = | 3.54E+10,  J/ha/yr
3b | Enter range in m: 1 Tidal energy absorbed = | 3.54E+10|  J/ha/yr
3c_ Enter range in m: 1 Tidal energy absorbed = | 3.54E+10|  J/ha/yr
3d |Enter range in m: | 1 |Tidal energy absorbed = | 3.54E+1 E.‘.i._ J/ha/yr
| 3e Enter range in m: | 3.54E+1 Cl. J/halyr

1|Tidal energy absorbed =

Page 1



Wetland Table 2 types notes

4 Water wave energy absorbed per square hectare based on wave height

(100 m size)(.125)(density, 1.023 E3 kgme}[gmmty}{m squared][velucftﬂisecfyr}
Velncnty = square root of product of gfawty_and depth of wave measurement

“4a_ Enter m of wave: | 0.5 Entermofdepth 1/ 3.1E+09] J/ha/yr

g Nutnent phgp_h_wihﬁd_ag_ﬁ:bbs energy of its co cnncentratmn l:urnprared tﬂ background
~ (m3/ haf:ﬂ']{ ____g/m3 P)(Joules Gibbs energy/g) '
Gibbs energy = (gas cnostant)(Kelvin T. .)((log base e nf - ppm raﬂa}f[atomlc wenght)

Enter input ppm:_ 5 Background ppm: 0.05/

5a input m3/Ha/yr: | 1.00E+05 Gibbs free energy in nutrient P:: | 1159E+{)B' J/halyr

Wetland Value Table 3

Table 3. Evahmation of Annual Emergy Use in Florida Wetlands

Enter Name of Wetland here: il VR i t_: ]
| Odum Cypress dome 1
Note Name of inflow ) (Units | Flux used _Solar Em./unit Solar Emergy |
Units/ha/yr sejfunit | use; sej/ha/yr
Environmental Inputs: (i —
1 Water transpired (Gibbs Free Energy] Jgt_.ﬂasg 5.00E+10,  1.80E+04 9E+14 =
2 Fresh-water motion energy absorbed  Joules  0.00E+00 2796404 0 m
3 Tidalenergyabsorbed  Joules|  0.00E+00)  1.64E+04 __'1': op e |
| |
4 WavemovonenergyJouks|  0.00Es00] 30408 O
|
N — (T S |/ S—
5 Phosphorus influx used !gmml ~ D.OCE+00,  3.B0E+07 0|

| 6 Nitrogen influxused __I_g_m:'ns| 0.00E+00] 2.60E+06] 0
i | !

I P?wsmalemrg,rnfwndabsmbed - Jnule:s: ) _'_ EEE]: - __T}]T -
B Clay sediments received _|m_m _1.00E+04|  2.00E+09| '_zgﬂ'ié —
|9 Organic matter imported __IJE-“‘L! 540406 uuf_n_ﬁ 3996E411] B
10 [influx of Species [ # | S R ___'__Ei__ ]
B — i1 5900000000 =
T Lo M I m— - 71T R—
Human Inputs: _ N N | ) MR |
13 Human Goods and Services used | § | 0 1.60E+12 0| l
14 |Taxes paid per year _____i_:—_sif_iTﬁuE+1zi 1.344E+14 B
[ 15 Fuestsed lJoules| KL BESs L
6 meempd s 1 o ez o
L T e T ——— 7 T 7 2 ——
15 B of Eriirmmenisl and inman s 105488415 <

i S WA SRR R S N




1 G'bhs Free energy in Trarnspired _watur =
:Ii m3/halyr water used)(1 E6 gfmi'r}( 5 J/g freshwater relative to 51“:)

Enter m3/ha/yr: 1.00E+04  Flux of Gibbs Free energy = SE+10  J/halyr

Witer er through-flows that are not used on site are evaluated in Tabiu 4,

___2_ Emrgyofnmmgmtﬂhﬁedmhead h:sspm'mm:
{m3!yr‘.lfderﬁ|ty 1E3 kg/m3)(Height chang.e, m}[grawt:.r 'B‘E ‘m2/sec2)
[Enter m3/ha/yr: ' 1.00E+05 Enterchangef  0.02] 196000001  J/ha/yr_

3 Tidalamrgyabsnrhedperhectarehandmmtidalmnge*ﬂs ascmterofg'a'my
{am 1E4 m2)(0.5 )(range squared)(706 tides/yr)(density, 1.023 E3 ka/m3)(gravity}
~ |Enter range inmc | 1 lTlch.I energy absorbed = ] 3 3.539E+101 thnfyr

I R |

4  Water wave energy absorbed per square hectare hased on wave hmght

(100 m size)(.125)(density, 1.023 E3 ka/m3 )(gravity)(m squared)(velocity)(sec/yr)
valaur;.r square root of pmduct nf gravity and depth of wave measurement

~ Enter m of wave: 0.5 Entermofdep 1 3099379025  J/ha/yr

Mutrient phmphnms evaluated as Gubbs energ_v of its its. cnmentratm cmmTrad._ ba @

5 INutn ener ckgrounc

_(m3/ha/yr)( ___g/m3 P)(Joules Gibbs energy/g) |
Gibbs energy = (gas :nmtant!r(lcdwl T.)((log base e of ppm ratio)/(atomic weight)

Enter input ppmc. | 5 Background ppi 0.05 o
l1|:l.|t m3/Ha/yr: 1 I]GE-:-DS;GHJIJS free energy in | in nutrient F lEBZd{mli Wyr
| ]

| 6 Nutrient nitrogen evaluated as Gibbs energy of its concentration cor_n@‘ud to background
l:m3!hahrr}{ _Q-f'm3 N){Joules ﬁbhs s energy/g) |

‘Enter mput m _'_ 5! Bath.u:ld_ 0,05'
_input m3/Halyr: lﬂﬂE+I}5 Ei:bsfreaﬂmfgymmtmmq 411011439 Whalyr

7 'Wind at 1000 m multiplied by height, density, eddy diffusion coef., vertical gradient and area |
(—_m/sec)(1000m)(1.23kg/m3)(__m3/m/sec)(3.154 E7 m!y]{,_rrufsucfm}ZH E4m2)
__ Enter windm/sec: | 100 | diffusion coef:

_'_En_tur_‘U'ert__qri_d:_t_ 2.00E-03 | Wind absorbed downward: 31035E+!D| Jflw’yr
|

8 Cl-'ij' sediments de dnpusltnd from wind or water

9  Organic matter brought from outside, stored and/or used on site l -
|(waters, m!fhafyr}{organh:s g/m3)(5 keal/g}(4186 J/keal)
Enter water infiow: | 3

\and organics ppm: | 100 |Flux of organic energy added < 62790001  J/ha/yr

10 _[Input of seeds and other propagules evaluated by number of idividuals of each kind
meﬂmmm%nhﬁunﬂmmmmtmﬁmmﬁofm

11 ﬁnlarmotatmﬂwnnhrmtuhgmlm | |

thtmrﬁglﬁumt:ddndmmtmalsmtsﬂmadyrﬂmdhthnmmfmwufm

12 Sum of independent inputs; Direct sunlight and wind mtmd-currntlc by-products of rain used
Human Inputs: [ B

13 ,Hmngoodsandsmne:pmﬁhrmufzpmtmhryear

14 [Taxes in expenditures in a particular year R T

15 |Fuels used in work on site multiplied by energy per unit fuel

16 Interest in dollars of a particular year paid on debt on the site |

| 17 Sum of solar EMERGY contributed through human and economic inputs

18 Sum of enviromental contributions and human-economic contributions (Item 12 & item 17)




II. EVALUATION OF REGIONAL ROLE

Whereas the calculations 1n levels 1-3 evaluate the work done on site using the
main energy sources from nature and humanity, Judgments about a particular wetland site
mav depend on the role it playvs in the larger sysiem. Table 4 provides a calculation table lor
estimating EMERGY and macroeconomic dollar values of work in the regional system for
which the wetiland site mav be essential because of its contributions to the outside, position
in water cycles, wildlife corridors, city proximity s, etc. Table 4 evaluates the EMERGY
production and use outside of the sile in question that might be at risk if its role in the
larger system were changed. Mitigation has to be based not only on the EMERGY wealth
generated by the work of the wetland site, but the change in EMERGY production and use in
lhe surrounding svstem caused by the change. -

For evaluation of regional role, draw a systems diagram of the regional
system showing Lhe role the site in gquestion plays in Lthe surroundings
(Figure 2). Using Lthe spreadsheel for Table 4, evaluate the main processes
affected by the weiland sile. If Lhe diagramming indicales processes nol
already covered in Table 4, add appropriate line items. Use Lhe solar EMERGY
values and their macroeconomic § eguivalenis to consider any changes
proposed in the use of the wetland. Specific proposals for changed use of a
wetland should be accompanied by evaluation of Table 4 before and after the
proposed change.

EXAMPLE: FLORIDA CYPRESS POND

Tables 1,2, 3, and 4 include an example, a cypress pond in north Florida where Lree
growths have accumulated 100 vears. The procedure generated the following results (Table
5). Data on the cvpress pond wetland type are given by Ewel and Odum (1985).

Table 5 Solar EMERGY Evaluation of a Cypress Pond

Scolar Essrqy Macrosconomi c
saj/ha 1990 $
Evalmation of Storage/ha, Tahle 1:
Level 1l{comstamt land ENEREY) 2.5 ElL 172,603.
Loevel I(based on wetland type 3.6 n7 246,757
Leval 3(detailed svalmatiom) 4.4 ELT 275,000.
Enmal valme, Table 3, Line 18 1.1 E15 68E.

Basmal role in surrousdings (Tahle 4) 7.9 E15 4,971.




— Table 4. Emergy Evaluation of the Outside Role of a Florida Wetland

See Table 3 for evaluation of Emergy uses on site

“Enter Name of Wetiand here: __ [Odum Cypress Pond | _

MNote Mame of&w Linits Fh.ut used Solar Em./unit (Solar Emergy Macroeconomg

Units/ha/yr sej/unit use: sej/ha/yr §/ha/yr
Unabsorbed flows through the site affecting other areas:

1 Chem. energy, fresh water  Joules ~ 250E+11 1.80E+04  4.50E+15 1730.76923
2 Phys. energy, fresh water  Joules 4.90Es07|  2.79E+04]  137E+12 0.52580763
3 Sahwatercumems  Joues 0] 1.64€s04|  0.00E+00 ]
4 Phosphorus flux  grams ~ 1.01E+06  3.80E+07|  3.B4E+13 14.7615385
5 Nitrogen fiux grams | 1.0%E:07|  260E+06| _ 265413 102
6 Sediment transport grams 0| 2.00E+09  0.00E+00 ~ 0
7 Organic transport  Joules  1.05E+11  7.40E+04  7.74E+15 2977.07692
'8 Speciesrefuge | #  2.00E+07]  1.00E+07|  2.00E+14 76.9230769
| 9 Harvestedproducts | $ 0 400Es03  000E:00 0
10 |Human experiences  Joules | 2106407 z.ﬂ'ﬁi-:m_?T_ 4.20E+14] 161.538462
_H ‘Sum of sepnmEltfnlnf m:tsnieeffnct (#1-#10) I T Z’BETEHE. 4971 ?95[}4
12_Potential oftypical outside EMERGY matching ___ = — 6.44E:+15 2476.92308)
Footnotes for Table 4: I | | |
* Solar Emergy/ha/yr divided by EMERGY/S ratio = | 2.60E+12isej/$ - ==
1 _Gibbs Free energy in | Transplred water =
g T m3fhrafyr water used)(1 EE g/m3)(5 J/g freshwater relative to 5=It} ~=]
Er‘lt!f nﬂfhafyr‘ 5.00E+04| Flux of Gibbs Free energy = i 2.5E+11  Vhatyr

 Water thrmgh—ﬂmrs that are not used on site are evaluated in Table 4.

—— e

i i
2 Energof rm:wnq water based on head loss per 10 m:
_ {m3/yr)(density, 1E3 ka/m3)(Height change, m}(gravity, 9.8 m2/secZ) A
| Enterm3/ha/yr. +iﬂ@i_£mer mangen 0.1) ~ 49000000|  J/halyr

_3 Tnﬂ_eqcrgyabawbedperhecurehasednnmtm range'EIS as center of gravity
_(area,1E4 m2}(0.5 )(range squared)(706 tides/yr)(density, 1.023 E3 kg/m3){gravity) | e
_ Enterrangeinm: | 0 Tical energy al absorbed = 0 Jihalyr

4 INutrient plwsphmls evaluated as E.lbl;ﬂ energy of its concentration ::mTpﬂred to background

| (m3/halyr)( _gf'm3 P)(Joules Gibbs energy/a)

Gibbs energy = (gas cnostant)(Kelvin T.)({log base e of e of ppm ratic)/(atomic weight)
| Enter input ppm: 0.2 'Background ppi 0.05

input m3/Ha/yr: ~ | s ﬂﬂE-i-IZH- Gibbs free energy in nutnent P 1018926.36| 5 J.fEf!.l'F__'

5 Hummt mtmgen evaluated as Gibbs annfgy nf_:ts concentration c::ampared to buckgm.md

.:mafha;yr}{ __a/m3 N)(Joules Gibbs ‘energy/g)

| Enter input pprm: , lI:II 5 Backgroundppi 0.05|

input m3/Ha/yr: | 5.00E+04 Gibbs free energy in nutrient P__ 1_02?_523@ _ Jrharyr |

/2



E Semm flow passing, W Water Flux m.itmhed 2d by cl;r_.r ‘sediment concentration

— Enter water flux:. 5.00E+04  g/m3 clay: _i;l 0 Vmafyr |
7 Organic filtering in Joules, times ppm organic content and 5 kcal/g & 4186 J/kcal i
| Enter water fn:. 5.00E+04 ppm organics: | 1000 !,ﬂ4E5E+H _ Jihatyr
8 Wildlife sanctuary,hectare contribution based on wildlife biomass/area

(Enter grams dry biomass/ha: 1.00E+03| | 20930000  J/hafyr |
|9 IYield to outside, dry g/ha/yr times energy content |

Enter yield dry g/ha/yr l]: | N 0 Jhatyr

10 -Ml.itply persm—{hys of human f.nm.actfy by metabolism per hour( 2500 kcal/day*4186 Jﬂ'kcal}

Enter person-days - 2| i = 20930000/  J/halyr

11 ' Sum of solar EMERGY/ha/yr in the last column.

12 |Economic activity miu(mlﬂrmbﬂsndpnmtanhng EMERGY of wetland ;

| 'Multiply annual solar EMERGY from Environment (Table 3) by Investment ratio for Florida(7.0).

Enter Wetland sej/ha/yr:| 9.20E+14 6.44E+15  sel/halyr




/i -

In the example, the higher value in Level 3 analysis was due to the tax included as
measure of one of the human controls. Large items of wetland contribution to the
surrounding systems included the EMERGY of the water recharged to the ground and the
contained organic matter processing that was a measure of the filtering and metabolic
action in the process.

Water
Sources Filtration

of waters

— ——p=g\ Sources

{{ “Costs, taxes

A

Harvests N
Environmental ; - Econumicﬁhl'x______
Production work Wildlife & Human
Within Wetland Uses

Figure 2. Some of the ways wetlands participate in larger system

This preliminary draft is assembled to elicit interest and test feasibility of this
approach. With funding and participation of those with local knowledge, this manual could
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 available which includes a glossary and an appendix introducing concepts. That report
includes EMERGY analysis on several scales: international national, regional, ecosystem,
and mircoeconomic systems with EMERGY-based policy recommendations .
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