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PENDAHULUAN

Sumberdaya wilayah pesisir (coastal zone)
sering merupakan milik umum sebab “property right”
di wilayah tersebut di kelola oleh publik atau tidak
terdapat kejelasan kepemilikannya. Pada negara-
negara berkembang maupun maju aktivitas ekonomi
di wilayah pesisir sangat dominan dan dengan

9 pesatmya pertumbuhan penduduk maka kelimpahan

sumberdaya pesisir terancam kelestarianiya.

Interaksi antara tanah dan laut melalui proses
hidrologi di wilayah pesisir mempunyai karakteristik
yang spesifik sehingga pembangunan/perubahan
pada wilayah tersebut dapat mengakibatkan
pengaruh (impact) yang sangat “significant”. Perilaku
dari produsen yang memaksimumbkan profit dan
konsumen yang memaksimumkan utilitas dalam
memanfaatkan sumberdaya pesisir dapat
mengakibatkan alokasi sumberdaya dan lingkungan
yang tidak efisien secara ekonomi. Dengan demikian
campur tangan pemerintah diperlukan untuk

mengatur sumberdaya yang langka sehingga

penggunaannya efisien dan berkesinambungan (sus-
tain) baik secara ekonomi maupun sosial.

Namun usaha-usaha tersebut sering menemui
kegagalan karena pelaku ekonomi dan pemerintah
memiliki informasi yang terbatas tentang nilai ekonomi,
dari sumberdaya wilayah pesisir. Kesulitan penilaian
ekonomi tersebut lebih nyata karena sumberdaya di
wilayah tersebut tidak diperdagangkan di “pasar”
sehingga aplikasi dari penilaian sumberdaya yang
tidak dipasarkan (non market valuation) perlu
dilakukan, agar “trade off”” antara pembangunan dari
barang dan jasa yang disediakan oleh lingkungan
dapat menjadi pertimbangan dalam pengambilan
keputusan untuk pengelolaan wilayah pesisir
(coastal zone management/CZM) secara lestari.

KONSEP DASAR PENILAIAN EKONOMI
SUMBERDAYA

Nilai sumberdaya pesisir tropis e.q mangrove
dan coral reef ditentukan oleh fungsi sumberdaya

]

tersebut. Sebagai ilustrasi Barbier (1993)

. mengemukakan kegunaan “Coastal Wetland” di

Nicaragua seperti tercantum dalam Tabel 1.
(terlampir). Dari nilai ekonomi tersebut dapat
dinyatakan bahwa tingkat kompleksitas teknik
penilaian ekonomi akan selalu dihadapi dalam rangka
pengelolaan sumberdaya wilayah pesisir, sehingga
pendekatan antar disiplin (interdisciplinary ap-
proach) diperlukan dalam mengelola wilayah pesisir.
Terdapat tiga kategori penilaian ekonomi yang
digunakan dalam memecahkan masalah-masalah
kebijakan wilayah pesisir (Barbier, 1993) yakni :

1. Impact analysis yakni kerusakan yang
diakibatkan oleh suatu kegiatan pada sistem
pesisir, khususnya berupa dampak lingkungan.
Misal : penilaian kerusakan lingkungan pesisir
karena tumpahan minyak. A

2. Partial valuation yakni suatu penilaian alternatif
alokasi sumberdaya atau proyek yang
menggunakan sistem pesisir/sumberdaya, dengan
tujuan mendapatkan pilihan yang terbaik pada
pemanfaatan sistem sumberdaya pesisir.

Contoh : pemilihan alternatif antara pemanfaatan
sistern/sumberdaya pesisir untuk usaha perikanan
karang vs pariwisata bawah laut/karang.

3. Total valuation yakni penilaian ekonomi secara
keseluruhan dari sistem pesisir. Pendekatan ini
dilakukan dalam menentukan nilai ekonomi total
dari cagar alam dalam akuntansi sumberdaya
nasional.

Wilingness to Pay (WTP) dan Willingness to
Accept (WTA)

Total kesejahteraan sosial (Total Social Wel-
fare) dari konsumsi barang dan jasa adalah sama
dengan jumlah WTP dari setiap individu yakni area
pengeluaran (OXPb) dan consumer surplus (Pba).
Dengan menggunakan harga (P) dan konsumsi (X)
maka didapatkan minimum dugaan utilitas
(kegunaan) dari pemanfaatan faktor lingkungan.
Consumer surplus perlu dimasukkan untuk
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Tabel 1. Uses of coastal wetland characteristics: North Pacific coast mangroves, Nicaragua

Forestresources
Wildlife resources
Fisheries

Forage resources
Agricultural resources
Water supply

% 33 < &

Functions/Services

Groundwater discharge
Flood and flow control
Shoreline stabilization
Sediment retention

Nutrient retention

Water quality maintenance
Storm protection/wind break
External support
Micro-climatic stabilization
Recreation/tourism X
Water Transport X

Diversity/Attributes

Biological diversity X
Uniqueness to culture/heritage

T R R
Cy: X =low

XX = medium

XXX = high

A INDIVIDU

_Consumer Surplus

Pengeluaran

Konsumsi

0 X

menangkap nilai keseluruhan bagi individu. Bila
faktor lingkungan dinilai nol (P=0) maka consumer
surplus meliputi area yang besar. Bila lingkungan
rusak maka utilitas yang hilang besar juga. Con-
sumer surplus merupakan wilingness to pay di atas
biaya konsumsi/pengeluaran konsumsi. Sedang to-
tal WTP merupakan penjumlahan consumer sur-

EEESHETE

PASAR

Total Willingnes

‘to Pay (WTP)

Permintaan Pasar

plus dan pengeluaran konsumsi pada pasar. Ben-
efit sosial dapat diukur melalui fungsi permintaan
pasar. WTP menggambarkan kemauan pasar untuk
membayar konsumsi barang dan jasa. Secaraumum
konsep WTP dipakai pada situasi konsumen/user
tidak memiliki “property right” dari sumberdaya/
lingkungan (public goods).
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Sedang WTA adalah jumlah pembayaran yang
dapat diterima/kompensasi agar individu menerima
situasi sekarang. Konsep WTA lebih relevan bila
kepemilikan sumberdaya pesisir/lingkungan jelas.

Maksimisasi Kesejahteraan Sosial (Social
Welfare)

Barang dan jasa yang dipasarkan dalam
kondisi pasar yang tidak terdistorsi akan
mendapatkan harga yang menggambarkan harga
yang sebenarnya untuk masyarakat. Nilainya sama

price). Ditinjau dari produsen maka marjinal cost
meningkat bila output bertambah sehingga marjinal
cost yang menggambarkan supply digambarkan
meningkat dengan bertambahnya supply. Harga
ditetapkan di atas biaya maka daerah di atas kurva
supply dan di bawah harga disebut sebagai
Produser surplus (PS).

Kesejahteraan sosial total diukur dengan
menjumlahkan PS dan CS dan nilainya akan
maksimum bila marjinal sosial benefit (MSB) sama
dengan marjinal sosial cost (MSC). Seperti

dengan nilai pilihan terbaik (best alternatif) atau  digambarkan sebagai berikut :
disebut sebagai “social” opportunity cost (shadow
A
Marginal Soc. Benefit Total Costs
‘ Total Benefits
>,,. Marginal Soc. Cost
1
A
Market Supply
cs
P
PS
Market Demand
e >

Quantity
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Nilai Ekonomi dan Metoda Penilaian

Dalam pendekatan penilaian secara ekonomi
dibedakan 3 kategori yakni: a) analisis dampak (im-
pact analysis), b) partial valuation, dan c) total
valuation. Impact analysis merupakan bagian dari
suatu penilaian. Dalam “partial valuation” digunakan
cost-benefit analysis untuk memilih alternatif terbaik
dalam penggunaan sumberdaya wilayah pesisir.
CBA bertujuan untuk memaksimumkan
kesejahteraan sosial dengan cara mengalokasikan
sumberdaya seefisien mungkin.

Kriteria yang digunakan dalam evaluasi
kebijakan adalah sebagai berikut :

1. Net Present Value

NPV = i(Bt—Ct)/(H—r )

=0

NPV =Bd+Be-Cd-Ce-Cp

dimana:
Bd =Benefitlangsung dari proyek
Be =Benefit Eksternal/Environmental
Cd =Biayalangsung
Ce =BiayaEksternal/Environmental
Cp =Biayaproteksi lingkungan

2. Internal Rate of Return (IRR)
T .
NPV =Y (Bt—Ct)/(1+IRR ) =0

=0

3. Benefit Cost Ratio

I 1
s BY (1 + r)
BCR = 4=
scr @+
t=0
4. Least Cost
T T
Z ¢ 2. 0+eF Zo ¢ RYUS
t=0

Dalam Total Valuation Approach dilakukan
penilaian ekonomi dari seluruh sistem sumberdaya
pesisir. Tabel 2 menunjukkan konsep yang
digunakan dalam Total Economic Value.

TEV =TUV +NUV

e Total Economic Value = Total Use Value +
Non Use Value
UV =TDV+TIV+0OV
e TDV - Total Direct Use Value : - Extractive
- Non extractive
e TIV - Total Indirect Use Value

e OV - Options Value - Potensial untuk digunakan
di masa depan.

NUV terdiri dari :
a. QOP - Quasi Option Value
- pilihan untuk menghindari destruction yang ir
reversible.
b. BV - Bequest Value
- preservasi dari natural heritage (warisan alam)
(tidak didiskon).
c. EV - Existence Value
- nilai dari ilmu pengetahuan tentang ekosistem.

Nilai Ekonomi dari Penggunaan Ekosistem
Pesisir :

Tabel 3. menunjukkan bahwa total nilai
ekonomi bervariasi yang diakibatkan oleh perbedaan
penggunaan yang multiple dan sering terjadi
penggunaan tersebut non compatible.

Metoda Evaluasi/Penilaian Ekonomi

Beberapa metoda penilaian ekonomi disajikan
pada tabel 4 berikut :

Sebagian dari metoda yang disajikan pada tabel
tersebut berdasarkan “coast based & approach”.
Hal ini dilakukan karena sulithya mengkualifikasikan
benefit sehingga metoda tersebut hanya menangkap
sebagian dari fotal economic value. Namun
demikian masih sangat berguna sebagai alat
pengambil keputusan.

1. COP (Change on Productivity)
Perubahan kualitas lingkungan berpengaruh
terhadap produktivitas dan biaya produksi.
Diukur net and effect dari produksi pada saat
dengan proyek dan tanpa proyek.

2. Human Capital (HC)
- Identifikasi pollutan yang menyebabkan sakit
- Tentukan hubungan dosis-response dan kejadian
- Ukur jumlah populasi yang terkena resiko
- Hitung kehilangan waktu produktif dan

pengobatan
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Tabel 2. Primary data sources and calculations for the valuation estimates, by biome and service type

Methods Purf
GNP/
Location capita

BlorService  Primary

References
Open ocean (33,200 million ha)

s paper, see noles  econormic sotivly Workd

3 oot wertd

14 Biokgical Corbrod  this paper, see notes  Repiscament cost Workd

13 Food produciion  this paper, see notes  Markat valus workd

14 Row Mcdorisis U5 paper, Soe roles  Limestons prockict werkd

17 Cutiurnd value this paper, ses naxes Ret extale vaiue U.S o assurmptions abwud resd of werkd

Estuaries (180 million ha)

3 Disturbence regristion
Thibodesu & Ostro (1581) cammge provesta Netherionds
de Groot (1982}
& Nusient Cycling
this paper, ses notes repiacement cost giobal
1 Blokogient GO et o1 . (1996) gt
12 habibat befugia
ey do Groot (1992) maketpica  Netherands
13 Food Prodiuction .
commarcial fishéng Gren & Sodergvist (1994 Regional income  #aly
price Ketherisnds.
de Groot (1992} :
moseet e markstpice  Weterands
maskat price Workd

de Groot (1562)

16 Recroation
: Regionat income Ry

Gren & Soderguist (1954 '
nonconpumpive  te Grom(1382) sttt price  Netherianan
17 Cuturt

o Grook (1952 WTP Ketertands
sciontiic use de Groat {1592) markst price Nethesiands

0 Tois Ecomysien .
primny production Costarnza & Faber (1569)  Ehe/Sy anehysis  USA

Ssagrass/Aigae Bads (200 mition ha)

B hunent Cycling  this paper, sae noles. repacement cos  World
14 raw thatarisle W PRDET S8 RS maarked vaiug worid

Coralrests (62 million ha)
3 Disturbance reguistion  Spurges (1952)

on Auanst (1953) repiacement cost 10 miion

© Waste troabment e Groot (1952) reptacement

11 Bokogicalcontrd de Groet (192) Shadaw price 10% Galapsgos

13 Food production

fo0d prodction.  Dixon & Hodgson (1956) CBA, pross revenwes

mm McARster (1950} Gross revenuss  Philppines
wtiobeter e Groot (1992)

e mahetvalve  Gaiapegos

Constructiom;send de Grook (1992) marketvalue  Galepagos

osnamenta/bisck de Groot (1892) marketvaive  Gaizpagen

Acgsstiom trade Hoagiand eL.a, (1895) Market value Wodd

Aquadumtrade MoAfister (1950) Merketvaive  Phiippines

Harveat e Adister (1960) Exemelcosts  Philppines

16 Recreation

- adetatrossy  DFeevenies Floida, USA

R P and de n (1854) NPV curent expense  Austraiis

Corsireetrecregtion  Hoagland etal, (1595)  Consumersurpius  Austrefia

Expenditures Aubanel(1993)  Expenditures  Tahti, Mooea

Diving Dionetal (1992)  Grossrevenues  Galapagos

17 Cutrat

Seirkust de Groot (1992) Donations Goiapegos

Booksims de Groot(1992) Madket Geiepagos

Educatonfesesich de Groot (1952) Gaiapagos

Continental Shelves (2,660 million ha)

Replacement cost ‘World

& Nutrient Cycting this paper, see notes
11 Bioogicslcontrsl~ Houde & Rutherlord (1953)  pauier vaiue Workd
13 Food production Houde & Ruthetford (1953)  packet vaiue Word
14Raw materais this paper, see notes
7 Cuttural wis paper, see notes
Tropical Forest (1800 million ha)
2 Climats Reguistion Kremmer eta, {1892) Amazon
Pearce &l al, (1994) Costa Rica
Pearce etal, (1884} Indonesia
Knti2(1991)  yoginsicost  Mslaysis
Kumet(1995)  pamageavoided  Msiayeis
Pezrceetal {1594)
Pearca et al, (1294) m
Pearceet al, (1994) Moo
Pearce and Moren (1994)
Hdoran (1934) Mexico
Adger etal, (1995)
3 Disturbance reiztion Rutlenbeex {1883) eV
& water reguastion Kumeri(1995)  Effectonproduction  Maisysia
Adgeretal (1985) Damage cosls Khesdeo

Krameretal. (1985) Avoided damage Madagas

Unit Year of
values  oepmate
$3IE 3 1584
$82.1-174ha

$5ma

315

$0.08

500 1930 193

812,950 1994 1.00

] 1664 1.00
120 1951 1.09
1300 1953 1.2
450 1990 1.09
2 1985

233

=3 1893 102
190 1963 103
500 1980 1.43
20 1890 143
16 1952 154
8 1975 159
10,000-28,000

$2

500

5000 H
SahakT

Thhayr

$46 miionly 1987
oamanr

S2halyr 200
0.4 halyr

2040 milionyT

10 mionT

50 mé

475 for 2 perks
§i bilion Aus

$8 Aug per adult
>30 milion/4800 ha
18/hakt

0015 hetyr

002 her
07 hayr

5240 1625/he

5100  3048he
2030 Z405me
7400 4200Ma
7400 325351ma
7400 1882na
7400  2440ma
T 2025
4992 S1o4hayr
4902 $456Malyr
770 $Teman
2400 2
7400 25
7170 °
70§04y

Converted GNP
Cons 1984

Price Unit value
Infiat $ ha-! yr*

Standarized
unit value

$ ha-1 yr-1
$38.30

62.1.174

3500

$15.00

30.08

Totst

$556.95

$12,850.00

$78.00
$130.57

$1,331.37
$490.45
$30.00
$233.00

$25.44

$184.87
$58885
34.02
$24.57
Totat
$141.70

10,000-28,000
200

Totet

$2.80
$1820

$1,287.00
$46.30
$500.00
$5,000.00

$15.00

$0.15
50.02

Totat

Toled

$149
$250

Low High Avarage
] 578
$62 $174 5118
$5 35 5
315 $15 $15
50 50 %
57 5145 576
580 5415 s252
$587 5567 5567
1100 140 X
578 §78 578
5131 $131 s131
$30 Bk $521
s25 525 525
5185 567 5381
525 3¢ 29
$12190 e e
s1e2
$10,000 =an FRED
52 52 52
$10.002 L f
5,000 0
3500 2
558 =
558 58
57 - 7
$0
$440
$t 5440 220
pad §:
$5
0
53
527 =
7
pid 52,
crzestne
345,20
$509.00
BOPESS
$15.00
315 56000 $3.008
$0.15
soo2
s0.70
¢
s 51 st
i1
. 57 38,075
2110
52 1,431
E
39 3
88
68 A
2 2 2
70 70 %o
@31 2288 1,610
$141
3250
$228
5366
5260
$153
5201
3186
$116
$462 s482
posd $223
35
35 %
317
30
3t $17 %6
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5 Water suppiy Kumad (1995) arkel price Malaysia
6 Erosion controt Magrath & arans (1989} TEV Java
Cruz et al. (1988) TEV Phitippine
Chomitz & Kumarl (1995) Avoided Cost Equador
Dixon & Hodgson (1992) Lost come Phiipping
Chaomitz & Kumer {$385) Awoided tost Priiprine
(1933} Costof restoration India
7 Sol formation Pimentei et 21, (1995) Global
& Nutrient Cycling Chopre (1993) Experimental data India
9Waste treadment Pimentel etal. (1996} Global
13 Food Kumar (1985) Markel price Maisysia
Lampleti & Dixon (1995) TEV Many
Pinedo &l (1992) Pesy
Lampietti & Dixon (1995) Net gnd gross incoma
Godoyet 2, (1933) Net income Peru
14 Raw materials Adgeretal. (1505} Netincome Medco
Pearce etal, {1994) CostaRica
Chopea {1963} Price of aliermate india
Pearce etal (1994) Indonesa
Pearce etal. (1954) Redco
Pineto-Vasquezetal (1852} Net revanue Pesu
Goday et al. (1983) Netend Grossincome  Braxil
Grimes, Loorrés et f {1954) Netincome
Badoyet af, (1983} Metand Gross incorme Inddia
Chomitz & Kumnari (1995} Netingome Inda
Gaoday et al, {1950) Netincome indonesia
Godoy et al. {1583) Netincome Mexica
Godoy et at. {1693) cw Srisnka
Lampletti & Dixon (1205) Nt ind Grogs kscome
15 Genetic Resources Pearce et al, (1994) Malaysis
Pearca etal. {1994) Hexico
Adger et al. (1995) Option vt Mexico
Peasrce & boran (1955)
Godoy et i, (1953) Market value Belize
Famworthetal (1983) Markat velue us.
16 Recreation Adgeretal, (1995) 33 Mexico
A { & Mondelsohn (1291) Costz; Rica
Pearcaet 2l (1894) Costa Rica
Edwards {1991} Hedonic demand
Chopra (1593} dats Incin
Brown and Henry (1993) Vaswe
Kumar (1995) Harket price alzysia
Pearceetal (1994) Mesico
Adgeretsl, (1995) Consumer surphus Mexico
Echeverria ot o, (1985) VM Costs Rica
Lampiets & Dixon (1995) TCM GostzRica
Lampietti & Dixeny (1995} YO Kenya
Kramer et af, (1997) ToM Nadagzs
Krarneretal, (1992) RUM Hadages
eamer et al, (1092) oM Hadagis
Lampietti & Dbon (1995) Moo
17 cutural Adgeretal (1895} cvi Mexdco
Pdper 3, (1995) owa Viedco

Temperate Forest (2955 million ha)

2 Cemate reguition Pearce and Moren (1294)
Adgeretal. {1965) Avokdeddemage  Mexico
4 Water reguiation Adger etal, (1995) Damege costs Nexico
750l formestion Pimentel et al, (1995) Global
9 Wasle trestment Pimnentel ot 21, (1998) Globa!
11 Blologica! Corstrol Fienentel et ], (1995) Globia!
13Food prockuction Lemiplett 21 Dixon (1995) cvi
A Raw matesials Shema (1892) Gioba!
16 Recreation Hanley (1588} TCH, TVM
{1978} o us,
17 Cuttural Pope & Jones (1990) lewiingness  U.S.
Adgeretal, (1895) CVM Wexico
Adger et al. (1995} cw Mexks
Grasslands/Rangelands (3898 million ha)
1 Gas raguiation
1.C02 s: \1 o U.S.cental
Burkeet o, (1989) grnsiand
Fankhauser & Pearce (1884)
2 Nox Sata & Parusia (4 Opportunity cost U.S. contrai
Wosieretal, (1991) grassiend
Fankhauser & Pearce (1994)
3.CHe Sulad Parusio (1998) Opportunitycost 4.5, contral
Mosieretal (1991} grassiand
Faniheuser & Pearce (1954)
2 Climate reguigtion P Py Op; dycost  U.8.central
Northaus (1954) gromsland
£ VWater reguiation Jonez el 8 (1965} Opportuntly cost
Ssia et al. (1958) Vigh Pl
Oesterheid et 2], (1992)
& Eroson sorerot Barrow (1931) Netrent U.S. certrmd
Pimantsl (1995)
Sala & Paruelo (1996)
Soowes e el (1985)
7 S0 formation
(€ accumutation) Sazd Paruelo (1995)  Opportunity cost NE
Burks et a1, (1596) Cobrado
Ioried o, (1985)
Fardhauser & pearce (1994)
L L (¢ Giobel
) Pofiraion Pimerdetetal (1905) Giobe!
1% Sinogical control Pinentatet ol, (1055) Giobs!
13 food prociution US Degt of Comm (1895) Netrent 1.5, central
gressiand
shndsend sizing
15 Geretic resources Pesrings {1995) Netrent Glodal
16 Recrestion
1, Hinglecotouism Cowing st &, (1096)
) Higging et el (1855) WTP  SouthAfricen Fynt
2 Hunting {# WP (usay
3. Wikiife viewing Pesros & Moran (1964) WTP

Tidal Marsh/Mangroves (165 million ha)

3 Digurbance rogutetion
Sciad marsh
storm protection Fasber & Costanza (1957)
Costarza et sl (1988)
Farber & Costarza (1857)
shoreine prot fero Dugan {1890}
Mangroves
(1982)
§ Waste egtment
Tkl marsh
Tokal (orgeNeP) de Groot {1992)
12 habEatirefugin
Tkl marsh
Fishshrenp de Groot (1992)
Manproves
Kutsery Chvistensen (1982}
13 foodd proguction
Tids! maersh
Commerciai fishing Hickeman (1980}
Costanznatal. (1585)
Farber & Costerze ot ol. (1987)
Gossetink (1574)
Wichieely (1555)
Stroud {1970)
Lynne & Conroy (1876)
Beli (1989}
Gosselink ot 8. (1574)
blue crab Lynnoet sl (1981

Drimage setimation USA
WP ISA

Ui
Damage estimation
Replacement UK
Subet, Cost L]
repiacementconts  Natheriends
maskel price Nethertands
Werket prica Thettand
usa
WP Ush
Wacket price
Mackat price USA
Marketprice
Dockside price USA
Dockeids price usa
Dockeide price. USA
Masket price USA
Dockside price USA

7400

2730

2440
4140

2440
1150

1150
1400
4822
110

310
7170

1150

770
7
3110

4892
7170
170

s
2
S5umePV
$175T2000PY
$234-588M8 PV
145
10
212
87
"
s
2
459281-18hatyr
$330halr
%
148
27
62
528
$175-230nalyr
213 5malyr
SHT14dnehr
Stithedyr
S50ty
S5-4z2malyr
52
4
£
Sthe
$36-188%anr
$1.5matyr
S0.35Malyr
52
208
04
?
12
2
- 8
1
$236028347
ey
S12maty
$1747200
$83500Yyr
$25350047
somalyr
$8 4dnayr (112
$1ATmalyr (412)
1300
$81.5nanye
[
10
&7
4
10Ty
157
55
7
$8.44mar (11}
SLTahr (12)
583 1984
[ 1984
005 1904
X1} 1954
24 192
2 1962
12 1994
57 1964
= 1694
6 1984
54 1992
o 1562
08 1904
03t 1982
04 1981
1 1983
474 198
2 195
450 1961
150 1990
-] 1963
12 1881
100 w77
10 ]
7 198
o 1983
07 )
0 %
212 19
7 18
1020 196
23 1955
03 1975

$5.831

$a.41

52

$1.20
$87.00
280

$57.04
oot

$0.80
$0.44

Yotal

Tota!

38

Total

s

8.8578

$8

§5
$10

$87

38

$1

$0
$1

$8

$657
510

587

$75

$1,014

$112

$e82
%3

$32

3315

$41

$112
$2
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non-commercial fish Gosselink (1974) USA
Gossalink (1874) usa
squacutiureloyster Foster (1678) Marg. Vekie USA
Mangroves
c ] v (1982) Marke! price Thaliand
uitebosk (1988)  Merket price Indonesia
Hamifton & Snedaker (1984) Market prica Trinidad
Tobago
Hamitton & Snedaker (1884)  Market price il
Hamifton & Snedaker (1984 Harket price Indonesia
Gren & Soderquist(1994)  Indirect (househoid)  Indonesta
Hamition & Snedeker (1984] Market price Australin
trapping/hunting Rultebeek (1988)  Markeinonmarket  Indonesia
squacuturs Christensen (1882)  Market price Thailand
Hamiton & Snedaker (1984)  Market price Thalland
Lehman (1989}  Market price Nicarsgua
14 Raw materials
Tidel marsh
Trapping furbearers Hikman (1890) USA
Costanza et 5l {1989) WP UsA
Mangroves
harcoal Dugan (1990 RMarket price Thaliand
forest products Ny Christensen (1982) Harket price. Thadiand
woodships Rulebeek (1588)  Market exportprice  Indonesia
Hamifton & Snedaker {1584) Market price Trinkdat
Tobgo
Hamitton & Snedaker (1884) Marke! price indonesla
Gren & Soderqvist (1994) indirect (household)  indonesia
Hamitton & Snedzker (1884)  Market price Melaysia
timber Dugan (1993} Rarked price Malzysia
16 Recreation
Tidal marsh
Non-consumplion+cons Gosselink (1074)  Expendiuserbe USA
recreation (pon-cons) Hickman (1890) USA
Farber & Costanza {1987)  Travstcosts usa
Gren & Soderqyist (1894) Swenden
(1974} USA
Hickrman {1990) Usa
Gupla & Foster (1575) WTP Forrecr.tand USA
Berpstometal (1980)  Actualexp+WTP Mexico
Bel(1989) Price of recr. Land UsA
Mangroves
Recreationftourism Harifton & Snedaker (1984) Triridad
Gren &Soderquvist{1894) Tobago
Rarmilton & Snedaker (1884) Puerto Rico
Total Ecosystem
Tidal Marsh
Primary production Gosselinketal, (1574)  Energyansysis USA
Farber&Costanys (1857) Enorgy enalysis UsAa
LugodBrinson(1878) Energy snaiysis usa
Costanza & Farber (1584) Energy enalysis UsA
compiets ecosyste Hickman (1990} usa
Mangroves
Complete ecosyste Hamifton & Snedaker (1884) Trinkiad
Tebego
Hamifion & Snedaker (1584) g
primary production Lugo & Brinson({1878)  Energy ansiysis USA

Swamps/Floodplains (165 million ha)

1. Gas Regulation
Swamps
Carbon sequestall Kumart (1995)
3.Disturbance Regulation
Food controt This paper, see noles
Floodplaing. P
Flood control Thibodeeu & Ostro (1881)
4. Water Reguiation
Swamps
bufer for. bri.egnt Kumart (1955)
5 Water supply )
swamps Kurmnarn (1295}
Gupta s Foster (1875)
3, waste Treatment
Swamps
Tertiary trestiment Thibodeau & Ostro (1951)
Gren & Sodergvist (1984)
Flosdpiaiis
Tertiacy treaiment iant & Robests (1999)
; : it (1994)
12 Habiat/Refugin
Endangered species Kurnart (1995)
conseny. Valun Pearce & Morn{1584)
Pearcs & Morsn{1954)

Sw‘amps

Commesciat fishing Kusmmat (1895)

Fioodpiains.

Fishand fodder Gren & Sodertist(1984)

srop & fish Barbier et s{1991)

14. Raw matesials

Svamps

fmber/ratianberr Kesreri (19095)

Froodplsins

Fiorest products Gren & Soderqvist(1894)

fushwood Barbler et s, (1897)

wood Gren & Sedergvis!(1984)

6. Recrestion

Swamps

recteedion (noncans) Thidtodezu & Ostro (1961)

Karmar (1995)

. ' Gupta & Foster (1575)

Cons + non cong & Soderqvist{18534)

mcreation {nom-cons) Lant & Roberts {1990)

& Soderqisi(1

Gren & Sodeeavisi(1984

Cutwrz!

Swamps

Total cultural Guptn & Fogter (1675)
Thivodeay & Ostro (1881)

Swamps

Compi (1284

primary Odum (1571}

Fioodplaing

Ecclogiczivalues Gren & Soderqvist (1854)

use + non Use vaiuo Grens & Soderquist (1

primacy produciion Costenze & Farber (1984)

pricary prochuction Costanza & Farber (1964}

Damagaavoided  Mslzysis

Flood damage usa

Producthiy effect  Mateysi

Treatemed
costs (7 Malzysss)
Compare wialem. UsA
Sutet. Costs usa
Subst, Cots Sweden
VTP for ermire. usa
Subst. Cost. Austriz
(Danute}
WP edtrapolated
presery. Payment usa
Man sgrsement UK
Seatiard

Sumigaterm.price  Msysa

arket price Austri
{Dancbe)
Surmarket? Az
Marke? grice: Malaysia
Los of productiv Crechasiow
Sur.markel? Afca
Markel price Austrie
(Dorute)

Adep e WTP Usa
Travel costs Walaysia

WP forrece.tandd usa
WTP Aussirain

WP for maint: UsA
TCHdep Austia
Traved coat Auria
(daribe)

WP forreai sete usa

ine. propest. Vakue
WTP usa
energy snalysis USA
USA
wieP Ausirain
energy analysis Usa
snergy anslysis UsA

8 BR®

3

1700

&3-152
5

38
400 +1500

17U
IT0-1185

{180
14572

108-138
1213
8

1890

1578

1880

1980
19570

197
1983

3

%

1878
1879

P 1
283888 88 888

BRE

113

227

143
382

13

158

1m
10z

.08

1.02
102

102

193
a8

103
103
.0

e

$16.03
$s8.12
$182.40

$66.09
$123.87
517478

$280.00
$1,961.00

$145.88
$4357

$222.83
$1.142.09
$£9.83

$20.76
$1297
$17.30
$32.41
$223.18

$922.84
$772.82
$20.85
$882.02
$884.31
$1,784.31
$448.80

$144.51
$1506.95

328527
$202.30
$309.71

§43,772.07
$1,753.80
$36,467.€3
$1.49974
$16,854.34

$713.19
$730.23
$1,3855.05
$4848.10

$285.33

334132
$11,137.73

$29.83

$104.32
$15095.01

3862569
42288
£324.09

26258

2041
$1.823.37
§1E2ss
2820

34272

$30.42
51178

$13.07

8204.83
814

$45.08

$5.584.2
wrsan

$5.801.44
$126.15
$1.831.20
s

st §1,426 $285

516 §2,762 $637

Aversge  $8 52,084 $466
$44 $145 $95

513 $1,142 $230

Avercge 528 $644 $162
s2t $1.784 $820

5265 5910 $495

Averige 5153 $1.347 $558
Vot $7.906 515469 $2.990
$1.500 $43,772 520070

$713 $4,648 $1,989
Average $1,106 §24.210 $11,029
5265 5265 $265

53,341 33341 $3,341
$11.138 $11.136 $11.138

Averege §7.240 1240 §7.240
$30 $30 330

$104 $15.085 $7.600

3423 $5.626 $3.024

$263 5324 5293

Aversge $343 52975 $1.650
$20 $1.523 s430

343 543 $43

512 so0 351
Aversge  $27 358 347
$13 513 $13

36 $205 588
Aversge  g10 $109 $49
56 $573 $342

5138 51,548 $540
Aversge S71 $1.251 3481
$L.755 $1.767 $1,761
Totd  $0,885 30,33 $19,580
$8,584 $53.840 $43340

$126 $5.501 32044
Average  $4.355 $3477% 22597
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Lakes/Rivers (200 million ha)

4Water Rogdation
Hrydropower

5. water Supply
inigation

Gibbons (1988)
Gibbons (1986

Gibhone (1995)
Globons (1986)

Gitbena (1985)
Posiol& Cacpanter (1595)
Puosisl & Carpanter (1596)

Rarke! pricas USA/
Catmbio-Sru
Market prices USA
Ternamee
Restest prices USARKs
ConskBanal® usas
bl prices usa
it prices USA
it prices USACe
bbariast pricas. Tueeon
Raloigh
Tororio
Ropiacernant cost usA
Wariez Prices Worid
harkce! prices usa

$150c 2y

- Shtuc i

Sty
85800

510wk

120

.80
.80

$1.180.00
$1810-3340

$100-2785
$122.259¢
$55-590

$1057.358
$96-570
$108.205

$1-13

Total

$1.160 $4.480 s2.e20
$1.910 53340 s2625
$3.070 $7.620 $5.445
$109 5205

$e2 82785 $1.8%2
367 $570 3318
$220 $4014 $2197
95 51226 655
844 841 541
$20 s230 230
53658 $13340 sa.408
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Table 3. Uses of coral reefs and economic use zoning

This illustrates the different proportions of each use and non-use value which could be added together in
different reef use zones to give the Total Economic value of a reef system. The relevant proportions for each
value are indicated here as multipliers which are further explained in the text

Financial Benefits
Direct Uses
Fisheries 0 0 M 1 >1 0
Aquarium trade 0 0 M 1 s 0
Curio trade 0 0 M 1 s 0
Pharmaceutical 0 0 M 1 s 0
Other Industrial 0 0 M 1 s 0
Genetic material 0 0 M 1 s 0
Construction 0 0 S 1 s >1
Tourism s 1 M s s 0
Research 1 m M m m s
Social Benefits
indirect Uses
Biological support 1 m m m s 0
Coastal zone ext. 1 1 1 4 1 0
Physical protection 1 1 1 1 1 0
Global life support 1 1 1 1 1 0
Social services 1 0 m 1 s ]
indirect costs .
Navigational -1 -1 -1 -1 -1 0
Other economic value
Uses
Product consumer surpius 0 0 m 1 s 0
Tourism consumer surplus s 1 m s s 0
Social value 0 s 1 1 s 0
Research value 1 m m m m s
Educational value s 1 m s s 0
Non-Uses
Option value 1 m ] s s 0
Existence value 1 s s s 3 0
Intrinsic value ’ 1 1 1 m m 0

“

Proportion of value can be summed for each zone:

s - some of value (0.01 - 0.50) > 1 - increased value
0 - some of the value m - most of the value (0.51 - 0.99)
1 - full sustainable value -1 - negative value

Source: Spurgeon (1992)
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Figure 2. Economic values attributed to environment - a coral reef

Total economic value

Non-Use vaiue il

Use value

Directuse Indirectuse Option value

value value
Outputs/ Functional
services benefits .

. Future direct

that can be enoyed indi- and indirect
consumed rectly

. use
directly
Extractive : Biological
caplure fisheries support o .
mariculture sea birds
aquarium trade turtles
curio frade fisheries
pharmaceutical other
other industrial . . .
construction Phthsncal rc;telctlon fo:
genetic material -othercoasta

- ecosystems
Non-extractive : B cogstlme
tourism - navigation
recreation Global life-support :
Carbon store

research
education
aesthetic

Quasi-option
value

I

Expected new
information from
avoiding irevers-
ible loss of :

J

e Species
e habitats
e biodiversity

Bequestvalue

Existence
value

il

Value ofleaving Value from

use and non- knowledge of

use values to off- continued exist-

spring : ence based on
e.g. moral con-
viction :

e Species

« habitats

e “way of life”

e connected to
traditional uses

e threatened reef habitats
e endangered species
e charismatic species
saesthetic reefscapes

Decreasing “tangibility” of value to individual

Valuation methods :
EQP
PE
PV
WD
Rep.C
oC
HC

CcP

TC

cv

EOP
PE

PV
WD
Rep.C
Rep.C
SPC
CEA

cv

cv

cv

cv

Source : Adapted from Munasinghe and Lutz (1993) and Spurgeon (1892)
Note : see table 3 - 3 for abbreviations
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- Nilai net contribution human capital terhadap  Barton, D.N. 1994. Economic factors and valuation of tropi-

produktivitas
3. Opportunity Cost Approach (OC)
- Dengan CBA tentukan net benefit dari proyek
bila positif selanjutnya
- Nilai benefit dari preservasi
- Bandingkan keduanya

DAFTAR PUSTAKA

Barbier, E.B. 1993. Sustainable use of wetlands-valuing
tropical wetland benefits. The Geographical
Journal 139.

Tabel 4. Project Level Valuation Meth‘ods (adapted »from» Dixon (1988))

cal coastal resources. University of Bergen.

Spurgebn, J.P.G. 1992. The economic valuation of coral
reefs. Marine Pollution Bulletin 24.

Munasinghe, M. and E. Lutz. 1992. Environmental eco-
nomics and valuation in development decision mak-
ing. World Bank Environmental Working Paper 51.

Dixon, J.A. and G. Hodgson. 1988. Economic valuation of
coastal resource. El Nido Study. Tropical Coastal Area
Management 5-7.

" L. Generally Applicable Technigues

g EL Potentially

1. Using conventional market value of goods

and services directly affected

(i) Change-in-productivity approach/Effect on
production {EOP)

(i) Loss-of earnings/Human capital approach
(HC)

(ii\) Opportunity cost approach (OC)

2. Using the value of direct expenditures (cost
based)
(i) Cost-effectiveness analysis (CEA)
(i) Preventive expenditure (PE)
(illy Compensation paymentis (CP)

1. Using implicit or surrogate-market values-
indirect approaches
(i) Froperty-value and other land-value ap
proaches (PV)
(ity Wage-differential approaches (WD)
(i) Travel-cost approaches (TC)
(iv) Marketed goods as environmental surro
gates (ES)
. Using the magnitude of potential expendi
tures (cost based)
(iy Replacement costs (Rep. C)
{il) Relocation costs {(Rel. C)
(ili)y Shadow-product costs (SPC)

ML Survey-Base Methods

Contingent Valuation (CV)-hypothetical markets
and situations

(iy Bidding games

(i) Take-it or leave-it experiments

(iii) Trade-of games

(iv) Costless choice

(v) Delphitechnigue

1. Energy theory of value-energy-analysis (EA)

11
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Tabel 5. Integrated quantitative analysis and information flows

ECONOMIC and ECOLOGICAL SYSTEMS Interaction

Policy evaluation Indicators (I-V1) and linkages (1-8) Quantitative analysis examples
method/criteria

I. Coastal management options/instruments

Multi sectoral CGE I/0

" g 4] Inlage Social economic : —
partial equilibium lincar

Il. Resource user Incentives/Indicators  (2)

Cost benefit analysis Institutional/manets (i) programming
(vi) technology
Economic valuation distributional {iv)
methods : others (v-vii)
(Sa) (

Relative prices/rates of return (i-ii)

l >\ 1L Impact on flow indicators

(7b)

T @
(9c) v lmpact on non-biological stock and o
> ambical quality indicators Ecological :
dispersion/transport ?
E—
(o) \ 3 )
j: V. Biological exposure indicator

@) | )(5b) Dosage-response  ?
£ (6) Inlage =)

VI. Impact on biological stock indicators
(receptors) Biological stock models \__;

> Bioeconomic models  ?
—

? damage functions ~—?
<&

J U ( /  Biogeophysical processes (including humans as part of ecosystem)
\/ o = Information feedback from natural system to resource users

Information flow from system indicators to quantitative analyses/models

Source : adapted from Barton (1993, unpublished)
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Table 6. Recent examples of economic values placed on tropical / sub-tropical wetland systems and wetland

ecosystem products

Louisiana, USA

value in fossil fuel equivalents

| .on.-resources: | ‘
~ (USS/ha/year)
Complete wetland ecosystem 6980 | Forestry, fishery and other | World Bank (1988)
Philippines prods.
Forestry products 2] Lal (1989)
Fiji
Other wetlands products 30 | - Pelts Costanza ef a/ (1989)
Louisiana, USA
Fishery/Aquacuiture
Louisiana, USA 80 | - Commercial Costanza ef al (1989)
Fiji 160 | - Artisanal and commercial Lal(1989)
- Marginal productivity
- Value commercial Bell (1989)
Florida West, USA 88" - Residual rent of oyster
Thailand 24000-39000 | mudflats from e.g. nutrient | Baker and Kaeoniam §
flow from adjacent systems | (1986) |
including mangroves
Recreation
Louisiana, USA 110 | - Gross economic value Bergstrom (1990)
conts. Surpl. + expendi
. . tures)
Florida West, USA 197 - Marginal output of reer. Bell (1989)
Services
Storm protection
Louisiana, USA 1710 57 Farber (1987)
Louisiana, USA 317 Costanza ef al (1989)
Capturale biodiversity 1500 | - Inputed from WTP Ruitenbeek (1992)
Indonesia - Surveys of international
donors for rainforest conser-
vation
Energy value 1258-2093 | - Gross primary productivity | ~octanza et al (1989)

Note : Values as reported or calculated to per hectare per year,; figure from information found in studies

13




GIS and the Value of Everything

Valuasi ekonomi sumberdaya....... (1 - 34)

scar Wilde wrote that a cynic is “ a man
O who knows the price of everything and the

value of nothing. “Several environmental
scientists, economists and even geographers have
attempted to put a price tag on the planet’s ecosys-
tem goods and services (Costanza, 1997). As Pimm
(1997) notes, these academics are no cynics them-
selves. They realize that the true value of ecological
life-support systems is, in one sense, infinite. Sim-
ply put, humanity wouldn’t survive without them.
However, the scientists also believe that it’s instruc-
tive to list the replacement cost of the ecological
system services that are vital to maintaining and sup-
porting Earth’s flora and fauna. How did they at-
tempt such a Herculean effort ?

Putting a Price on Natural Systems

Examining how these scientists went about their
work provides GIS professionals a methodology for
pricing the natural systems that might be damaged
by building a highway through a national park, for
example. This would be vital information in any cost-
benefit analysis.

The scientists first step involved determining
which of the main ecosystem goods and services
they would evaluate (Daily, 1997). They identified
17 major categories including gas, climate and wa-
ter regulation; disturbance regulation (e.g., amelio-
rating the effects of floods and other extreme envi-
ronmental events); water supply; erosion control and
sediment retention; soil formation; nutrient cycling;
waste treatment; pollination; biological controls (e.g.,
prey/predator dynamics); habitat refugia for tran-
sient and other populations; food and raw material
production; genetic resources; recreation resources;
and cultural resources (the aesthetic, artistic, edu-
cational, spiritual and scientific value of ecosystems).

Sixteen primary biomes or ecosystem types
were identified. These were then split into marine
and terrestrial ecosystems. In turn, the marine sys-
tems were divided into open ocean and four coastal
categories: estuaries, sea grass/algae beds, coral
reefs and continental shelf areas. The terrestrial sys-
tems consisted of two forest systems tropical and
temperate/boreal) grass or rangelands, two types
of wetlands (tidal marsh/mangroves and swamps/

14

floodplains), lakes/rivers, desert, tundra, ice/rock,
cropland and urban areas. _

Relying on extensive previous research,
Costanza and his co-authors determined a value for
each ecosystem service/biome combination. This
figure was expressed in U.S, dollars per hectare per
year. The only task that remained was to multiply
the value per hectare by the number of hectares.
The dataset table in spreadsheet format and copi-
ous methodology notes may be downloaded from
Nature journal’s World Wide Web site at http://
www.nature.com (users must register to gain access
to the site).

Paul Sutton, one of the article’s co-authors an
a geographer from the National Center for Geo-
graphic information and Analysis at the university of
California at Santa Barbara, informed me he used a
GIS to produce the article’s world map of ecosys-
tem services. GIS also might be used to determine
the area of each biome, although it wasn’t used in
this study.

Sutton told me even more accurate estimates
might be made if NASA’s land cover dataset were
used. This dataset is being developed as part of the
International Geosphere Biosphere Program. It
appears that future ecosystem valuations will rely
more on GIS datasets and analysis.

Why Did They Do It ?

The authors note that this type of exercise,
although fraught with difficulties, helps to establish
upper and lower limits on ecosystem’s value. These
limits were determined to be US$54 trillion and
US$16 trillion per annum, respectively. In addition,
the exercise assesses the relative magnitude of eco-
system services, which - if a middle range estimate
of US$33 trillion is used - are about 1.8 times the
current global Gross National Product. The research
establishes a framework for future studies of this
kind, just as Costanza and his colleagues built on
the work of Daily (1997) and Pearce (1993), among
others. Finally, the study shows where more work
is needed and is provocative enough to stimulate
further research and debate.

One of the main analysis problems was that
the database used included no data for the desert,
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tundra and ice/rock biomes. Such huge areas as
the Antarctic presumably are yet to be included in
the analysis. Perhaps ongoing research conducted
at the University of Calgary will provide better mod-
els of Antarctica’s role in providing various ecosys-
tem services (Giovinetto, 1990). In addition,
Costanza and his colleagues believe that more eco-
system services should be considered and that more
realistic representation of ecosystem dynamics and
interdependencies will help to increase the accuracy
of their estimates.

A Bargain at Any Price

Ecologists and economists now pay more
attention to the worth of ecosystem services. They
realize, to quote Wilde again, that “no man isrich
enough to buy back his past”. Once destroyed, the
services that ecosystems provided may become
priceless.

15
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Notes to Table 2

Marine Systems

Marine systems perform many key functions, from regulating the biosphere to the processing of clements
into countless configurations of food webs, sediments, and water column forms. We have focused here on a subset
of important functions to which we felt some value could or should be assigned. These include the devclopment of
food webs leading to harvestable food and raw materials, nutrient cycling, and the role the ocean plays in rcgulanng
gas exchanges with the atmosphere. Where possible, we tried to prov:dc & range of value estimates, recognizing that
different sets of assumptions can result in wide divergence in the assigning of value, For food and raw materials
production, market values werc determined from the best available sources. For biogcochemical fluxes, we
attempted to compute replacement values if the natural ecosystems were no longer able to supply the particular
service. Finally, we used estimates of real estate price differentials (hedonic pricing) as a surrogate for the service
that marine ecosystems perform in enhancing the cultural fabric of socicty.

Some important values are more difficult to quantify than even the difficult evaluations we did carry out,
and for this reason were left out of the current analysis. This includes the assessment of value of biodiversity as
such and the services of higher trophic levels as controllers and amplifiers of ecosystem processes. Many of these
services simply have no convenient cconomic analog (c.g., what is the replacement value of a species, or species
asscmblage? surely it depends on the species and the assemblage). While acknowledging that these services are
probably important, we left them out for now.

Open Oceans

1. Gas chulatno o
Occaus play a critical rolc in the balance of global gas regulation. Oxygen and carbon cycles are intimately lmked

asare N, P, and S cycles. We focused on the role of the oceans as (1) a sink for CO9, since transfers of CO3 to the
atmosphere result in increases in greenhouse warming, and (2) a producer of methane, a secondary greenhouse gas.
A. Two estimates of CO absorption by the world’s oceans:
1) Schlesinger (1991) estimated net storage of organic C in marine sediments at ca. 0.1 x 1015 gC y'I, which =
0.366 x 1015 g COy y-1
2) Butcher ct al. (1992) discuss a simple model of the global carbon cycle, in which the net input of C to the
oceans from the atmosphere is 1 x 1016 mol y'] which =44 x 1016 gCO2 y’1
Obviously there is a large discrepancy between these estimates. On page 309 of Schlesinger, net inputs of C to the

oceans is 2.4 x 1019 g Cyl, and the atmospheric pool is 720 x 1013 g C. Thus, if the ocean were fo cease
absorbmg the nct amount of C, it would take 300 yr to double the C pool in the atmosphere, which would lead to an
increase of 3 °C. Fankhauser and Pearce (1994) estimated the cconomic cost of CO7 as $20.4 per MT carbon.

Using the most and least conservative estimates of net removal of CO7 as C in marine sediments, we arrive at
2)0.1x 1013 g Cy!=100x 105 MT y-! /32200 x 106 ha = 0,003 MT Cha'l y-!

0.003 MT Cha-1y-1x $20.4 MT-! = $0.61 hal y!
b) 1 x 1016 mol Cy-1=12x 1010m<:y-1/32200x106ha- 373 MT Chal y'l

3.73 MT Cha-1y-1 x $20.4 MT-1 = §76 ha'! y!

The average of this low and high estimate is $38.3 ha™1 y-!

B. Methanogenesis by the world’s oceans ‘
Schlesinger (1991) estimated: 10 x 1012 g CH4 y-1 = 7.5 x 1012 g Cy-1 . Fankhauser and Pearce (1994) also

estimated the price of CH4 as a greenhouse gas as $110 per MT CH4. This yields: 10 x 106 MT CH4y.1x $110
MT-1/32200 x 106 ha = $0.03 ha! y". This is negligible compared to the CO7 benefits,
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8. Nutrient cycling. v
Oceans are critical in maintaining global nutricnt eycles. Here we focus only on nitrogen (N) and phosphorpus (P).
the major “macronutrients”. While we recognize that other macronutrient cycles (eg. sulpbur, potassium, silica) and
a host of micronutricats are also important, we have ignored them in the current study, implying & conservative
cstimate. The value of the occans for global N and P cycling derives from their role as N and P sinks. 1f the occans
were not there, we would have to recreate this function by removing N and P from land runoff and recycling it back
to the land. We took two approaches to evaluating this function.

We assumed that the oceans and coastal watcrs arc serving as sinks to all the world’s water that flows from
rivers, and that the receiving marine waters provide a nutrient cycling service. If we assume that roughly one-third
of this service is provided by estuaries (Nixon eta, 1996 in press) and the remainder by coastal and open ocean,
(assume 1/3 by shelf and 1/3 by ocean), then the total quantity of water treated is 40 x 1012 m3 y~1. Replacement
costs to remove N and P were estimated &t $0.15 - 0.42 m (Richard efa, 1991 as quoted in Postel and
Carpenter 1997). Thus, the replacement cost for each biome's (1/3) contribution to the total value is $2.0 x 1012.

$5.6 x 1012 By hectare, the value for ocean (32200 x 106 ba) is then $62.1-174 ha-l vl

11. Biological Control
See data (Note 13, below) on estimates of fish production. We assumed that the coatrol function of upper trophic

levels is at least 30% of the value of the catch (even though the production in those trophic levels is 3-5 times the
catch) (Source: R. D'Arge, personal communication), yielding an estimate of §5 ha'l y'l

13. Food production
The following table summarizes data on global fish production, catch and potential catch for both upwelling and

open oCcan areas.

Ecosystem  Arca Pr.Prod FishProd. = FishCatch  Potential Catch ;
(108ba) @Cm2y1)  @mlyl)y @mlyl) @m2yl)y MThlyl)
(1988-89)
Upwelling 5 - 235 232 3.54' 497 0.0497
Oceanic 332 57 2.46° 0.256 0.59 0.0059

Source: Houde and Rutherford 1993 (except for footnotes).

These numbers are probably as good as we can get, and arc probably within a factor of 5. Average 1993 price,
calculated from imports and exports of total marine fish catches (by continent) is $2.28 kg~! (£ $1.18 s.d.)

(FAOSTAT Database Collections {(on WWW). The value of fish catches, in $ ha’ly'!, is assumed to be the average
price times the quantity (sec main text for a discussion of this assumption). Thus for the total potential catches in
these biomes, the valuc is:

. L.Also not given by Houde and Rutherford. I used the catch values provided in Table | in Pauly and Christensen
for total catch in 1988 and divided that by the shelf area given in Houde and Rutherford (which is 6 times the area
of shelf determined by Pauly and Christensen, 1995).

.  This number is likely to be a gross underestimate of ocean fish production, since it assumes production 2.5 trophic
levels beyond primary producers. Most of the open ocean fish biomass is not commercially harvested and is
composed of secondary consumers (c.g., myctophiids). 1f one follows the calculations of Houde and Rutherford
(1993), substituting trophic level 2 in place of trophic level 2.5, the resulting annual occan fish production is 4.66
g m-2 y-1, however, potential catch is unlikely to change since most of the “cxcess biomass™is unlikely to be
directly markctable. ‘
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4

Ecosystem  Arca Potential Catch T Valuc (MT x $2280/MT)
(108 ha) gm2yl MThalyl $halyl
" Upwdlling 5 497 00497 13
Oceanic 332 059 00059 135

Arca weighted average (upwell +open)  $15

14. Raw_materials A
Considering only one product, i.c. the formation of limestone in shallow ocean basins (and then “spreading” it out
over the entire ocean floor): ‘

Estimate #1. Source: Holland 1978: 0.5 mg cm2 yr’1 =5gm? yr‘1 (from a study by Broecker and Takahashi
1966 on Bahama Grand Banks)

Estimate #2. Source: Schlesinger 1991, 1.5 x 1013 g y~! (taken from Wollast 1981.) divided by the area of ocean =
332x1012m?=452gm2y!.

These estimates are roughly cquivalent to 0.05 MT ha"l y!, The market price of limestone (f.0.b., determined by

telephone interviews with quarry managers) is approximately $10 MT-L, If we assume that 84% of the price covers

capital and labor costs, then the ecosystem “valuc added” amount is worth $1.60 MT-1+ The estimated value of

oceans for limestone production is: 0.05 MT ha~! y~1 x $1.60 MT-! = $0.08 ha! yl.

17. Cultural Values
As reflected in literature, song, education, and other ways, humans place tremendous value on coastlines and
oceans, One tangible economic manifestation of the cultural value placed on these ecosystems is the willingness to
pay for real estate in proximity to. estuaries and oceans, compared to the price of comparably sized inland real estate
(all other things being equal). Price differentials between inland and waterfront properties in a rich and a poor part
of the United States were collected, We then assumed that this differential would be valid for the world's wealthy
nations (developed) and would be 100 times lower in the remainder of the world's nations.

California: $0.5 x 106/ 0.046 ha = $10.8 x 106 ha-!

Alabama: $0.1 x 106/0.186 ha = $0.54 x 106 ha-1
Coastline:  “Developed™ 194,435 km
“Undeveloped™ 284,795 km
Assume that the value extends from the shoreline and back 0.5 km from shore. Then the area of real estate is

Developed ~ 9.7x 105 a

Undevel. 142x 100 ha.
Using the spread in real estate price differentials above, and assuming prices are 100 times less on undeveloped
lands, we obtain

Developed values (fotal):  $5.24 to $105 x 1012
Undeveloped: $0.077 to $0.158 x 1012
Total value: $53210105.2x 1012
If we divide this value by_ the area of all marine ecosystems except the open ocean (4102 x 106 ha) and amortize

over 20 years, the areal values become $65 to $1282 ha-1 ycatr‘x for estuaries, shelves, coral reefs and seagrass
ccosystems. If we instead divide this value by the total marine area (36.302 x 106 ha), then the annual value “flow"

is $7t0 $145 ha"l y~! or an average of $76 ha'l yl
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‘Estuaries

Extrapolsted from estimates in Thibodesu and Ostro (1981) and de Groot (1992) on damage prevention in the
Netheriands. -
ient gyelin

As we did for oceans, We assumed that the oceans and coastal waters ere sesving as sinks to all the world’s water
that flows from rivers, and thst the-receiving marine waters provide a outrient ¢ycling service, If we assume that
roughly one-third of this service is provided by estuaries (Nixon et al. 1996 in press) and the remainder by coasial
and opea ocean, (sssume 1/3 by sheif and 1/3 by ocean), then the total quantity of water trested is 40 x 1012 m3 y-
I, Replacement costs to remove N aod P were estimated 2t $0.15 - 042w  (Richard et al. 1991). Thus, the
reptmcmfamhmms(la)mmwmcwmkm:1012 $5.6x 1012, By bectare,

the value for estuarics (180 x 106 ha) is then 11,100 - $31,100 ha'l y"l

[3

- See data (Note 13, below) oa estimates of fish production, and notes for Ocean for assumptions.

Arcs Production Vahe
(ode)gm2yl)  Ghalyl)
1.8 392 $78

13, Food production
Sce notes for Ocean for methods and flurther details

Ecosystem  Arca Pr.Prod FisbProd.  FishCatch  Polential Caich
(8ks) (ECmlyl) - g;;:sag)‘) Gz2yh) @ulyl) MaTostyt)

Estuaries 18 354 392 85 182 6102

Source: Houde and Rutherford 1993 {except for footnotes),

Ecosysiem  Am2 Potential Catch Value (MT x S2260/MT)
(108 be) gm2y! MThetyl $haly!
Estusries 18 102 0.102 $233
14.Raw materials

The main resources harvested in estuaries are shell (used for hardening trails, indurating rosds, mortars and
fertilizers); sand for construction of dikes, rosds and as fill for residential areas. de Groot (1992) estimated the total

value of these products at $25 ha"! y°!,
16. Recreation

Estuaries provide space and suitsble environment conditions for many recreational activities and the maintenance of
the natural qualities of the area is & prerequisite to safeguard their continued attractiveness for most of these

’ n.b. This estimate not given in Houde and Rutherford for the world’s estuaries. For this, | used the total animal
catches (for 1988) listed under coastal and coral systems , and the disdromous catches under freshwater systems,
given by Pauly and Christensen (1995).
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recreational activitics. The most common recreational activitics are:  boating, windsurfing, sportfishing, game
hunting and shore-beach recreation. de Groot (1992) estimated the total value of these activitics at $195 - §567 ha”

1y, with an average of $381 pa-l y-l
17. Cultural

Many estuarinc areas are important sources of historic information as well as scientific and artistic studies. de Groot
(1992) estimated the total value of these activities at §25 - $34 ba-l y!, with an average of $29 ha'l y-t

Seagrass/Algae Beds

8. Nutrient cycling
For calculation methods, see notes for Ocean, Area=200x 106 ha, value= §10,000 - 28,000 ha-1 y‘l.

11. Biological Control
Not estimated, but probably considerable value.

12. Habitat/Refugia

Not cstimated, but probably considerable value.

13. Food Production
Not estimated, but probably considerable value.

14. Raw materials ,
Norse (1993) states that seawceds, agar, and caragecnans are worth $400 M y-l- Dividing this by area of
scagrass/algac beds (see note 8 above), we obtain § 2 ha-1y1,

Coral reefs

General
Coral recfs are highly productive, diverse and attractive ecosystems producing 8 wide range of valuable goods and
services. From the studies that were found, the services of disturbance regulation and recreation were particularly
well quantified. Food production constitutes another important and quantifiable benefit from coral reefs. The
diversity of the additional values is only an indication that therc arc many goods and services still unquantified,
such as medicines and research and education. ,

Continental Shelves

8. Nutrient cycling
See notes for Ocean for assumptions. Area = 2660 x 100 ba. Value= $752 - 2,110 ha'l yl

11. Biological Control
See data (Note 13, below) on estimates of fish production, and notes for Ocean for assumptions.

Ecosystem Area Production Value
(108ta) gm2yl)  (shalyl)

Shelves 23 15.5 $ 39
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13. Food production

Sce notes for Ocean for methods and further details

Ecosystem  Area Pr.Prod Fish Prod.  Fish Catch Potential Catch
(108h) @Cm2y1)  @mlyl) @mlyly @m?yl) MTwlyl)
(1988-89)
Shelves 2 162 155 0.174 2.98 0.0298

Source: Houde and Rutherford 1993.

Ecosystem Area Potential Catch Value (MT x $2280/MT)
(108 ha) gm2yl MT ha-l y'1 $ha'l y'1
Shelves 23 298 0.0298 §$68

Terrestrial Systems

Terrestrial systems provide 2 large number of services, but valuation studies have examined these services unevenly.
Little economic information was svailable for the valuation of soil formation, waste treatment, gas regulation,
biological control, pollination, or refugia, though it is clear that these systems contribute sxgmﬁcantly to these
processes as well. Much of these contibutions that we lack information for, however, are included in larger scale
studies and are included in the taily for total, global ecosystem services.

Forests

General :

Forests have obvious direct usc values, as a source of many harvestable products, ranging from timber to
food aud drug produc&s Tbey have a more indirect value by providing a variety of ecosystem services. Through
their role in moderating rainfall impacts and water absorption, they enhance geophysicai stabilify, reducing erosion
of soils. Excessive erosion would not only interfere with aquatic processes but would reduce soil fertility itself and
impede normal nutrient and hydrologic cycling. They provide valuable air purification functions, removing lead
and other potential toxins from the atmosphere. Forests protect against pest infestations and help assure quality
water supplies. Trees are important in water storage processes stonng water themselves, playing a critical role in
evapotranspiration, and providing pathways for water retention in subsurface reservoirs. The result is a more
reliable and constant flow of water downstream, reductions in peak flooding events and a larger average stock of
available water supplies. They provide important climate regulation services from local to global scales. These
services are a result of transpiration processes, albedo and roughness effects, and carbon cycling. Local rainfall can
be reduced as a result of deforestation, since water storage and evapotranspiration are diminished. Forests serve to
protect against storm damages, acting as windbreaks and creating roughness effects in diminishing storm intensities.
Global warming potential from deficiencies in carbon sequestration capacity is well known, Forests provide option
values associated with support of species and genetic diversity. They also have broader cultural values through their
importance in fotklore and broad cultural support.

Valuation of services of forests must take the types of service flows, such as timber and climate regulation,
and assign monetary values to them. These monetary values can be of two basic types: benefits received or costs
avoided by provided equivalent services in another manner. For example, the benefits received marginal value of
timber would equal stumpage values; i.e., market prices of timber net of harvest costs. The costs avoided marginal
value of timber would be cost savings from using timber rather than other structural materials. ' In well functioning

markets, these two valuations would be approximately similar at the margin. Climate regulatxon values, for which =

there are no well-defined markets, can reflect benefits received, measured by enhanced incomes, reduced pr ¢
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prices or damage costs avoided, such as health costs. Altematively, costs avoided valuation would include the cost
savings from not having to control carbon dioxide emissions in cconomic processes, In well functioning social
policy markets, these two valuations would be approximately similar at the margin. However, this may be less
likely than the assumptions for well functioning markets for material comumoditics. There is considerable debate
whether the benefits of climate control exceed the costs of control.

As with othcr ccosystem types, the services and values of those services are not globally homogencous.
Brazil nuts arc harvested in Brazilian rain forcsts but not in Madagascar. Erosion protection of fisheries may be an
important function in Mexico but not equally so in all forested locations. Furthermore, valuation of those services
may differ significantly, depending upon supply and demand conditions and incomes. Spatial gencralizability of
valuation results is inhereatly problematic (Pearce and Moran, 1994).

Services of ecosystems are flows stemming from the natural capital stock. Therefore, services have an
inherent “sustainability” connotation. Keeping with this implication, scrvices of ecosystems can be valued on a
“sustainable basis. Forests have value for their sustainable flow of timber raw material, food products, carbon
sequestration, crosion control, ctc. It is highly dcbatable whether existing flows of services, particularly timber, are
sustainablc. We have attempted to use cstimates of sustainable services flows in estimating forest service values
below.

2. Climate Regulation
Estimates for the climate regulation value of forests were based largely on averzge damage zvoided cost

studies (c.g., Lampictti and Dixon 1995) or avoided costs of alternative controls {¢.g., Krutilla 1991}, These studies
typically estimate the carbon storage capacity that would be lost under various forms of forest degradation, and
relate that to future damages or current costs avoided.  So forest conversion to other land uses, such as agriculture
or pasture, releases a flux of carbon during conversion and reduces global carbon storage capacity. For example,
Adger, et al. (1995) cstimated the avoided climate related damages from losses of forests in Mexico at $62 per
hectare per year. Indexing to $1996 results in an estimated damage cost savings of $70 per hectare per year.
Krutilla (1991) estimated the costs of altenative controls from forest loss at $4200 per hectare, implying an
annualized valuc of $336 (using 8%) when indexed up to $1996. A summary of studies of tropical forests suggest
high and low values of $482 and $88 per hectare per year, respectively, with an average of $223 per hectare per
- year,

These are partial valuations in scveral ways. While carbon sequestration in forests would be proportionate
to forest biomass, increasing loss of forests may alter other ecosystems so dramatically as to change their function in
the carbon cycle. For example, forest loss may alter temperature regimes and ocean temperatures, change the
carbon cycling valuc of oceans. Secondly, damages from reductions in carbon scquestration capacity may be highly
non-linear, perhaps with damages increases more than proportional to forest loss. Finally, even if damages were
proportional to forest loss, the value of those damages may not be proportional. For example, global temperature
may be lincarly related to forest loss, and crop yiclds linearly related to temperature. However, the economic value
of crop loss may be more than proportional to that crop loss. In other words, there may be good reasoas to expect
that the marginal valuc of forests for climatc control may increase with forest loss. If so, the marginal valuation
methods used here may dramatically underestimate the economic value of total forest climate control services.

3. Disturbance Regulation

Disturbance regulation services were based on a damage-avoided cost study of Cameroon tropical forests
(Lampietti and Dixon 1995).

4. Water Regulation
Water regulation value estimates were based on damage costs incurred when deforestation leads to
reduction in water quality or fisheries production (Adger etal, 1995, Kumari 1995, Kramer etal, 1992), or on
damages avoided by forest preservation.

5. Water Supply

Only onc study was uscd for estimates of water supply service (Kumari 1995) based on market values of
water lost to reduced quality created by deforestation.

6. Erosion Control
Erosion control services of forests refer to soil retention functions. Forest loss would result in increased
siltation of streams and dams. Degradation in strcam quality would impede fishing and recreational activities, while
dam siltation results in shorter lifespans. Valuing these losses dircctly would be using the damages avoided
valuation method. Alternative valuation would use the avoided costs of mitigating siltation damages, such as
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installing sediment trapping devices. Both valuation methods have been used. For example, Chomitz and Kumari
(1995) estimated the avoided costs of alternative controls to be worth $54 per hectare in Ecuadorian tropical forests,
Adger. etal (1995) estimate damages avoided to be worth only §0.04 per hectare per year, while Dixon and
Hodgson (1992) estimated marine effects of runoff on fishing and tourism incomes. These valuations were indexed
to global incomes per capita using the Purchasing Power of GNP per Capita. High and low values were $657 and
$0 per hectare per year for tropical forests, respectively, with an average value of $185 per hectare per year.

13. Food Production _
Forest production of food products was cstimated as an average for the production of fruits, nuts, game,

and swidden agriculture from several tropical forests of Asia, Ceatral and South America (¢.g., Lampictti and Dixon
1995, Kumari 1995, Pinedo-Vasquez etal, 1992). These studies estimated gross incomes in some cases, and net
incomes, the comrect measure, in other cases. o some cases native peoples were asked their willingness fo pay for
these scrvices {Lampietti and Dixon, 1995). These are benefits type measures, and do not reflect the costs of
sccking alternative food sources in the absence of forests. These values were scaled to global incomes using the
Purchasing Power adjustment. Food products illustrate the valuation problems. For market based cultures, net
incomes reasonably reflect the value of food products. Howevever, for subsistence cultures, food products may
have an infinite consumer surplus, since human existence is the beaefit. Altemnative costs of food supplies could be
used to cstimate valucs in these cascs, but none of these estimates were available.  Furthermore, products are
unique to ecosystems.  Even if there is a gencrally marketed product, such as Brazil nuts, estimated to be worth
nearly $100 per hectare (Mori, 1592), onc cannot generalize this valuc from the Brazilian forests. For example,
while the harvesting of wild fruit and latex in Peruvian Amozonia is estimated to be worth over $6000 per hectare
(Peters etal, 1989), this is not very generalizable, These harvest values must deduct harvest costs to obtain net
forest contribution.

14. Raw Materials

The valuation of forest raw materials includes values of extractables, including timber and pon timber
forcst products. The goal was to estimate these material flows on 8 sustainable yield basis, since that would
represent the service flows from ecosystem capital. However, there was no attempt made (o determine whether
current flows of materials are sustainable. They sre most likely non sustainable, implying that current flow
valuations inflatc sustained yicld valuations. While the proper measure of value is net of harvest cost, the values
of extractables sometimes were estimated net of harvest costs and in other cases were not. Timber values were
estimated from global value of production, adjusted for average harvest costs. Average harvest costs were assumed
to be 20% of revenues (Sharma, 1992). This value was used for all forests, both temperate and tropical.

15. Genetic Resources

Genetic resource value includes the present and future value of fauna and flora for medicinal purposes.
Present values would reflect the “in situ” value of currently used drugs, net of processing and development costs.
Future values would be a form of option value. For example, the pharmaceutical firm Merck has paid Cost Rice’s
National Institute of Biodiversity $1 million for rights to develop future plant species. 1n principle, this value would
reflect the minimum expeceted net profits Merck would anticipate from future development. The net social value
may be considerably larger, reflecting the social value of cures for disease, which is likely to be much greater than
Merck's profits. Most of the studies estimated the market value of pharmaceuticals derived from tropical forests.
The correct measure of value is market value net of costs of bringing the raw materials to their marketable,
medicinal form. Unfortunately, the cost adjustmeats could not be made. When drug sales in the US were the basis
for an estimate, the US value was extrapolated globally by assuming that citizens of developed countrics in Europe,
Australia, New Zealand, and Japan would purchase the same value of drugs per capita. This acknowledges an
income effect in the demand for drugs, and a weakness of economic valuation. Persons of low income may place
high values on lifc saving and enhancing drugs, but these values would not be reflected in the market place. For this
reason, the genetic valuation may severely underrepresent the social value of genetic services.

16. Recreation

Recreation value estimates were based on various methods in different country settings, including travel
cost methods (Lampietti and Dixon, 1995) and contingent valuation methods (Kramer et al. ,1992 and Sharma ,
1992). These arc proper methods of measurement for this value. Generalizability is an obvious problem for
recreation values, depending both on the quality of the forests and proximity to demanding populations. The current
recreation value of many forests may be ncar zero. Estimated generalized forest values may reflect potential value,
but this may be an overestimate since the recreational value per hectare would undoubtedly diminish is more forests
were effectively added to the recreational supply.
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17. Cultural
Values for cultural services were bascd on studics of aggregate willingnesses to pay, primanly for
existence values of ccosystems or endangercd specnes in the US (e.g., Pope and Jones 1990). These values are very
likely to depend upon income levels of the culture in question. So they have been adjusted to worldwide values
using the Purchasing Power of GNP per Capita.

Grass/Rangelands

General

We calculated the net rent for grassland and shrubland areas worldwide at $57.04 ha” -1 yr© -1, This value is a
weighted average of the net rent of those USA states for which the "potential” vegetation was grassiand or shrubland
(Kuchler, 1964) (KS, 1A, MT, ND, NV, UT, AR, NM, TX, OK, NE, SD, MO, IL, IN, CO). Data were obtained
from the Census of Agriculture 1992 (US Dept. of Commerce, 1995).

1. Gas regulation
We made independent estimates of this scrvice for carbon dioxide, nitrous oxide, and methane.
a. Carbon dioxide: We used estimates of C losses associated with sgricultural use from grassland soils

across the Great Plains of USA from Burke etal (1989). C losses ranged from 0.8 to 2 kg m2 . We used a value of
1 kg m-2 in our calculations. We ‘multiplied this number by the cost of CO, emissions: $0.02 (Fankhauser and

Pearce 1994). The total cost of releasing this C was $200 ba"! . To calculated an annual value we assumed that this
amount was released during a 50 years period. We used a discount rate of 5%.

b. Nitrous oxide: Mosier etal (1991) showed that cultivation of grasslands increase significantly the
emissions of nitrous oxide (a greenhouse gas) in the shortgrass steppe of northeastern Colorado. We estimated the
annual costs of nitrous oxide emissions based upon the difference in emissions between grasslands and adjacent

wheat fields (0.191 kgN ha"! '1) and the cost per unit of nitrogen emitted as mitrous oxide: $2.94 kg N
(Fankhauser and Pearce 1994).

¢. Methane: Cultivation reduces by half the uptake of methane by grassland soils (Mosier et al. 1991). To
calculate the cost of methane emissions we used the same approach as for nitrous oxide: we multiply the difference

in methane uptake between grasslands and adjacent wheat fields (0.474 kg C ha'! yr’l) times the cost per unit of
methane (§ 0.1 kg CH4™1),

2. Climate regulation
By using a mesoscale climate model  Pielke et al, 1992; 1996 ) , Copeland ettal, (submitted)

estimated that landuse change have caused an increase of 0.16 °C in the North American Great Plains as a
consequence of the reduction of green cover and transpiration during part of the year. Nordhaus (1994) estimated

that an increase of 3 °C in global temperature will produce a decrease in the global economic output of 4%.

Assuming a proportional effect of temperature, the impact of 0.16 °C would be 0.2% of the net economic output
(net rent): $ 0.11 ha'! yr'l .

4. Water regulation

We use data on runoff for grassland and cropland watershed for the southern plains of USA (Jones ctta;.

1985). We assumed that the difference in runoff between cropland and rangeland watershed is an measure of thé
water regulation service provided by grasslands. For this particular site (Bushland,Texas, average precipitation 462
mm) there was an increase in runoff from 1.7% for grassland watersheds up to 7.5% for cropland watersheds. The
increase of runoff will result in a reduction of water availability. Using Sala etar (1988) equation on the
relationship between precipitation and aboveground net primary production (ANPP), it is possible to estimate the
reduction in ANPP derived from an increase in runoff by subtracting runoff from PPT. The calculated difference in
potential ANPP between cropland and grassland watershed was 7%. Using Oesterheld etar (1992) cquanon on the
relationship between ANPP and domestic herbivore biomass, we estimated a reduction in carrying capacity of
-1

10.5%. Assuming an average net return for livestock production of $25.4 ha” 1, the unit value for water
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regulation is $2.54 ha” yr’l This calculation considers only the on-site value of water regulation by grassland
ecosystems.

- 6. Erosion control
We valued soil losses based on the reduction of agricultural yields, We assumed that loosing the first 10 cm
of the soil will result in a reduction of agricultural yields of 50%. A reduction of yields of 50% will reduce the net

rent of grasslands, at least, proportionally. Bascd on an average net rent for grassland worldwide of § 57.04 ha"!
(sce general assumptions above) the costs of soil erosion control service will be § 28.5 ha” -1 yr- -1 This estimate

compare reasonable well to the aggregated value provide by Pimentel (1995), § 26.7 ha’I rl, This estimate
considers only ou-site services of erosion control.

7. Soil formation
The estimate was derived from studies on carbon accumulation rates in old-fields in eastern Colorado, US
{(Burke etal, 1995, Thori eral, 1993). These studics showed that after 50 years of abandonment, C stocks have
increased 3000 kg/ha. The costs of CO, emissions {calculated based upon the negative effects that increasing CO,

has on climatc) was $20.4 per ton of C relcased (Fankhauser and Pearce 1994). The service provide by grasslands in
capturing C was calculated as the rate of C accumulation (3000 kg.ha‘l / 50 years = 60 kg h&'lyr‘l) times the cost
of C(80.0204kg C1), § 1.2ha! yrt .

9. Waste treatment
Data from Pimentel etar (1996).

10. Pollination
Data from Pimentel etaf (1996).

11. Biological control
Data from Pimentel efaf(1996).

13 and 14. Food and raw material production
We use the average agricultural net rent for central USA (see above) as en estimate of the value of food
and raw material production worldwide.

15. Genetic resources
The majority of the centers of origin of domesticated plants and animals are located in grassland and
shrubland areas (McNeely eral, 1995). The estimate of the value of preserving genetic resources of grassland areas
was derived from data of the effect that incorporating genetic resistance to disease from wild varieties have in wheat
production. Perrings (1995) value the effect of production of incorporating genetic resistance to diseases at $50
millions per year.

16. Recreation
We provide 3 independent estimates of the recreation value:

a. Hiking/ecotourism We used data on ecotourism opportunities for the Fynbos area in South Africa (Cowling etal,
1996, Higgins etal, 1996) ($22 visitor™! day'1 0.01 visitor ha™ ) To extrapolate worldwide we assumed that only
1% of the grassland and shrubland areas are attractive enough for visitors.
b. Big game hunting: Based on data for Wyoming (USA) (Brookshire, 1982): $250 hunting trip‘I and 800 ha
hunter! .
¢ ledhfe tourism revenue: Based on data presented by Pearce and Moran (1994): $ 40 ha"! yr- -1 Asin case a we
assume that only 1% of the grassland and shrubland areas have a wildlife density large enough to attract tourists.
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Wetlands

General
" Forthe purpose of this study, the wetland biome was divided into freshwater wetlands (swamps, bogs,
riparian wetlands and floodplains) and coastal wetlands (tidal marshes and mangroves). Estuaries have been
incladed with the marine-coastal biome. One reason for including tidal marshes and mangroves in one category is
duc the fact that they perform similar functions in the temperate and tropical climatic regions, respectively.

Wetlands are highly productive and dynamic systems, performing many services to society in their natural
statc. At the same time, these characteristics have led man to convert wetlands to single-purpose uses (mainly
cultivation) at the expense of the loss of most other functions, and the original surface area of wetland-ecosystems
has decreased dramatically. Some of these conversions have led to considerable economic damage, like the loss of
the dampening effect of riverine forests and floodplains on peak-discharges of rivers (e.g. Mississippi-flooding in
1994 and the floods in Europe in 1993 and 1994) °

The estimates included in table 2 are based on actual case studies in various parts of the world; of course
both the social and economic value of most functions will vary considerably, depending on the geographic and
cconomic situation of the country involved. For example, the food-productioa value of & floodplain is valued
differcntly in Africa (USS 12/hafyear - Barbier et. al. 1991) than in Austria (USS S0/hafyear - Gren 1994) both
because of difference in market-values and in the informal (non-markef) economy. While in Africa people may
depend on it for a large proportion of their daily subsistence needs, in other countries it is only a small portion of the
food-items available .

An even more cxtreme example of thesc discrepancics between “developed” and  “less developed™
countrics is the value placed on (drinking) water provided by freshwater-swamps. In the USA this function was
valued at over USS 15,000/ha/ycar (Gupta and Foster 1975)while the same function was valued st & little over US$
100/Mafyear in Malaysia (Kumari 1995}, which may partly be caused by differences in water quality standards, costs
and/or availability of alternatives and market values, We have attempted to compensate for these differences as
much as possible [scc general discussion] but some discrepancies remain.

Wetland-functions that are of particular ecological and cconomic importance are flood-control , storm
protection, nutrient cycling and waste recycling, accounting for almost 80% of their economic value. Within one
ccosystem (or biome) some functions are not evenly distributed and we have attempted to correct for these spatial
restrictions as much as possible: e.g. recreational activities will focus on the most attractive and accessible paris of
the ecosystem so values found for the recreational importance of floodplains or mangroves have not been multiplied
for the total surface area but only 30 %.

Within the scope of this survey, it was not possible to make an extensive analysis off all the information
available on the functions and values of these biomes and also some wetland functions are under-exposed or not
included in the table yet, although their ecological and economic importance is considerable, like their influence on
local and even global climate, both through their physical influence on temperaturc and precipitation, and their
influcncc on gas-exchange with the atmosphere, .

Also, except for their importance as nursery areas and migration habitat, little information was found on
the cconomic importance of other biological aspects of the functioning of wetland-ecosystems (e.g. biological
control and genetic resources). Thus, the totals given in Tables 2 and 3 should be secn as a very conservative
estimate of the total economic valuc of wetland ecosystems.

1. Gas Regulation

Only one reference was found for the economic value of carbon scquestration in Malaysia, represeating a
value of 265 US$/haly. This valuc could also be placed under the climate regulation function (2), since the
cconomic calculations were based on avoided damage through reduction of the enhanced grecnhouse effect,

3. Disturbance regulation
Disturbance regulation (3) mainly related to flood control (by swamps and floodplains) and storm
protection (by tidal marshes and mangroves).

* Flood control and storm protection values are based on estimations of prevented damage or the potential,
and in some cases actual, costs of replacing this function of the wetland by artificial constructions, Since these data
were not available for all types of wetlands, we made a —best professional judgment” to convert these figures into a

. total value for this function for all wetlands. For floodplains in the USA, this service was valued at US$
[1,137/haly (Thibodeau & Ostro, 1981). For swamps, no data was found, but since they are usually found in places
that arc less sensitive to major disruptions from flooding, their value was estimated to be about 30% of the
floodplain value. The total average valuc was therefore put at US$ 3,341/hafy in Table 2.
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Storm protection valucs for tidal iarshes range from US$ I/hafy for cstimated damage costs in the USA

(Farber & Costanza, 1987), to US$ 567/Mafy in willingness-to-pay for maintenance of  tidal marsh for this function
(Costanza ct al., 1989) and US$ 7.337/hafy for replacement costs of the storm protection function of tidal marshes
in the UK (Tumer, 1989). The average was put at USS 1,839 for this function in Table 2, which is closc to the
 value found for the substitution cost of the storm protection function of mangroves in Malaysia: US$ 1,701

(Christensen, 1982).
4. Water Regulation

: Only one reference was found on the value of the swamp area in Malaysia for buffering irrigation water for
rice paddies; the effect on productivity was estimated to be worth 30 US&/hafy (Kumari, 1995).

5. Water Supply
The water supply function of the swamps and floodplains was estimated to be worth US$ 7600/bafy, being

the average of two very different studies: cost savings in drinking water treatment by a swamp arez in Malsysia
was cstimated to represent a valuc of US$ 104/hafy (Kumari, 1995) while a study in the USA showed that the
(additional) costs to obtain water from the next best alternative source would be US$ 15,095/ha/y (Gupta & Foster,
1975).

6. Erosion Control and 7. Soil Formation
For erosion control and soil formation no explicit refercnces were found in this (short) study, slthough
wetlands certainly play an important role here. Large, shallow floodplains, for example, accumulate silt (thus
trapping soil particles lost by erosion elsewhere) and are often used for grazing or cultivation during part of the
year. Usually the valuc of these functions is included in economic calculations of other functions, potably
disturbance regulation (3) and food production (13).

8. Nutrient cycling and 9. Waste Treatment

Becausc of their high productivity and dynamic nature (both with regard to abiotic factors and food web
structurcs), wetlands play a very important role in nutrient cycling end waste treatment. They can absorb and
recycle large amounts of nutrients and other chemical substances without negative side-effects to the overall
functioning of the ecosystem. Especially the waste treatment function has & considerable economic value which is
increasingly being recognized. Calculations are mainly based on cost-saving calculations and (potential) costs of
replacing this wetland function by means of artificial waste treatment. In only one case was a survey conducted to
determine the willingness-to-pay for the maintenance of this ecosystem service. The total economic value of this
function, even if it is limited to sustainable use levels, is considerable: almost US$ 4,500 for coastal wetlands and
about US$ 1,700 for freshwater wetlands. In the case of coastal wetlands, data was only available for tidal marshes
and it was assumed that the contribution of mangroves to this function, on 2 sustainable basis, is about 30%.

10, Pollination and 11. Biological Control

Pollination and biological control are two functions for which wetlands are less important, at least no
references were found on these functions in relation to wetlands, although there are indications that cultivated areas
adjacent to (natural) wetlands do benefit from the pest control and pollination function of certain wetland species.

12. Habitat/Refugia
The babitat/refugia function of wetlands is important, both with regard to their value as nursery areas for

commercially important species (fish and crustaceans) and as resting and feeding areas for many migratory (and
sedentary) species. The nursery valuc was calculated to be worth US$ 170/haly (based on market prices), the
habitat value for protection of (migratory) species was mainly derived from willingness-to-pay studies, adding up fo
an average of USS 439/haly.

13. Food Production and 14. Raw Materials
Because of their high productivity and nutrient furnover, wetlands are able to provide a large array of food
items- and raw materials in considerable quantitics on a sustainable basis, including for example fish and shellfish
(both through harvesting and aquaculture), furbearers (for food snd fur), reed and forest products (including
fuelwood and charcoal). Values found in litcrature run up to US$ 2,752/ha/y for commercial fishing in mangroves
in Australia (Hamilton & Snedaker, 1984) and US$ 1,142/haly for harvesting of forest products in mangroves in
Thailand (Christensen, 1982).

15. Genetic resources :
No data was found on genctic resources provided by wetlands although they certainly provide a habitat fo
species which have important genetic material, medicinal biochemicals or other useful properties.
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16. Recreation _
Recreational benefits of wetlands mainly related to sportfishing and buating; also animal obscrvation
(especially bird watching) and other ~non-consumptive™ forms of recreation (like hiking) are important.

- 17, Cultural
The cultural value of wetlands is considerable although little research has been done on this service, The
only refercnces found relate to calculations of the influence of the acsthetic value of wetlands on real estate prices.

Freshwater Lakes and Rivers

General
The freshwaters of the world perform several services of economic value: Fresh water fisheries, excess
nutricnt reductions, pollution (BOD) reductions, irrigation, industrial, residential water supply , hydropower ,
watcr-based recreation and navigation. In all cases, the possibility of water recycling or reuse was considered
negligible.

4. Water Regulation
The value for water regulation is derived from a mean estimate for hydropower of §$10/acre-foot (1980 §)
calculated from 27 sites oo the Columbia/Snake River system, 9 sites on the Teanessee River, and 6 sites on the
Colorado River and extrapolated to the to globe (Gibbons 1986). An inflator of 1.8 was uscd on the fotal 1980 value
to convert it to 1994 dollars (US Census Bureau 1995).

5. Water Supply
The estimates for water supply arc bascd on in-stream flow calculations using a total annual renewable

freshwater supply of 40,673 km? and current annual consumptive use of 3240 km3 (domestic 8%, industrial 23%,
irrigation 69%) (World Resources Institute 1994). An inflator of 1.8 was used on the total 1980 value to convert it
to 1994 dollars (US Census Bureau 1995).

8. Nutrient cycling
We realize that the if we did not have the dilution effect of fresh water, pollution controls would be
needed to reduce the nutrient loads from cities, farms and industries. The estimate of the ecosystems service value
is based on the idea that fresh water bodics provide a nutrient cycling service and that value is also taken from
Postel and Carpenter (1996). The value is based on the assumption that normal freshwater nutrient cycling would

be equivalent to, and would have to be replaced by, advanced water treatment of municipal wastes (200 km3y'1for ,

the world, at $0.25 m‘3) plus industrial wastes (295 Iz<m3y-1 at $0.35 y‘l). Flows and costs were taken from
Richard et al. (1991) and Shiklomanov (1993).

9. Waste Treatment

To represent the natural service supplied by the breakdown of pollution in fresh water bodies, we used the
cost of waste treatment plants that would accomplish the same goal. Waste Treatment cost $2.27/acre-foot (1980
$'s) as an average regional value for dilution of BOD (Gibbons 1986). The value of water supply for consumptive
uses $100/acre-foot (1980 §) for irrigation, based on a mean (2=17) of $131/acre-foot (1980 $) for 8 crops in 6
western US states (Gibbons 1986), 2 mean (n=9) of $151/acre-foot (1972 §) for eastern US states (Gibbons 1986)
and a range of values from $10-$100/acre-foot (1971 §'s) for California crops (Howe and Easter 1971). The valuc
for industrial uses of $70/acre-foot (1980 $) is a mean (n=4) for cooling, cotton mills, textile mills and steel
production (Gibbons 1986). The estimate of $58.33/acre-foot (1980 $) for domestic use is a mean (n=6) of values
given by Gibbons (1986) for Tucson, Raleigh, and Toronto and extrapolated to the world. A consumer index
inflator of 1.8 was used to raise each of the 1980 dollar totals to their 1994 equivalent (US Census Bureau 1995).

13. Food Production
The ecological service value estimate for food production (Column 13) is the value of total freshwater
fisherics production (UN FAQ 1994 as given directly in Postel and Carpenter 1996).

16. Recreation
The recreation (Column 16) estimate is a minimal value based on expenditures for sport fishing in the
United States (Felder and Nickum 1992 as given by Postel and Carpenter 1996).
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Other Biomes

. We were not able to identify any valuation studies for some of the biomes listed in Table 3, notably Desert,
Tundra, Ice/Rock, and Urban. In addition, only the food production service of agroccosystems (cropland) has been
included. These are obviously areas in necd of further study.

Cross-biome Estimates

Some literature contains estimates of the value of ecosystem services as a total for the globe, rather than for specific
biomes. In these cases, we took the global values and redistributed back to per hectare estimates, For example,
Pimentel etal (1996) estimates the replacement cost of natural decomposition of wastes from societal activities.
Bascd on global estimates of population for humans, domestic animals, and crop residues, they estimate a total
annual production of 38 billion tons of organic waste. If it were necessary to replace natural decomposition with
technology, costs would be in the neighborhood of current costs for disposing of wastes. Einstein (1995, cited in
Pimentel etal, 1996) gives values of $0.04/kg to $0.045/kg for 2 US cites. Pimentel otar (1996) use & very
conservative value of $0.02/kg to arrive at a global total of $760 billion/y. Assuming that forests and grasslands
share the present decomposition service, this total is distributed in Teble [ according to hectare coverage of the
biomes.

Pimentel etal (1995) estimate that soil organisms help produce 1 Vhaly of topsoil on agricultural soils and
about half that amount on natural soils. Topsoil costs $12/ton (Pimentel etal, 1995), yielding an estimate for soil
formation of $6/ha that should be applicd to grassland and forest biomes.

Various pest control methods arc estimated to save $90 billion/y in crops in the US (Pimente! In Press) and
natural enemies arc estimated to contribute $12 billion of this total (Pimentel etal, 1996). Since the US has 10% of
the world's agriculture, a global estimate of $120 billion can be made. This total can be distributed to grassland and
agroccosystems at $23/ha. Based on data in McLean (1985) and Crawford and Jeanings (1989), Pimentel et al,
(1996) estimate an additional $4/ha for biological control in temperate forest systems.

Pimentel etal (1996) estimate the value of pollinators to U.S. crops at $182 million to $18.9 billion,
depending on assumptions. (based on Southwick 1992 and Heinrich 1979) Conservatively, we can estimate $2
billion. Assuming that the US has 10% of the world's crop value, we can cstimate $20 billion globally or $14/ha
for agroccosystems.  The estimates of pollination benefits to insect-pollinated legume pasture in the US is
approximately $20 billion (Gill 1991, Robinson etal, 1989). Assuming that the global value is 5 times the U.S.
value, this gives a global total of $100 billion or $25/ha for grasslands.

Munasinghe and McNeeley (1994) estimate the value of worldwide ecotourism between $0.5 and §1
trillionfy. Pimentel etal (1996) choose a conservative figure of $500 billion, yielding $42/ha if we distribute this
activity over all of the natural biomes.

A worldwide estimate of $84 billion/yr for pulp and timber products is given by Groombridge 1992 (Cited
in Pimentel etal, 1996.

Pimentel etal, 1996 give a value for over-the-counter plant-based drugs at $84 billion worldwide, based on
Pearce and Moran (1994).

Pimentel etal, 1996 given an estimate of $88 billion global as the value of forest sequestering of carbon.
Pearce (1991) argues for $13 per ton of carbon scquestered in terms of reducing the coastal damage from sea level
risc. Pimentcl et al (1996) estimate 1.5 thalyr scquestered for temperate forests and 10tha/yr for tropical forests,
So $19.5/ha for temperate and $130/ha for tropical forests. They point out that this is a very conservative value
that only accounts for damages from sea level risc.
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