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ABSTRACT / Natural lancscapes produce goods and sar-
vices, such as fish, wildl7z. recrealion, climate control. Tnat
are not adequately incorporated in thelr market values. Ton-
lingent Valuation (CV) ar< Energy Analysis (EA) appreaches
were used to estimate the nonmarket value of forests «+
Georgia, Both methods yeided similar estimales of apcroxi-
malely $200 ha~!, whicr was 31% of the total market 23
rnonmarket value of fores:z Energy analysis was also Lsad o
estimate the nonmarket vzive of the major land uses in
Georgia. Relative conirib ons of nonmarkel value to iziz
value ranged from 0.1% 27 urban areas to approxima=,
100% for wetlands. For == state as a whole, nonmarke: oro-
duction of natural and de veioped eccsystems was estrizied
at $2.6 billion. This value s comparable to annual mar~z2ed
agricultural ($2.8 biltion} =~d timber ($4.5 billion) producton,
both very important induses in Georgia. Changing lars use
patterns in Georgia and =sawhere are likely to be accc—oa-
nied by shifts in the rela: = mportances of market anc ~on-
markel values.

The value of natural lznds and waters is not ade-
guately reflected in their market prices. A funda-
mrental reason for this is that the services of natural
areas (and to a lesser exxent agricultural [Bergstrom
annd others 1983] and urban areas) are imperfectly
owned. The owners of the areas cannot charge others

- adequarely for all the positive services they provide.

nar prevent others from benefiting from these ser-
vices, The nonmarketed values may be quite large, bur
they must be measured indirectly (Delorme and Wood
1974) and are difficult to determine with any exact-
ness (Westman 1977, Healvy 1985). Therefore, envi-
ronmental services have historically been grossly un-
dervalued (Alig 1983). The lack of precise empirical
daia for measuring all environmental and wildlife
values tends to result in superficial consideration of in-
wzngible and qualitative vzlues and greater emphasis
on values measurable in monetary terms, even though
these may be negligible i comparison (Van Dieren
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and Hummelinck 1979, Kellert 1984). Valuauon of
the benefus of nonmarketed resources and services in
natural areas has therefore been identified as a major
research need (e.g., Gdum [975 and 1877, Westman
1977, Alig 1983, Loomis and Hof 1985, Loomis and
Walsh 1986). ‘

As the mtensity of use of many habitats increases,
some types of natural land may become scarce. and
resources that should be renewable may sustain
damage (Healy 1985;. Land use patterns have been
changing rapidly in the southeastern United Suates
during the past several decades (cf. Nelson 1957,
Brender 1974, Healv 1985, Turner 1987). Changing
demands have led 10 greater competition in allocatng
increasingly scarce land resources (Alig 1983). How-
ever, most land use decisions do not consider wrrpacts
on nonmarketed values. Faced with the rapid develop-
ment occurring in the region, we think it is important
to evaluate and compare the nonmarket and market
values of habitars.

As part of a landscape-level study of Georgia
(southeastern USA) we idenufied the nonmarker value
of forest and other nawural lands within the stzie. In
this article, we (1) compile and review previous contin-
gent valuaton method estimates of recreation and wil-
derness values of Georgia forests; (2) estmate the
value of forest lands based on energy analysis; and (3)
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compare these two nonmarket value estimates with
each other and with the market value of forest lands
and other lands; and (4) esumate the total value of
Georgia using energy analvsts and compare this value
with market values.

Valuation Methods

There are several methods of economic valuation
of nonmarket henefits (see for example, Westman
1977, Bernsteinr 1981, Brookshire and Crocker 1981,
Brookshire and others 1922, Kellert 1984, Costanza
and Farber 1984, Daly 1984, Loomis and Walsh 1986},
Two broad groups include the Contingent Valuation
tCV} approach and the Enmergy Analysis (EA) ap-
proach.

The CV method seeks 0 measure nonmarket
values by determining what meople would be willing to
pay for natural resources znd services if a suitable
market existed. The US Water Resources Council
(1979) approved the CV method as a procedure for
estimating the economic value of recreational and en-
vironmental resources. Usizzg surveys and question-
naires, pseadomarkets can b constructed to estimate
the value of nonmarketed services. Loomis and Walsh
+1986) argue that CV is (at east in principie) an ade-
quate means to empirically estimate a consumer’s op-
uon, existence, bequest, ana recreational values of a
particular wildlife species or natural area (Weisbrod
1964, Krutlla 1967, Walsh znd others 1984). Schulze
and others (1981) report thzt the most readily appli-
cable economic methodologies for evaluating recre-
ation values all yield estimzies within one order of
magnitude of each other. Even small values per house-
hold result in substantal nzuonal or regional values
(Stoll and Johnson 1984).

The problems with this zpproach are: (1) it relies
on consumers' current preferences and level of knowl-
edge of natural areas (whick may be improving but is
far from adequate); (2) it muzst add ali the incremental
values of the individual services provided by a natural
area, and important funcuons may be omitted or un-
deresumated; (3) it is often difficult 1o assure honest
answers o questions on survevs, since people have a
subconscious tendency to zell the questioners what
they think they want to hear: and (4) it does not repre-
sent an actual transaction.

Energy Analysis (EA) is another approach to the
valuation of natural areas thai is philosophically more
biological and more holistic. It concentrates on the re-
lavonships within nawral svsiems that lead 1o the pro-
duction (supply} of nawral services, rather than
human demand {or natural svstem producs (Costanza

and Farber 1984). The method considers the total
amount of energy captured by natural ecosystems as
an estimate of their potental o do useful work for
society. The critical link in using energy analysis for
nonmarket valuation is the relationship between the
energy embodied in the system and its economic valbue,
and this refatonship is sull controversial (e.g., Cos-
tanza 1980 and 1984, Dalv 1981, Huettner 1982, Cos-
wanza and Herendeen 1984, Cleveland and others
1984). However, even with this uncertainty, the EA es-
tumate 1s a useful check on the economic value of mart-
ural systems derived from the CV method, which :zlso
contains considerable uncertainty.

Contingent  Valuauon and Energy Anaivsis
methods were compared and evaluated by Costzoiza
and Farber (1984) and have been used jointly o =su-
mate wetland values in Louisiana (Farber and Cos-
tanza 1987). The major dference between ther s
that CV is based on human demand or ben<i,
whereas EA 1s based on natural system supply, or cst,
including the cost to the natural system for resource
production, They represent alternative approaches 10
incorporating existing information about the environ-
ment into nonmarket valuation.

Nonmarketed Natura! System Values

Recreation and Wilderness Values

The most extensive studies of nonmarket nati:ral
system values have focused on recreation, wildiife. 2nd
wilderness-related values. Here we review studies :5at
are applicable to the southeast and Georgia. Qutdaor
recreation is usually not marketed but is provided =zs a

Joint product with other land uses or as a governmeent

service (Musser and others 1982). Sorg and Looms
(1982} reviewed a variety of recreation benefits es-
mated by different methodologies. Their results indi-
cate that recreation values were fairly consistent when
the methodological assumptions and dates of the
studies were standardized. Differences in value could
largely be explained by differences in resource quzhy
and relative location tfrom user populations.

A set of recreation and wilderness value estumaies
for forests were compited {or the US Forest Service by
Loomis and Sorg (1982) as part of the Resource Pizn-
ning Act (RPA) process. The objecive was o derve
forest values for each of the nine Forest Service re-
gions. Loomis and Sorg collected data from published
and unpublished sources that used either CV or travel
cost methods to estimate a variety of forest vahues
{Table I). Dawa were adjusted wo account for metkod-
ological differences and were converted o standard



Table 1. Recreational activity values for national
forests in the southern region, and for the
Chattahoochee and Oconee National Forests, Georgia.

Recreational activity value
{1982 dollars per
recreational visitor day)

Southern

Actity region®  Georgia® Average

Cold water fisking 13.00
Warm water {xhing 24.00

Fishing, averzge all types 18.50 2938 25.94
Big-game hunzing 40.00 379
Small-game humting 28.00 51.31
Waterfowl huniting 25.00 400
Upland game Zunting 40.00

Hunting, average all types  33.23 445,03 39.64
Motorized tras= 11.00
Camping 16.00
Picnicking 10.00

Developed recreation,

average a- 1vpes 12.34 R 4.27

Hiking 20.00 1190 15.95
Wilderness 25.00 .06 26.98

Average of 251 types 21.82 21,50 23.16

“From Loomis azZ Sorg 1982,
PFrom LSDA 555 for the Chattahoochee and Oconee National
Forests.

units of 1932 dollars per recreational visitor day
(RVD). Values for national forests in the southern re-
gion, which extends from Virginia to Texas, ranged
from a minirzum of $10/RVD for picnicking to a max-
imum of $40: RVD for big-game hunung and upland
hunting (Tabie 1).

The Forest Service then used the regional values to
derive estimazes for each national forest (e.g., USDA
1985 for Chznahoochee-Oconee National Forests in
Georgia). To estimate the present value of each ser-
vice, the demznd for each service was projected 50 yr,
multiplied by iis value, then discounted 10 the present
at a rate of £%. For the Chauahoochee and Oconee
National Forests in Georgia, value esdmates ranged
from a low of $6.21/RVD for developed recreation to
a high of $51.31/RVD for small-game hunting (Table
1). These values can also be described per unit area
(USDA 1985;. On the basis of current management
directions, present value benefits and costs are calcu-
lated for each aciivity, then costs are subtracted from
benefits to determine net present value. By dividing
net present value by the national forest area, values
per hectare are obtained {Table 2). Recreartion, wilder-
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ness, and water values total $2770 ha=! ($1121 acre™})
in 1982 dollars for the Chattahoochee and Oconee
Nauonal Forests.

Ziemer and Musser (1978) studied the demand for
wildlife recreation in Georgia using a cost approach to
esumate a consumer surplus value. Regression models
were used to statistically estimate demand, using
survey data {rom wildlife recreation participants. They
report that the wildlife resources of Georgia are worth
about $0.9 biilion o the participants in those activities
surveved (Table 3).

Energy Analysis

The energy analysis methodology can be quite
compiicated {see for example. Costanza 1980, Cos-
tanza and Neill 1984, Costanza and Herendeen 1984).
For this study we employed a simplified technique that
is readily calculable (we discuss its shortcomings later).
This technique uses the Gross Primary Production
{(GPP) of the whole ecosystem as an index of the en-
ergv captured by the system, and converts this energy
value into dollars using a single dollar—energy conver-
sion factor (described below).

The procedure can be summarized as follows:

1. Estumate the GPP of the natural area in question.

2. Convert the GPP estimate (usually measured in
units of carbon fixed per dme unit or the heat
equivalent energy content of the carbon) to fossil
fuel equivalents {FFE) by considering the fuel effi-
ciency of each source.

3. Convert the FFE value into dollars using an
economy-wide ratio of economic value per unit of
energv, usually the ratio of GNP 1o total energy
use in the economy {measured in FFE).

All three steps involve unceriainty. Below we dis-
cuss the steps in more detail, pointing out the potential
sources of error.

Gross Primary Production. GPP is a measure of the
solar energy that is used by the plants in the system to
fix carbon into organic molecules. which then drives the
rest of the ecosystem. The plants and animals in the
svstern also moderate water flow. erosion, sedimenta-
ton. and other variables. GPP for an ecosystern can he
considered analogous to GNP for an economy: both
are crude (but essential}) measures of overall system
performance that do not consider the internat distri-
bution of production and must therefore be used with
caution. GPP measures the value of net inputs of en-
ergy going into ecological systems. GNT measures the
total value of net outputs from economic systems (in-
cluding capital accurnulation and depletion) which is
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Table 2. Valuations of nontimber and timber uses of the Chaitahoochee and Geonee National Forests, Georgia.®

Present Net

Present value

value

present

benefus (range)® costs value Vatue per hat
Use {1978 mitlion dollars - vr=1) 1978 dollars 1982 dollarse
Nontimber
Dispersed recreation 651 6G22-631) 10 641 206441 2815.58
{832.02) (113591}
Wilderness 31 - 33-59) 1 50 161.46 215.63
(63.37) (88.92}
Water B TH-7T) n/a 76 G45.49 338.82
(92 36) {135.15)
Develened recreation
and =i others 35 - 19-4D) 125 -90 - 200,62 —596.90
(= 117.606) (—211.68)
Total wontimber 813 779-823) 136 677 215517 2769.88
(8535.09) (1i21.41)
Timber 214 118-313%) 115 104 335.5%4 456.83
(135.47) {18-1.95)
Total 1032 415-1131) 251 781 2322 42 3226.71

(1021.06) (1306.36)

“Data are -mom USDA (1983), Managemern:

PRange irrudes minimum and maximunt ©ziue across seven management al:
from 1978 10 1982 dollars uses ratio of 1982 GNP price deflator

‘Conversicss

SValues in. oarentheses ave per acre.

Table 3

Outdoar recreation valuss for Georgia in 1971.2

shernative 3, defined as the current direction.

atives.

200.88) 10 1978 GNP price deflaver (152.09),

Teoral annual -
Total annual value per ha®

Value per value
OCCasion Demand 11571 dollars Forest All lands
Aoy (1971 dolkers; {1000/yr) - 1000/yr) (51682 dotlizrs) (51982 dollars)

Warm-wzzer fishing 24.53 20,597 505,284 109,79 71.56
(14.42; {28.97)

Smail-gamme hunting 33.39 4,334 114,416 31.37 20.45
(12,70 (8.28)

Big-game hunting 71.16 1,405 99,478 21.71 14.15
{8.7%) (5.7%)

Wildlife enjoyment 6.24 2,603 162,451 3527 22.99
(14.28; {3.31)

Total N/A N/A ©412,132 198.07 129.16
(80.19 (52.29)

“Pata from Ziemer and Musser (1978

®Values in mzrenthescs are per acre.

equivalent for any given year to the total value of net
inputs {izbor, capital, government services, and natural
resources; 1o the system.

Direct GPP measurements were not available for
all the ecosystems of nterest. However, we had esu-
mates of Net Primary Production {NPP), which is anal-
ogous to the gross capital formation component

~of GNP, Estimates of NPP (Tzble 4) range {vom

0.5 mT ha™!'-yr~!' for open water systems Lo
20 mT ha~!-yr~?! for wetland systems. The ratios
used o convert NPP w0 GPP ranged from 1.42 10 3.34
rimes NPP, depending on the tvpe of ecosystermn and its
successional positen (F. O. Box. personal communica-
ton). Early successional ecosvsiems (like pine forest or
cropland) allocate more GPP 1o NPP than do climax
ecosvstems {Odum 1969), just as rapidly growing
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Table 4. Energy analysis estimates of nonmarket vaiues by major land use in Georgia in 1982.

NP GPpbh Annual Presen: ) Total annual Total present
vatiesh valuedh 1482 Apeach valuef values
[and use (T halyr) t$/hatyr) ($/ha) (1000) {million $/v1) (million $/yr)
Pine 9.34 17.4¢ 23200 3,795 1.637 1,075 26,865
(5.80} {7.04) (94.60) (2,346} 111.453%)
Hardwood 5.03 12.5% 168.00 4,199 ' 3.189 872 21,7492
(2.04) (5.10) (68.00) (1,700) 112.819)
Wetlands 20.00 66.6% 23900 22,203 260 231 5,781
(8.09) (26.97) L 360.00) (8,089) (:43)
Open waler 0.50 1.65 22,00 548 195 4 107
(0.20) {0.67) (9.00) (229) 183)
Total natura. zreas E5.398 2,182 54,545
Crops 5.04 7.76 104.00 2,588 2.644 274 6,842
(2.90) (3.14) ~32.00) (1,048) A.A31)
Pasture 3.80 7.76 104.00 2,588 334 g9 2,949
(1.37) (3.14) +12.00) (1,047) S2196)
Total agricuz_ral arcas 727 366 9,141
Urban/other 3.50 7.01 44.00 2,399 S61 81 2,014
{1.42) (2.84) 38.00% (947 2127

Grand total

33.253 2,628 65,700

“From Turner i ©&%

“Fstimated based

‘Based on conves
quality/1982 dollaz from Costanza and Farber 192+,

conversions from NPP (frem E.€). Box, personal communication.

o factors of 4 % 108 Cal plant praoduction/mTon, 0.03 Cal tossil fuel sualing/Cal plant production. and 13.000 Cal fossil fucl

9Based on a strez= of constant production into the ihdefinite futere and a discount rate <4 4%, This makes the present value simply the annual

vajue divided by -t
*From Turner ( 1:5=71

TAnnual valuetha - zoca, in millions of 1982 dollarsvr.

&Present valueshs - zrea. in millions of 1982 dollars.

BValues in parentzeses arc on & per acre basis,

economies pu: more of their GNP inw new capital
formation. The GPP estimates for each ecosystem type
are listed in Tzble 4.

Conversion z: Fossil Fuel Equivalents. GPP estirmates

are frequends stated in units of carbon or Calories of

plant biomass per unit area per unit time. The first
step in converzing this to a2 measure of equivalent eco-
nomic value = 10 convert it to energy units more di-
rectly relevant zs input to the economy, i.e. {ossil fuels.
Fossil fuels zre a much more concentrated, higher
quality form <2 energy than plant biomass. Consider,
for example. <he extra energy required w upgrade
biomass to fosxl fuel, as in a blogas or gasahol process.

Another exarmole is W consider the relative number of

Calories of bicmass that would have to be burned in a
power plant e produce the same amount of elecuricity
as a given guznuly of oil Both of these methods have

been used e cstimarte the “energy quality {actor”™ of

biomass relagve to fossil fuel. An approximate average
is 0.05 Cal bicmass/Cal fossil fuel (Odum and Odum

1976). indicauing that unpracessed biomass, such as
that measured by GPP, is about 20 umes less concen-
trated than fossil fuel. This value, however, is impre-
cise and would likely be improved by additonal re-
search.

Conuversizm {0 Economic Value, One can consider the
overall ratio of the value of economic output to energy
input in the economy as a crude wav to convert plant
producton o an equivalent economic value. This step
is certainly the most controversial, with critics arguing
that energy conswmpton and economic value are not
necessarily related (Huertner 1982 Although eco-
nomic value and direct energy consumption are not, in
fact, related. recent siudies provide supportive evi-
dence that towal direct and indirect energy consump-
ton {embaodied energy) and dollar values are indeed
highly: correlaied in the US economy (¢f. Costanza
1980 and 1934, Costanza and Herendeen 1984, Cleve-
land and others 1984). We therefore use a conversion
factor based on these studies 1o estimate the economic
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value of ecosystem production from GPP estimates
converted 1o FFE, This factor is approximately 15,000
Fossit Fuel quality Calories per 1982 dollar.

The nonmarket annual production value of each of

the ecosystems based on GPP esumates and the con-
version faclors discussed above are listed in Table 4.
These values (in 1982 dollars) range from $22 10 $360
ha=t-vr! (89 o $147 acre~!-vr~'). This annual
producton value ts then converted 10 a present value
(assuming a 4% discount rate) and extrapolated to the
eniire state based on the land area of each ecosystem
type.

Heritat Interdependence. 'The GPP technique out-
lined zbove does not account for interdependence be-
tweer, habuats or differences in productivity within the
same habitat. For example, all pine forest is assumed
to hzwe the same GPP, regardless of the adjacent hab-
ats <7 any spedal conditions of the site. In addition,
some #rosystems may be much morve imporant for
their roles in the landscape other than GPP. For ex-
ampiz. open water areas mayv be more valuable as
water supply systems for animals or ecosystems than
for primary production, and the value of unique nat-
ural ceatures, like the Grand Canvon, would be un-
dereszimated by GPP. To incorporate such factors
woulc require a detailed and much more elaborate
versien of energy analysis based on an ecologic—eco-
nomi< input—output flow accounzing model (Costanza
and Neill 1981 and 1984).

Corparison of the CV and EA Zstimates for
Georgia Forests

A summary of nonmarket walue estimates for
Georzia forests is presented in Table 3. The EA
estimzie (Table 4) and the CV estmate from Ziemer
and Musser (Table 3) are verv close. Both are ap-
proximately 8200 ha='-yr=! ($20 acre~!-yr~!) or
5000 ha=! (32000 acre™!) in 1982 dollars. The
USDA esumate (Table 2) is abourt half this.

Tota: Value of Georgia

Market and nonmarket annual production esti-
mates for the major land uses in Georgia are summa-
rized i Table 6. Our market estimates are based on
gross sales per acre. Although this is not the actual
market sales price, it should be a good indicator of the
gross sales prices of the land. Deriving a statewide
market price by observing transaction data would be
ideal but difficult, and the gross sales approach is
more vizble.

For agricultural and forest areas, nonmarket values
are a significant portion of the wotal value (12% for

Table 5. Sumary of nonmarket value estimates for
Georgia forests.

Annual value Total value

Method (source) (31982 hafyryt ($1982/hay
C\ approach

USDA 110.75 2769

(Table 2) «14.84) (1121

Ziemer and Musser 198.07 4952

Table 3) SR0.19) (2005)
EA approach

This study 200.07 5002

“Table 4) ®1.00) (20235

Values in parentheses are per acre.

agriculture and %1% for forests). For wedands, the

wtority of the total value is nonmarket, and it is
equivalent (on a per hecatare basis) w0 agricultura:
market plus nonmarket value. For urban areas the
nonmarket component is insignificant (0.1% of the
total). Thus, as land use changes from natural to de-
veloped, value shifts [rom nommarket to market.

The total annual value of marketed and nonmar-
keted production in Georgla was estimated as $74.4
billion (for 1982 in $1982). Towal marketed production
for 1982 was §71.8 billion and the nonmarket produc-
don of natural and developed ecosysters was $2.6 bil-
lion (or 5.5%). The nonmarket value is comparable
the annual marketed agriculiural (52.8 bithion} and
wmber (34.5 billion) production, both very imporian:
industries in Georgia. Despiie possible ervors in the
measurement techniques, the nonmarketed nagural
production is an important component of the state’s
economic well being.

Energy analysis estimates of nonmarket value are
sensitive (o the factor used to convert biomass calories
to fossii fuel calories. If a 0.10 Cal blomass/Cal fossil
fuel value were used instead of the 0.05 Cal biomass.
Cal fossil fuel value that we used, the nonmarket value
estirnates would double. 'The nonmarket component
of the stale economy would thus increase to $5.2 bil-
Hon vr~!. We used conservative values in our calcula-
tions, and we believe our overall estimates are conser-
vauve.

Discussion

Energy analysis and conungent valuadon are so-
phisticated attempts 10 unify ecology and economics.
Nenher succeeds completely (Bernstein 1981 see also
Gosselink and others 1974, Shabman and Bate 1978,
QOdum 1978}, One major impediment is that ecological
and econonuc systems are perceived (o operate on dif-



Market and Nonmarket Values in Georgia 215
Table 6. Market and nonmarket annual production values of majer lanc uses in Georgia.
Market Nonmarket Touzl Total
production value? value ol
Areab annual value
Land use (1952 Sihalyrs (1000 hay (millions/yr)
Crops/pasture 7834 104 b 4.233 3,132
(317) (49) (354 (8.727)
Forest 454 2000 H3-L 493927 6,432
(184) B (253, (24.279)
Wetlands/open waier of 889 Bkt 159 405
(53] (360) (3T (1.126)
Urban/other 74,7008 94 TAT L 361 64,407
(30,24%) (38) (30.9% 7 (2.197)
Total 14.677 74,377
(36,253

“From Table 4, except forest which is from Table 3.
“From Tahle 4,

“Values in parentheses are on a per acre basis.

IFrom Ag Census data on Georgia total annual market value of fzrm products for 1982 (52738 miltion, excluding dmber) douded by wotal crop

and pasture area (3.727.000 acres).
“From Talle 2.

fAssumed to be negligable.

EFvom Akioka (1684 toal 1982 nonagriculural gross state product (364,329 million) divosd by total wban other are (2.227.000 acres from

Table 4).

ferent tme scales. The long-term detrimental effects
of decisions thar bring short-term economic gain are
thus ignored (Bernstein 1981). As public education on
the long-term of nature's services increases, our esti-
mates of nonmarker values will probably also increase
(Westman 1977).

Neither market nor nonmarket value estimates ac-
count for negative externalities of land use, such as
pesticides  associated with farming, or the habitat
change and erosion associated with intensive foresiry.
These negative externalities, as well as the habitat in-
terdependencies mentioned previously, must also be
considered by decision makers. For natural ecosvstems
heavily impacted by human activities, replacement
values can sometimes be useful (e.g., Gosselink and
others 1974, Farnworth and others 1983).

Anticipated land use changes will have major mm-
pacts on the South’s nonmarket values (MHealv 1985).
Plausible quality influences associated with land use
changes include changes in game populatons, harvest
success, access o land for recreation, changes in the
type and quality of wildlife supported on parucular
land uses, and aesthetic content {(Musser and others
1682). Market and nonmarket values for conversion of
forest fand to agricultural uses in Georgia were studied
by Musser and others (1982). They reported that be-
tween 1973 and 1976, such land conversions resulted

inalossof 813 70 acre™1in hunting and fishing value,
but a net gaiz of $82.58 acre™! in overall value., An
carly study by Helliwell (1969) estimated the value of a
40-ha woodland in an agriculwral region using values
of four recognizable benefus of wildlife resources:
production, potential production, educadon, and rec-
reation. The estimated value of £5524 was compared
o an estimated value of only £631 if the woodland was
cleared and pianted n a spruce plantatzon. Thus, the
value of the matural woodland was close 10 nine times
the value of the plantation. Leaving land use decisions
solety 10 the market would probably result in fore-
closing tmpormant long-term options because of short-
term gains (Mealy 1985). Many of the hnkages which
could help eszablish the value of ahernative resource
policies are nem well understood, and economists have
too infrequenzly sought the assistance of biologists and
physical scientists (Batie and Shabman 1979).
Imprecision and uncertainty remain in estimates of
nonmarket vatues of natural systems. Ths uncertainty
could be redoced by further research. but given the
nature of the problem, it will probably remain rela-
tvely large. Irr natural systems management, a funda-
mental problem is that those who damage or destroy
nataral systerms are not charged for the rue social cost
of that damuzge or destrucdon. Such sitnations in
which the narrow, short-lerm incentives are inconsis-
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tent with the long-term good of society are termed so-
clal traps (Costanza 1987). A wrap can be uansformed
into a wradeoff by charging the responsible parties for
the full cost of the environmental damage at the tme
the damage is done. Knowledge of the economic value

of nawral systems Lo society, along with costs of

various acuvilies, Is necessary. An “environmental as-
surance bond” might be associated with the conversion
of natural systems o other uses, in which the fees
would be placed in a wust fund to mitigate environ-
mental damage or w be proporuonally returned i the
case of minimal damage (Costanza 1987, Perrings
1987). This would effect a sharing of the sogetal costs
among the parties that economically benefit from
modifving natural systems, while also making ccologi-
callv sound development an auractive option in the
short term.

Conc Lsion

There are many ways to discuss the value of nature
(see for example, Van Dieren and Hummelink 1979,
Rolston 1986). Some conservatiomsis believe that non-
atiribuzable values (Farnworth and others 1981) ave
priceless and they object to anv etforts w place mone-
tary vzlues on them. The Energy Analysis method
provides a means for monetary evaluation of at least
the life-support good and services of an ecosystem. We
believe this is useful because it demonstrates the mag-
nitude and importance of these nonmarket values in
units «dollars} that decision makers and the public can
readilv understand. Markets for ecological goods and
services are far from perfect, and we cannot relv on
the free market to efficdently allocate these resources.
The current system, which misallocates these re-
sources. is better described as a social trap. Implemen-
tation of a technique such as the environmental assur-
ance bond may contribute to a wruly ecologically sensi-
tive econorniics. Changing land use patterns in Georgia
and elsewhere will be accompanied by shifts in the rel-
ative Lmportances of market and nonmarket values.
The best estimates of nonmarket values may come
from the application and imerpretation of both ap-
proaches discussed 1n this arucle and the development
of methods to deal equitably with the remaining un-
certainiy,
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