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Eecutive Summary‘

An Innovative Management System
for Public-owned Water to Protect Public Interests

® Public Water and Public Interests

0 Characteristics of public water
- Public water includes the sea and sea sides. As both water and land, pub-
lic water is part of the ecosystem with huge production capability and a
subject for social and economic development. It is considered public goods
as it doesn’t belong to an individual. In particular, it is public goods

which are “non-competitive” and “non-exclusive.”

0 Economic and Ecological Values
- Existing studies showed that economic value of coastal areas amounted to
KRW 46.727 trillion ~ KRW 47.909 trillion. According to the Emergy
Method, its input reaches 7,581,000 EmW/ha/yr. When Costanza et al.
(1997)’s study is applied, the yearly contribution of Korea’s coast could be
estimated at KRW 26.365 trillion.

o0 The Korean government prepared regulations on private use, reclamation and
fishery right of public water for its effective management. Individuals can

use public water based these regulations.
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m |nfringement of Coastal Public Interests

0 Definition of coastal public interests

(D General public’s access to the sea and coastal areas are guaranteed.

@ If conflicts occur over the use of public water, marine and coastal de-
pendent social and economic activities take a priority.

@ The external effect doesn’t exist or relevant costs are internalized.

@ Certain groups and individuals should not be given exclusive right or
should shoulder responsibility according to their right.

(5 “Substantive procedures” or “procedural practicality” should be ensured
in addressing conflict among public interests.

® The service and function cannot be provided by market.

(@ Public access cannot be limited in the future as well as at present due

to the privatization of public water.

o Infringement of coastal public interests

Coastal public interests are often infringed by the following cases:

First, public water is reclaimed (change of use or unused) to create capital
gains, rather than to meet the excess demand for land.

Second, negative external effects are created through the private use of
public water, such as establishment of artificial structure and extraction of
minerals.

Third, public benefits are transferred to a certain individual because of ad-
ministrative mishandling or others.

Fourth, illegal private use, illegal reclamation and renting of fisheries right
violate public interests.

Other cases that infringe on coastal public interests are monopolizing of
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beaches, paid beaches, negligence to fulfill responsibility of marine pro-

tection and conflict among public interests.

O Infringement causes
- Causes of infringement include: first, regulations failed to reflect various
characteristics of public water; second, the concept of coastal public inter-
ests are not clearly defined or public interests conflict or compete each
other under different legal definitions; third, service value of public water

is under-valued; fourth, nonfeasance prevention methods are non-existent.

®m |mplication of oversea Cases of Public Interest Protection

0 The Public Trust Doctrine in the US
- The early Public Trust Doctrine protected commerce, navigation and fish-
ing by general public in navigable water and nearby land. In later days,
the scope expanded to include interests from recreation and aesthetic or
ecological values.
- The doctrine provided legal direction that public interests should come be-

fore private interests (owner) in case of conflict between them.

O The National Trust in the UK
- The National Trust aims to protect natural environment and cultural heritage.
Since 1965, its Enterprise Neptune has contributed to protecting coastal
lines and coastal areas from development.
- The National Trust has the legal status as a charity and establishes the re-
lation with general public’s through the trust asset.
Its activities of natural and cultural protection are carried out based on co-

operation with its members.
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- The trust is divided into the following 4 types: the Wildlife Trust, Shenley
Park Trust, Landmark Trust and Educational Trust (focuses on additional

trust environment)

O Measures for improving public water management

- The following measures should be prepared to prevent infringement of
public coastal interests.
First, the order of several public interests in coastal area should be set to
resolve conflicts or competition among public interests.
Second, the rental system for reclaimed land should take root in order to
prevent exclusive ownership over reclaimed land or privatization of profit
generated from its development. Preliminary validity studies need to be
done mandatorily on private development projects.
Third, for bigger responsibility or duties of public water trustees, a de-
tailed screening system on private use or license should be developed. The
rate system on public water use needs to be improved. A possible measure
is that the environmental deposit is put down when fishing rights are
issued.
Lastly, the consigned management system, a dedicated organization, the
reclamation/private use traceability system and “the strengthened sunset

system” (zero-base) can be implemented for better public water management.
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1) SSAE0|22| HYZ®)
(1) F3AE|29] JAHE w7

HjStoli 51709 FRAEe|Ro] Qlrk AAle] AAEHEY) B

ol 2o Hsta, chaket PejE AR Yok SuL ASe] T
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rEL‘
K

18) olate] 1) FgAlEtol 20| W7, 2) TEAElRo] UZE A A g B, 3)-2)-

-2 sz uols il 4% Mono Lake e Fts 284, T3l =
oANX e Ag7HsAdr, T AT, A9, 1997, pp. 192~239 18-

Hong Sik Cho, The Public Trust Doctrine and Global Commons, 6(Unpublished

Dissertation, UC Berkely. 1995), Z3-A], “/dtiEitima) MEkitaihol| A Q) @M, A&

=ZAHATL, , A6d, 1999, pp. 323~365 & F=.

19) Charles F. Wilkinson, 1989.(“[t]he federal public trust doctrine announced in Illinois
Central. R.R. v. Illinois, 146 U.S. 387 (1892), and the varying, state-law based trust doc-
trines total 51 separate public trust doctrines”).

20) v=o] 7} 3o FFAH|ES AWy A=t ArE FET 2. Comment,
The Public Trust Doctrine in Wisconsin, 1 WIS. ENVTL.L.J. 105 (Spring, 1994); F.
Lorraine Bodi, The Public Trust Doctrine in the State of Washington: Does it Make Any
Difference to the Public?, 19 ENVTL.L. 645 (1989); Michael B. Huston & Beverly Jane
Ard, The Public Trust Doctrine in oregon, 19 ENVTL.L.623 (1989); Scott W. Reed, The
Public Trust Doctrine in Idaho, 19 ENVTL.L.655 (1989); Deborah B. Schmidt, The Public
Trust Doctrine in Montana: Conflict at the Headwaters, 19 ENVTL.L.675 (1989); Note, The
Public Trust in Massachusetts Land Law, 11 B.C. ENVTL. AFF.L. REV.839 (1984);
Comment, The Emergence of the Public Trust as a Public Right to Environmental
Preservation in South Dakota, 29 S.D.L.REV.496(1984) [©]3}, The Emergency of the Public
Trust]; Margit Livingston, Public Access to Virginia's Tidelands: A framework for Analysis
of Implied Dedications and Public Prescriptive Rights, 24 WM. & MARY |. REV. 669
(1982~1983); Note, A Tidelands Trust for Georgia, 17 W.M. & MARY L. REV. 669
(1982~1983); Note, A Tidelands Trust for Georgia, 17 GA.L.REV.851 (1983); Comment,
The Public Trust Doctrine as a Basis for Environmental Litigation in Louisiana, 27 LOY.L.
REV. 469 (1981); Comment, The Public Trust Doctrine: A New Approach to
Environmentalism, 81 W. VA. L. REV. 455 (1979); James M. Olson, The Public Trust
Doctrine: Procedural and Substantive Limitations on Governmental Reallocation of Natural
Resources in Michigan, 1975 DET.C.L. REV. 161; Bradford W. Wyche, Tidelands and the
Public Trust : An Application for South Carolina, 7 ECOLOGY L.Q.137 (1978); Comment,
The Pennsylvania Public Trust Doctrine: Its Use as a Restraint on Government, 13
DUQ.L.REV.551(1975); Comment, The Mississippi Public Trust Doctrine: Public and



Private Rights in the Costal Zone, 46 MISS. L.J. 84 (1975); Comment, Public Trust as a
Constitutional Provision in Montana, 33 MONT.L.REV. 175 (1975); Leonard R. Jaffe, The
Public Trust Doctrine is Alive and Kicking in New Jersey ]Tidewaters: Neptune City v.
Avon-by-the Sea, A CSE of Hpappy Activism, 14 NAT.RESOURCES J. 309 (1974); Note,
California's Tidelands Trust for Modifiable Public Purpose, 6 LOY. L.A.LREV. 485 (1973);
Comment, California Beach Access: The Mexican Law and the Public Trust, 2 ECOLOGY
L.Q.571 (1972) [©]d}l, California Beach Access]; Note, State Citizen Rights Respecting
Greatwater Resource Allocation: From Rome to New Jersey, 25 RUTGERS L. REV. 571 (1971).
Zk o] FFAlgo|Zo] FRA 1 Qe BEAE ATmHY] olgA= David B. Hunter, An
Ecological Perspective on Property: A Call for Judicial Protection of the Public Interest in
Environmentally Critical Resources, 12 HARV. ENVTL. L. REV. 311, 369~370 (1988) Z=.

21) 9|& £, “[i]n essence, the public trust doctrine commands that the state may not abdicate
its duty to preserve and protect the public interest in common natural resources”, Gary D.
Meyers, Variation on a Theme: Expanding the Public Trust Doctrine to Include Protection
of Wildlife, 19 ENVTL. L. 273, 734 (1989); the legal theory “[involving] fulfilling or dis-
position of submerged lands to private or to allegedly inappropriate public uses”, Joseph L
Sax, The Limits of Private Rights in Public Waters, 19 ENVTL. L. 473 (1989) [©]3},
Limits of Private Rights]; “certain defined property is held by the sovereign in trust for [the
benefit] of the public”, Nanada P. Nanda and William K. Ris, Jr., The Public Trust
Doctrine: A Viable Approach to International Environmental Protection, 5 ECOLOGY L.Q.
291, 296(1976); a doctrine that “legitimize[s] restrictions that might otherwise be constitu-
tionally dubious”, and serves to vindicate “government regulations in costal and wetland
areas which might otherwise be challenged under the taking clause”, FINDLEY &
FARBER, ENVIRONMENTAL LAW IN A NUTSHELL 273-96 (1991), 279, 929l a via-
ble legal theory to “take the government the public guardian of those valuable natural re-
sources which are not capable of self-regeneration and for which substitutes cannot be made
by man”, Bernard S. Cohen, The Constitution, The Public Trust Doctrine, and the
Environment, 1970 UTAH L. REV. 388 (1970); “the state as trustee for the public cannot
by acquiesce. abandon the trust property or enable a diversion of it to private ends different
from the objects for which the trust was created”, State v. Cleveland & P.R.R., 94 Ohio St.
61, 90, 113 N.E. 677, 582 (1916); the public trust doctrine, indeed, “imposes a duty upon
the state to protect navigable waters and the lands beneath them for the permanent use of
the public, not only for navigation and fishery--- but for ecosystem protection as well” and
subordinate private right involving pubic trust property to the public trust obligation, Joseph
L. Sax, The Search for Environmental Rights, 6 J. LAND USE & ENVTL.L. 93 (1990) [©]
3}, Search for Environmental Rights.].

22) Wilkinson, Op. cit., p. 426.
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23) AFAA.
AP ml=mo A o) e o] WS FFAlER|EY mYlo s AJAEIT AL shojE ALt
Z] o] obd. Richard J. Lazarus W7} A ASH|E, Sax w47} 19 FFAlEo| =20
o =RS AT Qe WA o Mol 2 SEHel o AE o Alelx] kT
AR T H(EPA)S ZASHA = 93k Richard J. Lazarus, Changing Conceptions of
Property and Sovereignty in Natural Resources: Questioning the Public Trust Doctrine, 71
IOWA L. REV. 631, 690 (1986). Joseph L. Sax w49 FFAIEr| 3t =&, = Joseph
L. Sax, The Public Trust Doctrine in Natural Resource Law: Effective Judicial Intervention,
68 MICH. L.REV. 471 (1970) [©]3}, Effective Judicial Intervention© 2 &S 1985H-
71202 A 40 2ot 7HA A o8EH =RE = 49HAE &7 wi A XS Fred R.
Shapiro, The Most-Cited Law Review Articles, 73 CAL. L REV. 1540, 1551-53 (1985). T
3l Sax W] =ELS 4%k 33719 WA ¢l&E7|%E $19-&. Michael C. Blumm,
Public Property and the Democratization of Western Water Law: A Modern View of the
Public Trust Doctrine, 19 ENVTL. L. 573, 374 (1989).

24) Cohen, Op. cit., p. 388.
olgigt AFT AAAY Folle HFH R FFAlEo|Eo| ofste] HEEo] & 3fjetA,
A, delA 2ol Eolek AR =] llﬂ"? oMY EE, AFEF 2R FrAl(federal
public lands), A]-&4> (drinking water) 52 3E3F5t1 1 H = A& 5ojd Aoz B

25) Wilkinson, supra 5= 2, p. 426(private land owners expect their titles to land and water to
remain secure, and the general public expect that most of its rivers will remain rivers, its
lakes and its bays). -ZaAlEfo|29] WHolggFr|of Islo]j= Sax, Limits of Private
Rights, Op. cit., p. 6,473.

26) Cohen, Op. cit., p. 388(“public guardian of those valuable natural resources”).
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27) Nanda & Ris, Op. cit., p. 297 (“[o]f all the evolutionary lines of the public trust doctrine,
protection and control of navigable waters and shorelines is the oldest and best developed”);
Wilkinson, Op. cit., pp. 426~427(“[b]y the traditional doctrine, I mean the trust principles that
the United States Supreme Court has applied to those watercourses that are navigable for the
purpose of title- those watercourses whose shorelines, beds, and banks pass by implication to
states at the time of statehood, Those natural resources were the subject of such leading nine-
teenth century cases as Shively v. Bowlby and Illinois Central Railroad v. Illinois™).

28) Wilkinson, Op. cit., pp. 436~438.

[W]ater was a unifying factor for the Nation. Rivers and lakes facilitated trade, allowed im-
migration to new areas, and established communication lines among the states--- Thus, the
ribbons of waterways tied th early nation together- economically, politically, and
symbolically. Id.

29) FEAECIES ARt o7 o Y 9 AENS AR §J8iA=, Jan S. Steven,
The Public Trust: A Sovereign’s Ancient Prerogative Becomes the People’s Environmental
Right, 14 U.C. DAVIS L.REV. 195, pp. 226~230, 1980 Z=%.

30) ZPAIGE A& Note, The Public Trust in Tidal Areas: A Sometimes Submerged Traditional Doctrine,
79 YALE L. J. 762, pp. 769~770, 1980(©]3}, Note, The Public Trust in Tidal Areas) &=
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31) 4AIA, p. 210.

32) Sax, Effective Judicial Intervention, Op. cit., p. 473.

33) Cohen, Op. cit., p. 388.

34) AFASE A& Sax, Effective Judicial Intervention, Op. cit., pp. 473~474.
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38) Genesse Chief v. Fitzhugh, 53 U.S.(12 How.) 443, 455 (1851).

37) Pollards Lessee v. Hagen, 44 U.S.(3 How.) 212, 230 (1845).
39) Wilkinson, Op. cit., p. 448.

40) Wilkinson, Op. cit., pp. 449~450.
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“[The states titled to these lands was a] title held in trust for the people of

41) 146 U.S. 397 (1982) Sax X o] Abdo] ml=r wiof gloja] 7Pzt Apdolehe
o 593k Sax, Effective Judicial Intervention, Op. cit., p. 489 =

42) Illinois Central Railroad v. Illinois, 146 U.S. p. 454.

43) 146 U.S. pp. 434~435.
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the State that they may enjoy the navigation of the waters, carry on commerce
over them, and have liberty of fishing therein freed from the obstruction or
interference of private parties--- The trust developing upon the State for the
public, and which can only be discharged by the management and control of
property in which the public has an interest, cannot relinquished by a transfer of
the property. The control of the State for the purpose of the trust can never be
lost, except as to such parcels as are used in promoting the interests of the public
therein, or can be disposed of without any substantial impairment of the public
interest in the lands and waters remaining.”4)
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44) 146 U.S. pp. 452~453.

45) 146 U.S. p. 453.

46) AFAA.

47) BAA.
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50) Wllkmson, Op. cit., pp. 459~464.
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51) Illinois Central Railroad Railroad v. Illinois, 146 U.S. p. 453.
52) Wilkinson, Op. cit., p. 464, Z}== 164.

53) A4 pp. 465~466.

54) Z1EE, pp. 62-64,
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@ Shively v, Bowlby56)

185419 59 209 ©2)71 Fo] ofAEelo} ejo] Fgulot 7 of2fo]
F5 Gof| A& EX]AFAF2] John M. Shively2} F-21-2 1850 9 27 1850
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55) Mary Turnipseed et al, p. 10.
56) Shively v. Bowlby, 152 U.S. 1, 2, 1894.
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“.-- In the yet more recent case of Illinois Central Railroad v. Illinois, (1892)
which also arose in Illinois, it was recognized as the settled law of this country
that the ownership of and dominion and sovereignty over lands covered by
tidewaters or navigable lakes within the limits of the several states belong to the
respective states within which they are found, with the consequent right to use or
dispose of any portion thereof, when that can be done without substantial
impairment of the interest of the public in such waters and subject to the
paramount rtight of Congress to control their navigation so far as may be

57) Crystal S. Chase, 2010.
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necessary for the regulation of commerce.58)--+”

@ Appleby v. City of New York59)
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“.-- There is an interesting discussion of the same exception by Chief Justice
Bartlett in People v. Steeplechase Park, in which he cites United States v.
Mission Rock Co.60) and emphasizes the distinction between the Illinois Central,
the Coxe, and Long Sault cases and grants like those we are considering. It is
clear that the ruling in those cases has no application here---.”

Iy o] #HAo] Illinois Central Railroad ¥4-S Holgh Z12 ofyar

@3l T AurAR o)t Al A SeUElo] e Bl

58) 146 U. S. 146 U.S. 387, 146 U. S. 435~437, 146 U. S. 465, 146 U. S. 474.
59) Appleby v. City of New York, 271 U.S. 364, 1926.
60) 189 U. S. 391, 189 U. S. 406.
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“... That case arose in the Circuit Court of the United States, and the
conclusion reached was necessarily a statement of Illinois law, but the general
principle and the exception have been recognized the country over, and have been
approved in several cases in the State of New York---”

ESE YL ofZu]o] AFA BA 7} llinois Central Railroad A3}

Hokoh i ] oA o] A" o] Aol o]Z2 lllinois Central
Railroad & of| Rbsh= 212 ofyth gfufstil & AbgloA A& tiof=
Zko. XM Bo|9) 1, Illinois Central Railroad 23} Zro] W EA9] £7]|<9]

Aol sige wE 2 A o7t EAIEA k7] wZolth

“..- It is urged, against our view of what these deeds conveyed of the
sovereign power of the state and the ownership of the city at the time of their
execution, that it is opposed to the judgment of this Court in Illinois Central R.
Co. v. lllinois, 146 U. S. 387, in which the validity of a grant by the Illinois
Legislature to the Illinois Central Railroad Company of more than 1,000 acres in
the harbor of Chicago in Lake Michigan was under consideration. It was more
than three times the area of the outer harbor, and not only included all that
harbor, but embraced the adjoining submerged lands which would in all
probability be thereafter included in the harbor. It was held that it was not
conceivable that a legislature could divest the state of this absolutely in the
interest of a private corporation, that it was a gross perversion of the trust over
the property under which it was held, an abdication of sovereign governmental
power, and that a grant of such right was invalid. The limitations on the doctrine
were stated by Mr. Justice Field, who delivered the opinion, as follows at 146 U.
S. 452:-.27
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® Phillips Petroleum Co. v, Mississippit2)

1973 wlAAlT] 3= 937} Wk = 2F0 SAE FAIRE AZof &
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61) Crystal S. Chase, Op. cit.
62) Phillips Petroleum Co. v. Mississippi, 484 U.S. 469, 1988.
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- Petitioners submit that, in England, practically all navigable rivers are
influenced by the tide.63) Thus, ‘tidewater’ and ‘navigability” were synonyms at
common law.54) Consequently, in petitioners' view, the Crown's ownership of
lands beneath tidewaters actually rested on the navigability of those waters, rather
than the ebb and flow of the tide. --- Later, it came to be recognized as the
‘settled law of this country’ that the lands under navigable freshwater lakes and
rivers were within the public trust given the new States upon their entry into the
Union, subject to the federal navigation easement and the power of Congress to
control navigation on those streams under the Commerce Clause.65)--+”
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63) Brief for Petitioners 19; 53 U. S. 454, 1852.

64) Illinois Central R. Co. v. Illinois, 146 U. S. 387, 146 U. S. 436, 1892.

65) Barney v. Keokuk, 94 U. S. 324, 94 U. S. 338, 1877; Illinois Central R. Co. v. Illinois,
146 U. S. pp. 435~436.
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“..» The Federal Government conveyed these lands to the States, which have
conveyed many of them to individuals. To the extent that the conveyances to
private parties purported to include public trust lands, the States may strike them
down, if state law permits.66) The Court's broad definition of public trust lands
will increase the amount of land that is vulnerable to such challenges. ---”

“.++). Similarly, the Court has emphasized that the public trust doctrine is
founded upon the necessity of preserving to the public the use of navigable

waters from private interruption and encroachment.67)---”
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66) Illinois Central R. Co. v. Illinois, 146 U. S. 452-454; Coastal Petroleum Co. v. American
Cyanamid Co., 492 So.2d 339, 342~343 (Fla.1986), cert. denied sub nom. Mobil Oil Corp.
v. Board of Trustees of Internal Improvement Trust Fund of Fla., 479 U.S. 1065, 1987,
Brief for American Land Title Association as Amicus Curiae 2-3.

67) Illinois Central R. Co. v. Illinois, 146 U. S. 387, 146 U. S. 436, 1892.

68) Crystal S. Chase, Op. cit.

69) AAA, pp. 152~153.
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70) James R. Rasband, 1997, pp. 71~72. Rasband 439 i’\?ﬂiﬂ-olb} AP EatoL),
EHIALA 59 Fof| A Illinois Central Railroad Q] FL&2o] Xolxtia F3s= A
= QAHE o]of th3l Chase 14> North Carolina ZATto] Illinois Central Railroad 2
9] &L Holst= Ao|gkar HHHNSE Crystal S. Chase, Op. cit.,, ZV5 238 2%,

71) Robin Kundis Craig, pp. 84~86.

72) Michael C. Blumm, 1989, pp. 591~593.

73) National Audubon Society v. Superior Court, 658 P.2d 709 (Cal. 1983).

74) Mun. Water Conservation Dist. No. 1 v. Southwest Cotton Co., 39 Ariz. 65, 4 P.2d 369,
1931.

75) CWC Fisheries v. Bunker, 755 P.2d 1115, Alaska, 1988.
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76) Gwathmey v. State of Dept. of Envtl. Health, and Nat. Res.446 S.E. 2d 675, N.C. 1995.
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77) James R. Rasband, Op. cit., Z+5 267.
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“,,

- we conclude that the General Assembly is not prohibited by our laws or
Constitution from conveying in fee simple lands underlying waters that are
navigable in law without reserving public trust rights. The General Assembly has
the power to convey such lands, but under the public trust doctrine it will be
presumed not to have done so. That presumption is rebutted by a special grant of
the General Assembly conveying the lands in question free of all public trust
rights, but only if the special grant does so in the clearest and most express
terms.78)--+”

B3 EAAfEOIY o FEAElEY IAR AAE Shepard’s
Point Land Co. v. Atlantic Hotel, 132 N.C. 517, 44 S.E. 39 2] &&= Illinois
Central Railroad & &35}t A 7fEeto|y F AL Shepard’
Point Land TS 2 Abeflol 2g3fof gtrh= Fo F4S WotsolA &

ofth. ©3|8 Shepard’s WA o] ZZAlEro|Ro| g3 7153t 4232 o} o]
AE ARINA FEAEH Y FE glo] tofst= A& &3] Fdt=
& oulst= Aolgh= HelolAl o= ofwdt Moy A FAE Qle

/\
Zo|gfal Shepard’s T E F

pl
Ilinois Central Railroad ¥+2

2 9Tt

“It is worth noting that the Supreme Court in Illinois Central admitted that
no authority supported its position. More importantly, the case did not involve
North Carolina Law.”

78) Gwathmey v. State Dept. of Envtl. Health, and Natural Resources, 464 S.E.2d 674, 684
(N.C. 1995). 72 HA 9 wAs|&Eeto|r}y 9] T = RIR Technical Co. v. Pratt, 453
S.E.2d 147, 149 (N.C. 1995)E o= &I U-S(“Unless clear and specific words state-
otherwise, terms are to be construed so as to cause no interference with the public’s domi-
nant trust rights, for the presumption is that the sovereign did not intend to alienate such
rights.”).
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79) Hobonny Club, INC., Respondent, v. Furman E.McEachern, Jr. Director of the Division of
General Services, Budget and Control Board, State of South Carolina, Appellant, No.20884,
Supreme Court of South Carolia, Feb.14, 1979(252 S.E.2d 133).

80) James R. Rasband, Op. cit., Z+5 267.
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- rejecting Illinois Central as precedent and confirming that under Texas
law the state may grant submerged lands “in derogation of the public rights of
navigation, etc.” as long as there is clear intent---"84)

gt A7) Abgloll thal Illinois Central Railroad AMe]7} v <] 7] %

81) Crystal S. Chase, Op. cit., Zt5 238.

82) State of Texas et al., Petitioners, v. T.W.LAIN et al., Respondents. No. A-8109. July 19,
1961 (162 Tex. 549, 349 S.W.2d 579).

83) James R. Rasband, supra 5= 51, Z+5= 267.

84) State v. Lain, 349 S.W.2d 579, 583 (Tex. 1961).
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85) Crystal S. Chase, supra 5= 38, Zt5= 238.

86) AAAIA.

87) AAAA.

88) National Audubon Soc’y v. Superior Court, 658 P. 2d 709, 728(Cal.), cert. denied, 464 U.
S. 977(1983).

89) District of Columbia v. Air Florida, Inc.,750 F.2d 1077, 1083(D.C. Cir. 1984)(the public
trust doctrine “has evolved from a primarily negative restraint on states ability to alienate
trust lands into a source of positive state duties”)?} National Audubon Society v. Superior
Court, 189 Cal., 356, 657 P.2d 719H(“the public trust--- is an affirmation of the duty of
the state to protect the people's common heritage of streams, lakes, marshlands and tide-
lands--") v 2=,
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90) 750 F.2d p. 1083.

91) GEORGE C. COGGINS ET AL., FEDERAL PUBLIC LAND AND RESOURCES LAW 323,
1993.

92) Municipal Water Conservation Dist. No. 1 v. Southwest. Cotton Co., 39 Ariz. 65, 4 P. 2d
369, 1931.

93) Blumm & Thea Schwartz, 1995; Douglas L. Grant, 1995.
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Y 31(Southwest Cotton Company & Valley Ranch Company)+= 33l
(Maricopa County Municipal Water Conservation District No. 1, a corporation,
Beardsley Land & Investment Company, a corporation, and Carl Pleasant)E AFt]]
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94) Tracey Dickman Zobenica, 1996, Z+5= 10.
95) 172 Ariz. 356, 837 P.2d 158.
96) Tracey Dickman Zobenica, Op. cit.
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“.-+ Public trust jurisprudence is nascent in Arizona. Our supreme court long
ago acknowledged the doctrine. See Maricopa County Municipal Water
Conservation Dist. No. 1 v. Southwest Cotton Co., 39 Ariz. 65, 73, 4P.2d 369,
372(1931)°7) Yet the doctrine has not yet been applied. Fortunately, however, to
decide the public trust issues presented by this case, we need not weave a
jurisprudence out of air. We develop our analysis along well-established lines.
This is surely attributable to the fact that the state has just begun to assert its
equal footing rights. Had the state done so earlier, there would have been an
earlier need to develop a law of public trust. [7] Our first point of reference is
Illinois Central, which the Supreme Court of Idaho described as “the seminal case
on the scope of the public trust doctrine and [still] the primary authority today
98) From Illinois Central, we derive the proposition that the state's responsibility
to administer its watercourse lands for the public benefit is an inabrogable
attribute of statehood itself.99)---”

Interest v. Hassal Az, 604 Ho] ofje]zut 5 thy Qo] TgAle
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97) “Navigable waters were, under the common law, considered as under the exclusive control
of the government, in trust for the general public---”), aff'd as modified, 39 Ariz. 367, 7
P.2d 254, 1932.

98) Kootenai Environmental Alliance, Inc. v. Panhandle Yacht Club, Inc., 105 Idaho 622, 625,

671 P.2d 1085, 1088, 1983.

99) Illinois Central Railroad v. Illinois, 146 U.S. p. 118 “The state can no more abdicate its
trust over property in which the whole people are interested, like navigable waters and soils
under them--- than it can abdicate its police powers in the administration of government and
the preservation of the peace”.
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100) CWC FISHERIES, INC. and Eric Randall, Appellants, v. Dean B. BUNKER, Appellee.
No.S-1995. June 3, 1988, 755 P.2d 1115, Alaska, 1988.
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“CWC and Randall filed suit against Bunker, alleging trespass and requesting
damages and injunctive relief. Bunker denied CWC’s claims of trespass, and
argued that the State's conveyance of ATS 360 was made subject to the right of
the general public to enter those tidelands for purposes of navigation, commerce,
and fishery under the ‘public trust’ doctrine established by the United States
Supreme Court in Illinois Central Railroad Co. v. Illinois, 146 U.S. 387, 13 S.Ct.
110, 36 L. Ed. 1018 (1892)---.”

1986 99 24 Y& CWC7F F3AIEr] Aok wl
B2 % BunkerE o] FA|oA HGSHA HiAE = Qlvkes olw=
CWCE| =93] 4= olEolA] OPX} CWC7} o]0 BXalo] Abaste
t} oo A7t = Y2 CWC Fisheries®] Dean Bunkero] thglh w}aj
A A+E Zsket AdE s
53] HAo|froll A defj vt = i ofefjoll A 2183t Hiel 2ol
I AN

Illinois Central Railroad ]S ofe] X&) <183} Q) o] &

W AFe 7K

‘- An ancient doctrine of common law restricts the sovereign's ability to
dispose of resources held in public trust. This doctrine, integral to watercourse
sovereignty, was explained by the Supreme Court in Illinois Cent. R.R. v. Illinoi
sl0l), A state’s title to lands under navigable waters is a title different in
character from that which the State holds in lands intended for sale---. It is a title

101) 146 U.S. 387, 13 S.Ct. 110, 36 L.Ed. 1018, 1892.
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held in trust for the people of the State that they may enjoy the navigation of the
waters, carry on commerce over them, and have liberty of fishing therein freed
from the obstruction or interference of private parties. --+In Illinois Central, the
Supreme Court upheld the Illinois Legislature's repeal of an earlier legislative
grant of land beneath Lake Michigan to the Illinois Central Railroad. The Court
stated: The trust devolving upon the State for the public, and which can only be
discharged by the management and control of property in which the public has an
interest, cannot be relinquished by a transfer of the property---. A grant of all the
lands under the navigable waters of a State has never been adjudged to be within
the legislative power; and any attempted grant of the kind would be held, if not
absolutely void on its face, as subject to revocation---. The Court did not hold
that equal footing lands were entirely inalienable. Rather, it stated: The control of
the State for the purposes of the trust can never be lost, except as to such parcels
as are used in promoting the interests of the public therein, or can be disposed of
without any substantial impairment of the public interest in the lands and waters
remaining.---”

(3) &2
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102) James L. Huffman, 1989.
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104) http://www .nationaltrust.org.uk/main/w-response-windfarm-oct2010.pdf
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o+ ZlAlere] AWML 19071, 19374, 1939, 1971 d9] TmlAlehy
(the National Trust Act)]al, =RIAE AP 2-8of & vAle HMES 1931
o] TZPAH | (the Finance Act), 1947dQ] TA] W 5=ZA|2H | (the Town and
Country Planning Act), 1947 d2] 54 | (the Agriculture Act), 19499 "= ¥
2 AL (the National Parks and Access to the Countryside Act)1060), 1965
H9o] 23X 5= (the Commons Registration Act), 1968F2] "YU (the

Countryside Act), 1981 d2] TopRY U | (the Wild and Countryside Act)!07),

106) "3 9 AYHZH, (1949 9)(the National Parks and Access to the Countryside
Act of 1949)2 AARAA ol AGHA A FostlS. 1949dR]o] FH I oA
of Rt Aoldt AT T = AP vt EAE o|FUS AMERAY F
M= 19919 Y 2ofA 283 19929 AFEMS oA AHEEJAAT JZHE A
€ T4 oMEASE TR Stz o]&Ho] oJd3] FEEAL AT FYAIL &
Aot= FoHS *|4E A9l Burnett-Hall, Environmental Law (Sweet & Maxwell :
1995) : para. 5-005

107) 1981%19] Topyl 9 A, & BA GO AHET iz AR G| WS of
FIiL QLS o] {E flEWE o7 7] FEol HHE Ae 1 EAE gHE] {5k
AR “AAF A HEH off-site’ power) AT T T2 W2 AHo BA PHH=
o] &fAket HfAte] HeE Aldtsta AP E AHEY] Heo 9 A o+ e W
Q15 SAFS. ToRd 9 AYH, 2 B 299 o]0 fsto] B A E=
o2 Aol s Y HE-S B o] MESHA] XY e dAE =
E23ro 24 1949 O] Fokd-S HEgh 1949 22 wof| ZAske] AAH AR
AA e ghste] HelE AASIL BAS ATt s 3]-8-8H%a. 1968109 THAR (the
Countryside Act) 182 Q@ 22|(SSSN)E2] Thajo| Tato] HAFY] z|Fo] 7153l E F
Aot 1981 HAololE flske] WAIESIH Z|tho]¢)(profits foregone)¥} Z=
AE WG o A9 %A W AfAA BATTE AR 1AL e,
1990 9] T34 39 | (the Environmental Protection Act 1990)(Sched. 9, para.4(2)(a))<
A 78t Q2] REEXNEQ] o Bolo] BAMS 5838 Burnett-Hall : para.5-009.
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1984 2] MeA X151 (the Agricultural Holdings Act), 2000¢12] "4 2 =3
A | (the Countryside and Rights of Way Act 2000), 2006 2] T3-G%]*H | (the
Commons Act 2006) = 200919] Tafof = <ot M
Coastal Access Act 2009)0] Ut} =t HAWAlELS ko F o255 7|

2 w
Hgo} $AE &‘741% VS R o] Bh x\%% ol 23t o] g7

(the Marine and

L

940Kt 2k AF GFe] AL et Az Agon FrEws)
Asigo] Ax|Eo] el 7o WE Zulo] AH AM WSS mAEY
c}. 0] =9 °Jﬂ Zo+= 1945 9] A %% Hobhouse 932} Huxley 9

48 giote] AAAES HARTE BAL 2k gk AnEHE A
ARG 7|2 Ramsey 919439} Ritchie 919317k 425 9lek109) o] 919
5L Zizte] RUAE B0 4ABHY HAS T ol EA TAEL
YA, o] TASL eHdo|E FHHh Tt o] 2AEL A
B HAS 93 FU HIYAL ANFE Aol A4eAg HAnhe
A7t W AREAS BHow ¢ Ak FHAASS Aushrhn

108) ]0} e WAY] Ve A4 9, 'FSAlE 2As A E] Uk A, (3
H02004), A3 AIES HE - 2.0

109) Burnett-Hall : para. 5-003.

110) Cmd.7121,7122 and 7235 of 1947 and Cmd.7814 of 1949.

111) Burnett-Hall : para. 5-004.
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HAY F2oz a8l osto] AR o] AU B9
HAMELS 194930 AHE TAES Bt F7t2AS A 8=
A Witk F7l= dAH Syl sedste AARAA
Hep AgtEglon Jadieet dae Fys HAsH EAdt=
545 AU S0t ZAH] TaE3d 2 ALRIH, (19493 W) (the
National Parks and Access to the Countryside Act of 1949)2 X} X ZH Ao A
A WYL olshat 19494 o] AT} oo ofat Aolat
Ao $o 97 9AAe Qe 5L o2t Adnzel 7 7
=

2% o)g Bushy) ohdith it AYYHEL AAL gl Aok
Aste] olWy ALAS
Development Order)!14)of] LA 3lo] AR AT} oo 3t

112) Burnett-Hall : para. 5-005.

113) FAj= 1981 2] Topry @ AU | (the Wildlife and Countryside Act 1981) A28% #1383}
o A,

114) EA= Art18(1)(t) of the G.D.O. 1988.
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A % 744 ZWelA deto] vebrttk A

= 3 anFeor HAsts ZAlolth 4= AE-sAlol
A AdEE P ddT 22 5ol AE W sEdtd AedE B
WP BAO|ThIS o] WBo] QolAL 19543 19674 Aolo] Rk
S} 19753 9] ToprRY=Al 51 A | (the Conservation of Wild Creatures and
Wild Plants Act)o]] 2o]s}o] EA| A o] A3 /A=t 28y A9 o
doll osto] =FH FAFES 1981d2] Topl 2 AW (the Wildlife
and Countryside Act)o] F2 w7}z X|<&E QQc).116)

AL s F5S
o

(3) oM H AU ®BF
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i
1o
4
o
2,
ox
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(i
rE
L
flo

2 WA G A AL g el
A o] YL o)1 gick o W YFWE ol hH FEo] WA
1 RS R S5t mabA AYFA AEHS TR

Mo gy FAGE A WS Aakeha
ol W91E A ATHIY
vQ_

Ssto] mA AR Eie

et HT

ok

ol AMEIA] F3hAE 3
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5 %
S FETCEHN 19499 RO FHoFHS Hstth 1949dR]e
= ol At AAE AAEAA Aof| gHste] W E HAISHL HAbS
AFe=E 383l 19682 TH W | (the Countryside Act)S 1}ah
FaA|(SSSD 2] #EE S8 HAdo| 7hsste S stk 19812 B

115) Burnett-Hall : para.5-006.

116) Burnett-Hall : para.5-007.

117) 1981 d2] Topad 2 AU (the Wildlife and Countryside Act 1981)2 F=2 1985 9] opid
AU, 198590] Tl B AABAF) M, D 199199] Top 9 AR, o
ofste] of2] e FAENE B LH HPEol 2ste] H(Schedule) S0l A

118) Burnett-Hall : para.5-008.
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Slsto] WAEYA Ffololy TRAE w gL Y xlo—ﬂ.

:3‘

¢ Environmental Protection Act 1990)(Sched. 9, para.4(2)(a))= &}
et R A BEEA5e] Belo] Belol HALS &ggehi
(4) ZAo1gT BAo]le] =3}

AAE A o]ALE]= 1984 of ‘=] XK 7 (Nature Conservation in
Great Britain)o]2hi= HILA S W7Is}e], o] 7]5t7k 1981 o] o]sto] R

mE

1981 W o] AL 1949 o] 7]8ke] A AE Ao BE zAEL 7
ARSI, AL 7125S FHAA} shs A A5S Al A
o] 271 AABS A2 LASH: 5O AHS Hokrh oF 190%tha(Rt =
9] 8% ol4)o] £94F W FGAEo] 150 BEX7} AARAS 95t E
W3t ojojo] QXS AlApgolof sl o] Ed] 159 o] AT

g 7hs Aol Qlths AHLS A4S Hgichi

119) Burnett-Hall : para.5-009.
120) Burnett-Hall : para.5-010.
121) Burnett-Hall : para.5-011.
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ojZet A= kg FRA(SSS]) A 7IEse] FREF Stk
QIS 29X AT YETHA A A(biological site)o]] Thalj Al AR A H o]
AFBINCC)7F 9 %802 19890 710 “ABETE 1ot 2849
A Z]%"(Guidelines for the selection of biological SSSIs)o] whz} o]&{3F Q@
0] FRAor FZEAUM A& 5k Fax|o Ao Bt 7=
=123 1976 o] URIQIEo] &8 7hsstes F7HE k124

3) ZRUMEL HIA

(1) A=) A

oAbA A EE AAH ulAE e FHAE 18040 At
‘1862 WA 1890 2]” 3] AR S(the Companies Acts)o]] &]slo] -3t S 3
AE2] 2] ofgf v]gE] F3I(an Association not for profit)(o|s} ‘3] 2} st
tha AAE It o] “E3)(The Association):= = RIAIES] AAE o] 2t}
19079 9] = rarwlAlerd | & @32 18624 x| 1890 9] 3]A}H
o elsto] AYETL o] Wol olate] sk AAH TAA EL A 0

TR E 93t vl AlEH(the National Trust for Places of Historic Interest or
Natural Beauty)& ©Ju|aick s A olaith1907 A AR A1), @A 3=
oAl ZulAleto] oJFAME9l YAA EXQ] 2.7%E Agsal Q) 47
o g FFAlIEo] AEAHAS] 80%E Tefghel AFRAe] Aafjol whet
BN HeAo] S qlol F= IHAlES AR (AIYAAEA

i

—_

122) Burnett-Hall para.5-012.

123) o] 71252 AARAHOASNCO)S] olsto] 1976 TSNS : 2jsts @ g5}
A QA (Shetland Localities of Geological and Geomorphological Importance), p. 589
Hz2 FTHEYLS. 1989 9] x2)aka wejak (Geological Curator) vol. 5, pp. 107~109
o /|FHE 7|l £EHO 3. AA] Wi E(methodology)-> “Bif A (Modern Geology)
of A&sef s

124) Burnett-Hall : para.5-013.



96 | Aot Fxolel Ash YAES Slsh TR H2PAA AT et

S)eh Sl B0 $AE sua APAALA 5 TREE] o3t
A]

€ 9 AofAIEho) ck AokAlEke 4
MR R - - ARIELA) ST ek Wo) o] 2ol ekl 19074
AB1E). =9 T8 AgS AH4lE, GHEFES Y (the Royal Society
for the Protection of Birds), oFAY A1€k(the Wildlife Trusts) 12|31 URFZ Q1 7|
¥ AJElS(independent CARTs)o] Uty AlERS 1 EZof whagl HZAAE
(Wildlife Trust / Butterfly Trust %), & U = e]ofo]d AIEKGroundwork
Trust / Shenley Park Trust -5), -3-AFAIEk(the National Trust / the Landmark Trust

5) @ R5E AEES Rt 283 g 59 s BRE

N
5 SABEL(1907d R A8 WA Al5=x), AR 9 &1 2 (bylaws)
S AAT PaErb Y1907 A33R).

125) Aleto] Aalr] SaiAE AlEre] 4, 2 WEBZA ABSI7L Glolof . AEy
9l FAHOR i) SlekAbel et 7re] (el JSHA (SIS “Aeralerolet o
oh B i) SIEkAbe] dtiEo] Slstel(o]E “fIAIEolek Sieh) ARRH19619 ] Aleh

PPESE ES)
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AEE WAL Zojolth AlEAE Zolze] 7|4Erk1907dY A28
A ARl Agto] wenl, wA

%), 4 Are oFrrh B7HEETH1907
A ARIR). HAAAS AEeaA B Ao stea} Aele] £ele
AL B8 AXNE AHoF A 2B AulFeto] ATER(1907d A7

d

x), g2 AEAte FRE HIT 27t ok AR A die
3

gH o] ar(1907dW A6=x), =RIATEL 193739 =wlIAlE

SRAEE SIS ARSI 1907 Mol A FAsHE Hhol wreh ZwlAle

2 A=A 1907 WA] WS FolSATHI0TH Y AR, Sqlae
A 22 BaL ) EXo ARES ASSIL WA, i) o|F GrAo
= Wgska weste, i) 7K 3 ol2 ShushAL EAAZIA kL, iv)
oAb olulE AU AG AH nEoR 4R Y E: Al
Q7 mael qrh B 22 o3|, Hao|Aal, sl UuE3], A
239 QAR S0 FHHY

(6) AAFTA
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A6=), 7IAHGEME)7F 7FHsshH(1907AH A22x), ArvbfAre] tigt AT 7]
Bl TR Aol QIFHTHI907EH A23x)

o

(7) 359 A

H3] i) ol g1 K3 &L, ik
SABE7] gt dgte] MEg EX5tA] ofydt A, 352 37t
o= B, 15 2 A4kS FRE AAo] ok AgAgAF &9 Uz
5 Folct. A ollo|d e F59 FHE Hlste] Ao A
CTHI907E ] Al29%). 54 Helxb o]9 9 o] &2 tisji= o] &7
A4 5 o‘D}(1907 AW A30=

F=r IAlEe AH&EH %%XIPJ EXE 18761 T3-R-AR, (the
Commons Act 1876) A20Z7} AL == ‘FHA 2 7FEEHC Z2AE &~8
Ao M o2 TR0 Fe s R A4 o AFH7E SxEHT
(19073 9] T=tyl4le Z11365&) EE 99 A4lEe] Heol= wlAle
AAakel tigh 352 Hdo] ol Fr FgHh ARIAIES] Aite] FIF
& = T BwE de &2 olof AR dels E&H o] WY
TRl QJaliAl P WA L, o] HollA HAHOR YT A
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s}9l - WS opgAlel 7] 750] BEATh 192689 the
Norfolk Naturalists’ TrustE 7| ¥ o2 sl & 457]19] Atz R o] E&=35l1

A EA9) 026%F £f5H Ak ORYAEIEL Fo BEES Hel W

rlr
rlr

712Ql wRE AR e ool gl FUA T2 Aol A
QU3 ge] WEAHelS Hotd B ddoke] Bl ddstaltt w7 7h
7ho] A o] HNL o Zul AetulAR T AY£AE Foto] otk
QL 9HAIT g3 13 7]Qla wzke] W SIet 2elS Eate] 917)9] 4
3 95 Aok aks H7]2 niskach of Asele Aol 7l Fstet
S4 AR 91710 rste] i3] A&Ael Eee Susta olrk

(1) SEALY 25

1962 o=t ‘Ul AlEP o] =4 Q29 Christopher GibbsQ] F#fo 7 sfjot
Mg HESH] 913 it A] el HaQlof 2g Zo] AAE Ut 1963
AA sl T olvl Ay =HITAAYS, A, dek 1o T F4
71HE0] BASkL Qe siehA HEE wRotsly] Q13 o] 2ARE it o]
AlZ10] = RIATER & 1250 o] s QA 5\-%;}51 USRIk oA z=Al Ay, 7
of osff wtajd A7 e BRI ekl
o] A siobad oF 3,000uFd 2} 17321 900mtde] o]== o= LERHTEIZ
o] du|zAl ATE 7|2E B¢ HE Al FYEAE o] FHEc

32

126) The National Trust, 1987, 6. p. 3.
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HE> 2ok A8k sfal HZEF o Fojor T Alste] A
olEg WRITEZ)

HAEALY] 5242 0) st dEAel =vlo] HAaS
i) Foet sftlS HSH HEskAL i) FRAIEC] dA Hfskal Sle
Forale] BE 2 7alaln, iv) sjorAle] mjdr]|E oA 2000 wlesE
BESTHE 47hA R AR EATH) 19653 59U 119, AW 2] @

W37t A o] Aol A ofune Fo| ‘WEAL L FWe FAHO
2 HAYT BY YA 2WolA ofelet o] AT
“SelEe mE o] AW AAGLk olejdt FH Yol B4 ol

o !
T 7ksd Aotk 1Al whef o] Ago] & g o] A2
hil s

AR & e B AFgEel HsiA fARE o & Aotk
1965 44 23 4 ZX|(St George)o] A Lol fiHAdE whe} 450974
5009] SiEo] Ho| A7REL 749 AT 9] & o SHAE &
u] g2 oHIEYE 718 E T SHE S 7Hed ¥ ZURAYRE AAR AL
SERE AFolA ZHFL, AEL2 olF diF ez Rk sfiekade]

AGE QI 1967 THo= H3xH o] Arkel 1009 S E=90] Hgo] T
) oom, 1969dell= AEe] 7ol 9k st uig=Axrol 100mtd e
Gt 197343 1Yol g2 21 <l 2007 g o =dsiict o] uf

127) S EAR, IEAFLY, 1991. 9, p. 26.
128) The National Trust, 1987, p. 2.
129) The National Trust Sixty-fifth Annual Report, 1960 pp. 9~10.
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Mz o] ghEoZ Zlo] ‘tf2- 1000+ (the next hundred miles)o]2tal 3}=
S270I3th

2) IEAL A7

l

1980 @2 Eoo] 5009 TeTo| Tgon 7 & 57 T ofdl
7005 HLER STk T of 1007 TEE, MR 759 e,
HIZE 719 489 TRRE, AP EAE FolA 66¥F wHeSrt A
e % QlEe] ZRgelt of Al7le] Ael BRAY Mg 100
ope) ofe ShaElgieh A2A vjS B3tk S Ee] FRIAIE] 2Rk
sobl Aol of acoubelell 2Tk UmAl %A siotyl 900mte] of

K

drto]] 23d 1985 9] “WEA 2 205732 7d Lol =riAlER e de]

[¢]

o 447 (Lord Gibson)> 47 207t “Hlw5A 2 9] -5 d¥hef v
= 71A A2o] HlEA e AeuE AdsHAThB0
2097 “IEAR ] Aibe ZAN A= AT sieH ] wirE A
zEo F5 F st BRIV AFF AL Fftde F2 2nlolA F
7] wiZoll sfehel wieA] HAdo] S5k ol2Rt vhdol dztsl A2zt
w29 HEA L s T FAe AASATEED
AA, =Rl I Fde Ay sihids EEE & =S siehal
ST HAS fdl 7IeS A5 A, iAoz RE Lvfolkel
R o BT A, &5 A o2 sfietd e T owiE
Feo e HAs] Sl S BA o= A
e 3 AF AdE dstthelE SHAlE A
© HE Aol ¥ HRE 3] HEolt ). YA, sieke opdE K
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130) FEATFE, p. 27.
131) The National Trust, Our Beautiful Coastline-Don't Let It Become Just A Memory, n. d.
132) ZAA.



102 | ioF Z2olo] sl WA 9Iat 294w TelAA A uet |

L OO

ol
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SH ool 2o FANS EESA Hi A9 FUALLS 1
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T s

3) IEALY 4389l

WEAL S AT 89102 NS B 5 ek
o
=2

AR, sitAdolzte "ol AlRAEE dol =Wl 45 AAE de
ol Ak 1930358 40ddio] A F4E AT HAA| g 2
3] Ak = 717 et Al BE de B 52 Al
= THEE & SFRAFCIY. T gAY FRIIA|] Ao A Hof il
HaEA = AR HEAZY 2315 o U 2k ARdolth AlEf] H
AR ooz AlEd 9 ATy FAE A Aol =RlAlEe] HSE

=4, HEAR 2 A7l A% EFolink 1960 =2 AEA

Abdo] AFetal ATk o] Al7]o] APEE] st HEs 7 A2 5

133) FEATFY, p. 27.
134) The National Trust, Enterprise Neptune, p. 6.
135) S =AY, p. 28.
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136) et 95 HATE] 2 A=AEA Ago] YL v, FUAEL WEAT Y 2
gomA HA ANAL AT AL AT AL} WAl N mold mFoL
oju] 128k o] o]2FH 1 FRA QA AR FUZ(THE o] ¢k AF8hA] ZHlHh.
The National Trust Annual Report 1981, 1982, pp. 7~8 Z=x.
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3 ZEY Aol ol BRI FAT FAES o BA HET RS W

Aok WELS EF APSol AT A4S HEFE Aol Pol
el

HE 5 &S HAFh)
5) ME22 Horzta| Xy

(1) 383 &

G Mo FAI IR, Aol 2330 FEAOR =4 HES 1949
d "ot 51 | (The Coast Protection Act 1949)3} 1949\ T3 2 A
9 (the National Parks and Access to the Countryside Act 1949), 19813 Tlof
Ayl A v | (Wildlife and Countryside Act 1981)¢] It} o] HESLS &4
o] BEX| AfAER stola BA| #EY s el 359 91 9o
T2 olFE A7] EXO) et HLS wiHstAY At 4= Q=S 5835t
o} ey FRY ko Esal A FRA1Y 10% Fro ARt 35
o] Htol ol 8H; MEL TaleF W A%k w2 et of e
AAZ 7hHsh= THH 35 HAEEE Fdists Ao| J-oltt g =4l

137) http://www.nationaltrust.org.uk/main/w-response-windfarm-oct2010.pdf.
138) The National Trust, 28 June 2006, p. 3.



2) 43

P AR AR Al AE

1
i
i
P
o
1)

H)gk= A ollA 2002W0] “BFEAHIA S
Steward Report)S 7Fe¥stgith. @=175 = 20060l 3 &FR H(Marine Bill) 2]
2R3 Hlof| T3t AFEQAHAE Z7EtAc AEQ o it GAELS
2006 109 F3E= QI 2007 3L F= AHE7F 2t Taf
A AFBEES A&7HssHA Wtk J2o] doF AP BT}
AT 2L AA 55 =Ushe AW 2S00 Wt AHS EokThi40

(3) AFALs+H A=H

20090 AAE gG2o] Tajof W Ao AW (Marine and Coastal
Access Act 2009)-2 A2-E FHEAE =5 TEIED o] HE A2 3
AH

AT ALFE Edstedl, o AR ALRS FEo Akl 4

rl

139) The Daily Telegraph(LONDON), August 1. 2007 Wednesday : “But the Trust does attract
controversy of its own. Its backing of government plans to open up the nation’s coastline
to public access has been met with dismay by some Telegraph readers.”

140) http://www.legislation.gov.uk/ukpga/2009/23/notes/division/2/2: ‘background’

141) http://www.legislation.gov.uk/ukpga/2009/23/notes/division/2/1: ‘overview of the Act’
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142) Part 5 of the Act provides a power, across most of UK waters, to designate new Marine
Conservation Zones(MCZs), in place of the current power under the Wildlife and
Countryside Act 1981 to designate Marine Nature Reserves. Existing Marine Nature
Reserves will be converted into MCZs.(summary 16)

143) = =UAERE 20079 9d oA JEHE=et HdL d9fd kY ofdHEL] kAt
B9 9% = 1,110knE 4f-5t AFA o2 Ejstet Consultation on Proposals to
improve Access to the English Coast : Response from the National Trust, September 2007,
summary 2.1

144) The National Trust Coast Policy, March 2006, Our Management Principle 7.
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Provisioning SECURE RESOURCE ACCESS

FOOD SECURITY FROM DISASTERS

FRESHWATER

WOOD AND FIBER

FUEL

Basic material

for good life Freedom
i VR /. ADEQUATE LIVELIHOODS of choice
Supporting Regulating o '\ 2 :EEE&IENT NUTRITIOUS FOOD and action

AT ELE CLIMATE REGULATION / OPPORTUNITY TO BE
SOIL FORMATION LSRRI CIIL ATl | ACCESSTO GOODS ABLE TO ACHIEVE
PRIMARY PRODUCTION DISEASE REGULATION WHAT AN INDIVIDUAL

WATER PURIFICATION ] AT AT

/ Lealth AND BEING
| STRENGTH
/ FEELING WELL
Cultural | ACCESS TO CLEAN AIR

AESTHETIC | AND WATER

SPIRITUAL |

EDUCATIONAL

RECREATIONAL Good social relations

SOCIAL COHESION

MUTUAL RESPECT

Source: Millennium Ecosystem Assessment

COLOR WIDTH
Potential for mediation by Intensity of linkages between ecosystem
socioeconomic factors services and human well-being
Low ——= Weak
Medium ——1 Medium
Il High [ strong

A} : Millennium Ecosystem Assessment, 2005, p. v
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staal sl A, ¢ldel 2R 7FEL w19k 1,500 0], 2009 Hhch
A AFH LA 23410 9™ molty. w2k ZA A THAE F ke
3k 2,6939] 1,8500F Yok

ﬂllﬂl

o 3 1

@ AR 71

2AE ehattt SEE S8km Aol 1A FAAHES SEvEr Y
o] HeArla YA Th o] I AL ) 37ahol| PEls HAAAstAs) em
ek olofl gt 74l BAtEE HAVkARE AAVRAS THES Fetho]

s "Adsls 1AL 2000 B w8 AHAE B 4314882 0]
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3) FEAMFR, A=Y SANFAG Baxe, , 2010.
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4) G - S| FFA7ET Y, TCOx AFA7IENLAAV), . 2008.
5) SHFFALE - AFFATIETY, COy S FA 271 E /IEARI(I) s , 2007.
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| REH 3-13| AHA 274 (2005E=100)

A vl B
20094 12¢ 113.8
2010 6 115.5

A= . ZA A (www kosis.kr)

® A= 240} AAH X Bt

WA S Ade] HE W] o] AHE Wast Ak <REw
31450 AAE Hhel Zol, 20081 712 $-2ubeke] AW WAHS F 2489,
kore| Tt

| EEH 3-14 | 72 WOl 21 N

9] ¢ kar
A W )
.?--E‘: A
A 271 | FHEE | AR HeEbdE | 5 A
TRl
AH A 703.9 168.8 358.8 117.7 1,036.9 103.3 2,489.4

27 . AEIFE 2010

<HE3 31459 o] Aol WA Aws} ki IR AN Ho| gon
7 31252 o] gale] A lkivh ATt A7 AAE S T
REE 3150 2T o4 7} ThE Ade] XE HEHown

4
SIEAY 7S 2k APgeth SARE A5 F97)

Abo] & BEEE Aol Ha) FuFo] Relshs Aol ooz
HAA Ag7)50] 139 8008t Whid, 4-AA3k7150] 691 8005 L

d, o]7}7]%50] 29 3,500%F Y/, AR 7] 50] 29 3,4009F /kn/ A



220 | oot Zgolol A& uAlE 9J3t 2940 BeAA A Bt |
ojtt. matA A lki= AZF oF 539 o] AAH 7HAE Aleskal A=

HEE 314 P <REE 3152 o] g3te] AT AU Az A
S

G <RBE 3163 go] FAT 4 ek AF AW Azt AAH 7}
A AR Aol 42 290 9, S ARE)o] 1£ 51359 9, o7t
7150l 58259 9 AAA AFIIEel 32 25619 9, A7) Eol

| REH 3-15| kg WHOY T A FNN A(2009E 12¢ T|F)

g | 2 A9 | A |
As e | g | e | | Az | e | 22| aa
71 715 715 715

BAA 713

(muk SUkid) 1,608 608 234 1,308 235 1,393 5,386

| REH 3-16| = WY AN TN YA (20093 12¢ |F)
(29l 1 o Hhal'd)

g | 53 AAA | A | .
22 | | oan | | Az | wa | 22|
- o il T E I B S et
71 7% 7% 7%

olAd 1,1318.7 | 4,279.7 1647.1 9207.0 1,647.1 | 9,805.3 37,905.0

7] 2,714.3 1,026.3 395.0 2,207.9 395.0 23514 9,089.9

Y= | 5769.5 2,181.5 839.6 4,693.1 839.6 4,998.1 19,321.4

= 1,892.6 715.6 2754 1,539.5 2754 1,639.6 6,338.1

H
ﬂ_“
Aebd | 16,6734 | 63044 | 24263 | 13,562.7 | 2,426.3 | 14,444.0 | 55,837.1

Ad-HAE | 16,61.1 628.1 241.7 1,351.2 241.7 1,439.0 5,562.7

3 A 40,029.6 | 15,135.6 | 5,825.2 | 32,5614 | 5,825.2 | 34,6773 | 134,054.2
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TS Aelstark $evt o188 4 Y AR I AR A
sjolo] ez AAH 7HXE 4 ATHs AZE 462 72710147 9,0950)
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| 227 3-17| Q00pe] AN N B

B Az A 74
i 3% 86509 ¢
e 2,693¢] ¢
2542 227291
FAEE 139} 7,800%F ¢
e 132 2,940 ¢
=ded 535821 ¢
A 13% 40549 ¢
SEE A o2 12 1,02799~2% 6819 ¢
A 463 70719472 9,0959] ¢




222 | Aot Z-zolol s YA 93t 2845w eAA WA uot|

L OO

-~ o =

<HER 318> BE Fu) Agksjelo] gste] dwbel 77t 24

H Zler Helth AT AFARR FrbelE7le AT & Aol A
o o =) = o u = |

o|RolW TN AL 7k HFEAAALY] Bol4S BAF Afo]r] W
=] = = 1 ) o] T L

of &gt gholgkal s offrh E3F f.=A4 A, At I 5

= L p =L = =] - S
g dorsfele] v)o] By wite] B Aol ANsHE FrHAE Hag
=) = L ol
o] eletafele] Azt ZhAeta M o] o g Aol
| HEH 3-18 | A9 FNN A 378 ALAE

o A o o =

=) Z OFBL A ZLA w 1_:[!' x_;f—'_ Z]'E e} = 2 2009]15—1 7]—‘5

= 3l F2t 7 Ak 8‘7:!' dAw |9y | dw AFAA = S7HA (RT3

T T
AR O | 2010 AR EY | 32 86509 ¢ | 3z 8,6509

- =4 O | 2010 = B8 g 2,6939] 2,6939] ¢

Tl s A | 2010 2,2729] ¢ 22729 9
Azs A | 2010 S F4=AH [ 132] 7,8005F ¥ | 139] 7,8007F
s
57 E O | 2006 | CV | 2006 | &fkAts | 32 86139 o | 3% 86139 ¢
HAbE oo O | 2006 | CV | 2006 | @foFg=At | 4% 88359 9 | 4% 88359 ¢
AR = O | 2006 | CV | 2006 | &fAits 77821 € 77821 €

a4 2 g O | 2006 | CV | 2006 | #fok4Ats | 3% 41479 9 | 3% 41479 ¥

23 Ad gx O | 2006 | CV | 2006 | afFg=atst 2,118% ¢ 2,118% ¢

;:3; ol 9w 29E | O | 2006 | CV | 2006 | B kgAb 2,4029) ¢ 2,4029 ¢

°T| AHE mol Ax O | 2006 | CV | 2006 | alfoks=Arst 1,3189 1,3189
LAY TET Y
R P e O | 2001 | CV |2001 | &fokdAry 7209 ¥ 915.49) ¢
grdsdTdETd | A | 2010 Bl 4= AL 389489 ¢ 389489 ¢
i B ] A | 2010 ol AL 54799 € 54799 €
A
AotE Al O | 1997 | MV | 1997 | o], 949 1,048%F ¢ 1,0679F ¢
Arte A O | 2000 | CV | 2000 | A&EZF01HA | 3,793 ¥ 3,793 ¢

QA7 s o | 2001 |cv | 1999 [EAEFSE 19570 @ 1,737 9
= o -
SFAE A O | 2001 | CV | 1999 | &fokits 7320 ¢ 7249 ¢

7]

A M AH A | 2010 ZESFE | 3% 7,905 ¥ | 3% 79059
37144 A | 2010 R G 9,089 2l 9,08991 ¢
Sy A | 2010 TEIFE | 1% 93219 ¥ | 1% 93219 ¥
AEAH A | 2010 =25 g 63389 ¢ 6,338¢ ¢
AN A | 2010 ZEFE | 5% 58379 ¥ | 5% 58379 ¥
AdB A A | 2010 = B3 g5 55629 55629
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| HEH 3-18| QAQMIA9 FAN A 7 FUHAFHI(HS)
]

% 3 27 ApAL j‘éf‘i T |dg| A2 |aramaal  Fa 20?%% g}')%
-5 A
AT A A | 2010 %‘%’gjﬁn 6,039.5 ~ 11,327.09] ¢
SlEiineis A | 2010 KEI 859.9 ~ 1,612.82] ¢
278t A | 2010 KEI 1,082.6 ~ 2,030.49 ¢
N hie=aa A | 2010 KEI 2,623.0 ~ 4,919.59 ¥
SR AT A | 2010 KEI 44155 ~ 828139 ¢
g2 735 A | 2010 KEI 979.0 ~ 1,836.19)
AR 7FE A | 2010 KEI 2,650.9 ~ 4,971.79 ¥

8| slstdel A | 2010 KEI 196.4 ~ 36849 €
gErst A | 2010 KEI 5289 ~ 992091 ¢
T3-S A P ZF)
e 317351t a | 2010 KEI 4454 ~ 83549 ¢
R AR A | 2010 KEI 539.8 ~ 1,012.39] ¢
g QA AshE A | 2010 KEI 1,395.0 ~ 2,616.4% ¢
AH A Mk A | 2010 KEI 263 ~ 4939 ¢
g dst A | 2010 KEI 603 ~ 113.19] ¢
SFoFo) M5kt A | 2010 KEI 10.8 ~ 2039 ¢

AN
@)
=
BN

AR AR ZAY), MVCAAZI), AL 2 Qo] HdeR 3 54



B 2 4, Costanza et al.(1997) & N I

Costanza et al.(1997)= A A|A S A7} QIZF ALE]ef] 7]ofsh= 7HA &
7SR A ABIA)EE RS ok, 2 AR AE R A AA7 7R E
713 v} Qi o] 7)o A= Costanza et al.(1997)9] AFR(AH]|AH ThojH 2]
F 717N E olgsto] SEuvtet AQta|d o] Ao 7]ofst= A E B
7¥skarzl sHQAT). Costanza et al.(1997)0] B7et AejA 7H2d -2t ¢
QFaf ot e A= ALY A

W] ZFE skt
a3 EA W] R ALEA ol

SEAEAS] 7147t Bt

o] -
AR

SHztl AR AEIAl Aulas 87, thEE AEAE S7HA, 9t
AEAE 67Hx0lTh 2F A Aulad S RAY A <RSI 41>
of AAISFT
| REE 4-1] QM09 YEH NHAZE HYPING A
oAl
el A = ALY A . Aora]
(1994US$/ha/yr) (1994US$/ha/yr) (1954US8/halyr)
AR =) A7 567 1,839
FFAF <% 21,100 1,431
eded A3} 6,696
NEZA 78 39
A A7) /L-A1 2] 131 169
A)SFRY AL 521 68 456
Adz2y 25 2 162
o] 7} 381 658
o3} 29 70
) 22,832 1,610 9,980

A& : Costanza et al

., 1997
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1}

3k 4-1>0f AA[RE Costanza et al.(1997)9] AQtal ] AefA AlH] 2
El HAG 7125 o] &sto] fejubel Ao o] 7|7t E Bkt
A= <FE3 4220 AT AQtaiH o] W9l Faie] W= 5F%
ou, &g HAHoA= AJMFAE A5kt ESF Costanza et al.(1997)
o] AAIEE LAY AL AB|AE TEA| = S5 Y] AE7EA] 2T
Uehs 7Hx 2 2a, AQtgA|o] 7S 7t di= shtsAlE AlQet
HAS o2 3Gt} Costanza et al.(1997)0] AAIEE 7F2]L= 19944 US
9elE 7|Eo R 3 ghol7] wiZoll, 19949 $H8(788.7/USE &)} An| Rt
E7A]42(19941d=66.876, 2009 A=112.8; 20051=100 7]Z)E o]-&3}4] 20094
71% 7HE UEr Sl

r A
:le-lit

Costanza et al. (1997)9 NZE ©|83r0 Fet 22|tz

=R A2 cioroper el 3 1A
BAA 7HA
T A 2] (kar) B IHUSS/yr o] Y/yr
(19949 7]%) (20093 7]%)
ol St 2,126 4,854 64,574
ot | gEE(doksAl A9) 81,937.09 13,192 175,492
Aok 2| (85 A A 2l) 1776.4 1,773 23,584
LA 85,839.49 19,819 263,650
StEAE EFHE SHFAYHAL Azt 7ol 6% 45749 o
B7HE R oH, AUSAE ALt due A= 172 54929 9/d, &

SPHAGITLA A Az 2% 35849 A AAH S A=
o At 72 AHA $39 NS Gote] AL Lejuet Aok
sjelo] ¢zt 7|17 262 36509 WO BT
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Abaliefo] S-2uer Aol 7lofst= 7HAE Ald ek o
A B7ystaiat skl S E 7] @9I= k= BAITHA BrkeE g oy
A5 FF SR Agshs AAu At Brke dskslelo] Al gehs
Hulag ol galizt] £9Ja Qlzke] wEAT} Adge] AL EAlo] 3
3 % 9l whHolt o] AT AR WHES oA Wl (emeray
methodology) ¢1d]], oM A= “3F 7}2] Zjsh} Au|AS YAsk=d) 27 18
3 PgoR Bt @ 2Rol ol st ofux"E A el@tkOdum,
1995). 2=, 3k 7bA] AE AElA7t AT Qe ofuA] B A oS
o AAsheE] £t BE oA da) T
ofo)7] Aol ouiAuie AL B % gl o] thErke
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Atal el o] oA 7HA] & ﬂ7}6}~tﬂ a3 Aue= 77 AR
25 EUE siglen, 7 7|E A Bt Zad FAARY 7HE-
A w il 2008 F & 3T

oAl A Ao 7HAE Brlee A A A" A
o] 7kx|¢} 715 7HA 9] F 7HA] WO R s 4 Utk AlAE 29
7= At AA AEiAY oy A Y EdegY] A e
7xolH, 715 7HA = ol#ldh AAAL oy 9 E4 55 ke <
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1) AASNHL oHX] Ftx]

S-utet Afte o R fYgdts AARE olUA7F Fgske olHA

2> <$—%§ S-1>ol A A4S B, vhE, Bl 9k, 2AUAE §

F oA ekl AvA] WMEEE Fote] Az olHA FUAFS

Skal, o] 2008 -2juteto] ofjm X]- 3| H|-E(3.07x109sej/#) = LHof

ZF emvalues Foklch ATt AU A fUF 7IEo R HgFAHAZE 7}

T2 7]194(3.98x1020J/yn)E BFAAGE oHAFO R 22| 7]
o] T£(2.0x1023sej/yr) 7} 73 =9kt

rsi‘ ot

2

X

o4~

| BEE 5-1| Q2L AQASAOZ QASH= ANY AUHAIQ OHA BITE

Solar Solar Emvalue

No Item Raw Units Tranfomity Emergy (Em¥iyr)

(sejl/T) (sejlyr) y

1 Sunlight 3.98E+20 | J/iyr 1 3.98E+20 1.30E+11

2 Wind 3.22E+17 | Jiyr 2450 7.88E+20 2.57E+11

3 Rain, chemical 4.67E+17 | Jiyr 3.05E+04 1.42E+22 4.64E+12

4 Wave 2.03E+17 | Jiyr 5.10E+04 1.03E+22 3.37E+12

5 Tide 2.70E+18 | J/yr 7.39E+04 2.00E+23 6.51E+13

4.DE+20 2.0E+23

3.0E+20 1.5E+23
- 13
s g
2 2.0E+20 1.0E423 5
5 g
S 5

1.0E+20 5.0E+22

0.0E+00 —_—— 0.0E+00

Sunlight Wind Rain Wave Tide
S Emergy ~*"Energy"
QBJL{E QOISO QU= NAYE OfLAQ)

| 2833 5-1|

AAUANT 5 CIHAIE Hiul
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v OO

[e]
=T

Oll

vt Aot em Fdshe olHA| =
S oA FolE sk b 2 27 BEE vl A mesct
2o Selikeh dokaiele] FEshe oWMAFS gk 20x1023
eiyrolch o ZrS Saluare] 2008 oW A-BAEE o] @izt
emvalue 2 ZHAFSHH 652 1,0002] Em¥#/yro]| a3ttt ol= gyt et
sfjefo] mid 2] AAlel 71T 4= e S YEhdth o] & -7
et Atsl WA O R o] gt @RHA G oHA] 7]o7t A &2 UrEt
WA 7,581,000Em$ ha/yrof] sty

ol

| SEE 5-2| AOOo] {1 oA O TIA|

Emvalue Emvalue
kel ?‘iz
1 (k) (EmWyr) (EmW/ha/yr)
=t 85,839.49 6.51x1013 7,581,000
A7) - QA 11,022.27 2.33x1013 21,173,000
= 8,749.02 1.53x1013 17,442,000
e 4,664.03 6.66x1012 14,281,000
Ay 31,875.43 1.57x1013 4,917,000
A 8,145.76 1.48x1012 1,820,000
HAF 1,374.58 2.72x1011 1,982,000
LAF 1,196.61 2.29x1011 1,916,000
AE 8,389.74 3.47x1011 414,000
Al 4,009.52 2.29x1012 5,719,000
AlF 6,412.52 1.18x1012 1,845,000
7.0E+13
6.0E+13
%5.0&13
54.0913
% 3.0E+13
s
N 2.0E+13
1.0E+13 I I
0.0E+00 . — — — R e
2 zulelE &g ®HS  ®g A 4 z@=2 oz HF
oa|Lyay

A O1I'31 [ IS Hiul

rQ
o
=
19
nE
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2= 7] - A At owA] 7FA7F A%F 23% 3,369
EmW/yr=2 7} =9rom, &AL dAgta|ddo] 2% 292991 EmWyro =2 714
ol g doks (152 6,7459) Em$yn) it 23 edobs <(15% 2,599
Em¥/yr) 9] o] 7o EF wokth 2 g dShsiy wAo] th=rh
< de Actste] DA H(ha) WA TR gkt Ao A= A

- olH dota|olo] o|m ] 7| 7Fx| 7} 21,173,000EmF hafyrs 7F =9
o, S A3l H(17,442,000Em¥w/yr) 2} A& A3l <(14,281,000Em¥#/yr)
g oA 71A7F217F =A] B7HE S 7] - A, S A
Aot o dActai Y] SHHAT AHA 7|7k A

SA B EHAE oflH A Z]A7EA7E TR W
74 E(414,000Em¥F/yr) © =2 L EFGIT]

o ofl

2
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e H 4 Lo
o, il
r:t_] o
b 2 g
o1

2
)
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flo

- N N
5 =} <1}

cho &g oflof x| 2}x| (1002HEmwon/halyr)
o

o
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= Al = s e aet o —%F H|ZF=
918 53] oL AR LUNNG AN oA I

2) x| I
(1) ollHx| 74

[$571Y S4jel LheRd uhel o] AABEL e et B 24
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53} 22 FAUAE ol gsto] AaAgo] BT Astet §9L AR,



230 | oot Zzolol Al WAlE Qgt 2940 A FHA dol |

L 0o L ovu

2o
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) Asket 90| W, Wikl W Ast g, Amo) o
AN Shel oRolth. ABket S AgolH a9t TFY F
wet 2AEE AR o3 A, ARTHALS Aol Holdt

Yol Aarel g0l thal XA sH= 2|22 Alwillingness-to-pay)
ook,

s
ot
&

1o
ol
=

S~
el

ou

Az}, 89, A=,
iz, A5e] T

AA@7do] ik
Azkel Aul 2

QN

3 A

REX

T ARTHAS <REIY 5450 »}Ew upe} o] Astet gl
Aol Soizh wEu FoSI(LYel A A O hehdl 22, ol el
Astor Golo] wrEoiA Y Sojzk Ao de EarshA Eata glck
weby AEAE olgste] WAR BAAAY AAVAALE ofF &
o] BAel 7lolste 1S WA Bk Skl gk

ofol wheh Odun(1983, 1996) BAAHe] A%at Ade] FH 1zt
94 wESW ofUel AU AT TN AT o] 7ol

27K TP 5 9 BIPPHOR ofulK(emergy) HdS RS
ANl Aol A 709 Brreom sujal oluxS AHgRch

ANAL “3k 7hA] A2 PAHRS BEE o] A e g
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Heog oju amE 3 FFHY o] 7hstt AYAR A 2= (Odum,
1983, 1994, 1996), T Z+= emjouleS AFESITE =, A A0 71X 2L Q)
w oyA #H e 7HA= @A Hob = AAl AYUAZE ofy e o2t &}
Hol AL 71742 2R EHUH 2= o A|(energy memory)7} o5 A9
A= ZFAjoltt. o= Ak oA aRE A" | A7F gl -2
7F o]-&3h= AU FAEA = Alol7] wimoltk dAY oA Zid
oA A= tE FEi olHAIE Blus] fsf 7IEo= AR 7t F
79 o8&kt AUA = B ol Alo] ™, )= solar emjoules(sej) o]t

O0dum(1996)2- oA ©2J(AE =01, Joule)= YERH o x|Fo] 2
2t oY 9 F/7 thEW d4& T 5 e FE(S, olvRI A energy
quality)©] ThEHal FASIHA, M2 g AfUAE HE o D3] oy
Ag= Hotd ¢F "Hrhe e A2sHH olo wef omA] BFrlolA =
oA Zgol A AAIGE Hiel o] A= HE oUA|E Hlwd uf 7]ELe
2 AR 7 M SR AU Ar R WA bA| Hok

SR A O] HolAkeS A2 S¥ B A A EETAEDTF
FAEFE 445 ofyx|9 Aol § &t &, IUA7E vA=
ool 1 9 ARE 7L B WAL, sk TAlol HiRt 2 A 3R
HollA HolAkEe 49l GAIR Z4E o] do] ¢ Erial g

oA MFoM= A= tE T/ AUAZE 7HAAL =
T Qe 99 Aol F olgA Aol AolE oA WHER UERlth
AN|A HMEe= gk 7HA] Au|ay YikEol vhEofRl=d A B 7Hd
oz BYgd ouA Y FA(S, oAHANE o] Aol 7HAAL = AA 9
UAFo 2 e o 2(0dum, 1996), ©= Alitoll ARESE Afzof whet
emjoules/], emjoules/g, emjoules/$, emjoules/H S o3ttt SHEAYENA Y
HolrtEo = HFHA], AEEFaE, sEETIAE olRE 495

MR M7} Ak F7FshalAr Ao AA| o | A7} oyl A] gk

iy

i
i o2

o2
s
i)



232 | lot Zzolel M| WRE et 244w wRIAA A ket |

£ wotH 1 Aol ZHA AL Qi oM AIRS DA Hok AR ow A 3
HolA= HFAHAE 71 olvA= o]&35t7] dizof oA Hete
£ ooy A & X(solar transformity)2tal 3}, ©]+= solar emjoules per
joule(sej/T)o] Tk

(2) olliX| 7tk
ooz b A A BAR TERESE, 2 A S P
o male PEL °‘01U4 oA GA AL AYE Bag o] gstel o
ok Al WA SAAE oK BES ool B
7el7] 1% ool A5E AL

@ oA 2E] tholo Y

oA F7rel A WA TAl= FrHAY Alage RS0l oY
Aot 24 58 B oA AdE] Qi A WEYL T2 Tors
7] 918 BYE gt sAolthATth Al 5, 2003). o w1 Hrbuel A o]
3t S W] §Iste] AMgSHE mAY Bl ulake AlxE Alesa
¢l Howard T. Odumo] 73St oy XAl A ¢10](energy systems language) =
(Odum, 1983, 1994), o] 91o]Z o] g3fo] Y= WS ofLi 24| 28] Tho]o]
“1H(energy system diagram)o]etal FEr o UAALEH Qloj= 5ET 9
ujEo] FolH 7| E5e ol8sto] FrIAEY 29 Vee AAAY &
AolA mrefel 4= QA dlF= BEy Ztoltt [REI11 52]0f oYX
A28 Adojo A ARgshE 71259 odlE AAISHIT AlHAALF to]
oJIfe W= A2 A Al BAR Yo diuFEaE 53]

D> 1A Bridi o] AA 2. ole B7skaAt she didat 24171
FARIA &S sk A oIH(ETHA 5, 2003), °E
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D> 25 A - 7 AL

AUAL: Sy rE AAToR GelE U A Sol A
AR fAEs B B 49 5 5 5 glon], Sy} olRoR
2E Sl SAER ST Selvet AR AN oA
oz 7R3k

AR A" o] AAEE ofir] Ee BAS Yels 715 CdE
B0l 29 B4, 582 54, B 8 9 AE5E 55 AL 7%
2 FAS 4= 9lon, 7] £ Ala; A &2 7IA= A% 7]

Aoatg AR 02 Peol oix] 58 EL B 530] Jutgalol
Hze 35S oy 4L Y 713; a2 So, 4, 9ok
ojatskerasl whS ko] 7] Bo] AAEE e IS o] |5S ol

shof Upepl,

WA NBATY R UAE olgstel HZe §71%
RS 9 /15 A 1EE A9 Z0S AL 9% 3, @
Hel SHAL ke BN ek AL 8 S 9
o Aeage anlgichs oAt 2ulgol g, £ Aglol A
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Open Sea Ecosystem Open Sea Ecosystem
(a) (b)
C/—\( \ C/—‘\i
urrents Ul'l'gfl S
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POM
B

Open Sea Ecosystem

Phyto-
plankton

OO,

() (d)
(a) Al2E] A A, (b) QRUAIY ol (o) Wi TAaL wob, (d) FALL 7+ A
Au sl AR AE 7)E 92

| #2303 6-7| CIUAANAH OO S 2= LF(YHA 5, 2003)
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Solar

No |Items| Raw data . Solar emergy Emvalue
transformity
U] xxx Ilyr, glyr, or SZJT/J;C_S/?/g, Raw datax Solar emergy/
$/yr, Wyr VS, Solar transformity Emergy-money ratio

sej/ W
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- A A A(No.) 1 B7FFHRE] o[ HA] ALRES HojEr] 5 =4 W%

- 7 A A(ltems) - BrHHES] WA R E fEUse olUAY =
Ao 35, F7id ALE WRolA dojub=
=dolu ovA 55 9 AL

- Al A A(Raw data) : B7FEE] o HAE ALlsk=d a3t AR,

drbzloz AZF oAUy, =gy E=
SH|(S/yr e Wiyn) o] o= e

- Y] WA H(Solar transformity) : H7}8H=E2] Efjofof x| HEE,

- oA A A(Solar emergy) @ B7FRE2] B H A=, Al WA Ao
Aot vl WA Fof giofolldA| Heke
£ uoto] €2 @&

- oA WA D(Emvalue) : PR HA DO o HAgtS F7HRAY BA

oA shHvlEE Uss gL

@ AHA] R4
Al HA dA A= o H R FH7IREE o] §ste] WA X=F ALl
of Fride] 54 ottt of7loA= o] AtollA ARERE oA
Aol tisff a7HstSiT
7}. olHX| &tH|H|2(Emergy—money ratio, EMR)

ofv 2] St ul &(EMR)S el ool AP deh A5z, o
wo® B A 9d Bk ST oM ABE FREAeR

o] itk HelolA] o] EMRE ofmxme shuuelz uhz 4
SI%% Ttk ol @A FomM ouix] Brrazet AASHA BrHAE

K

3 4 oA =k
EMRS g7htiat AAle] slol7} pujat 4 ol ofu x|, = s
o w2 el YEhATHOdum, 1996). EMRO] Lo 22 oko] sz

A g ol oEAF, 2 A8H B ok A2 on)3

r
e
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rlI
2~
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fru
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AZNE=7e] EMR2 AZl=9] EMRETE £t} &, 57k o9 Sz +
e o= e olmAFel | gtk ol <F=11 5-5>0f YEhd vhe}
o =& AEIA W= AAf AMAITE AA A L] A A ARGl A
AAshz wlgel 27] ol

<-2utel A2 20039 EMR- 2.34x1012sej/$(1.96x1012sej/%) O 2, Al
A= 29 EMRES YERY Qict.

Lt. Emvalue
Emvalues= oM 7} 59| omA|&FS shuchelz vepd gheld,
2} 5ol dis) AR AHAF2 flolA At o] Shenjez v
of gtk Emvalue® T Brio| 283 Shychiof]  whet
Emdollar(Em$), Emwon(Em¥)3} Zro] Ueldth Emvalue= S|HZ] F7H&
ol AR AARF O oA THAE ST R BHtolFoZH A
oA WS o &7t ZHA 7 Aute} vlud o A sfiEth
Ch. oIzt oIHX| AF2ZHEmergy use per capita)

b &
LA oAHA ARG =7F B A GoA dd FF AREEE oA
o

L QTSR e FOE, F7h B A9 YUSES ety U]
G oA AgTe] WeSE YUsEo] Brhh A2 ulgich HB4E
o WO R AGET Gt NEQ Y FUFLE

e,
o,
oft
=
>
>
o
ot
l

37 UrebdthOdum, 1996). -zukete] 2003
2.96x1016 sej/capitaz® AR=r =20 A3

2}, 0lHX| AEEH|Z(Emergy vyield ratio, EYR)

B AANA AR 2E AR oHA(Y)E ALE ReR
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of=] 2t&H]& (EYR) =Y/ F
BAESME (ELR) =N+ F) /R
ofl=] z]<44dul& (ESI) = EYR / ELR
| #2313 5-8| 90A] Al H WEZ (YA 5, 2003)
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QAFE T grolch Syt Ak 2003l A8 A ofj Aol
A ARSI AT 1Ee %R e, olF ¢lde
Fotol Qe A HsoIMA FH QTG 20036 HA AT 68%
o #IHE 2585k PO Lhehdeh

HAF Sae] AAAS skl Alete APgRe AL
s I S sl A, ol 40 AA5] 7
oM P ofei et e Aedgo] FRFHE olmAle] vl go]
= 5)7] ojo|cHOdum, 1996). AU S5o] HA
Zufeke] 2003 Q882 2,6107F HO 2 2003W A= Q1G-S 54.6%
ol sakalc.

o
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-

CHIHAC) of|HX| AF2ZHEmergy use per unit area)

N A AHEF B AATE dd 9 AREEE ol
2 o] Jtotet), A AAgEY 314 ol et
A5 teHOdum, 1996). &, THAT ofw 2] AgFFo] W45
O] =7t Akl & 4= Qi AWt o whejH A

AN =7t HAo] & vrekollA wrh f-2uheke] 20039 T
o 2] AREEFS 1.43x1013 sej/mY/yrZ, ©]+= Odum(1996)°] | A5
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Al EZAESH|Z(Environmental loading ratio, ELR)
LG A HolA dojub= ARl AIZFol AdeE ol nA = ¥
ARSI R(ELR) S o] §51o] Lhehth. ELRS %ol 4 7l o
(P2 Wie Aaggol FET AR FSANANS T A
A7 o A (R) 2 L}Toi BHLRELE 53] RO 245 AL
o] AFAZHof w|x]= FAZA Q] gsFo] Art= AL ou|gtt) Brown and
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Ulgiati(1997)+= ELR©o] 3Xt} Ao Ao thfgt gafo] &2 A|AH), 3~
109] Hed Feoll= e nA= dFo] H
wrh 2 Feoll Bl g o] 2 Aador TG S
2ol ¢ 20039 2tRE o]85ke] A4lE ELRS 13.672 Uel, AH3]7
AgFol AATA vl FaFol ofF 2 A2l satsick

[
XN o
i
>
(o]
2,
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>
[>
ot
=

OF, O|HX| X|&AMX|4(Emergy sustainability index, ESI)

oA A &A= B7IN A BAZE duby A&7Fs A YER 7
Fste] A= SAck(Brown and Ulgiati, 1997). ESI= B7Hdi g A2 oA
AEElSEYR)S BN SHIRELRE e golthi 5 5:5]. ofnlx]
A& A5 He5S QB sl m o] Aol WL, SlRolA] 3]
sl olmixo] tig SlEEs} Eon, ASAALE] AAA 1A=
HA A Ql 9ggFo] AtKBrown and Ulgiati, 1997). Brown and Ulgiati+= ESI7} 1
of 22 9= A= 28[BA(]= 048, vt 0.16)=2, 1~1091 75
< ME=AS=E AAIE = 3.14, HAIZ 1.66), 1020 F F9= AN 4

Al(FFoHF71Y 15.64, AHE2 1548)2 F75FAH
Brown and Ulgiati(1999)9]] w2 1995 A A A A A 2] ESI&= 0.73 0.2,
1129 202 STk 20038 Selikel A4Sl ESIE 0093,

A ol ol AT Qi A AATEL A&7Hs Aol ofF ke

hr

>



1. RE|Li2t oIHX] EIt

2 E 6. GIHXl b AlLthrd

. Solar . Transformity Solar Emvalue
No Item Raw Units TrarTfon?lty Source Em.ergy (EmS$/yr)
(sej/unit) (sej/yr)
Renewable Sources
1 | Sun 1.20E+21 Ilyr 1 1.20E+21 3.54E+08
2 | Wind, kinetic energy 1.98E+17 Iyr 2.45E+03 1 4.85E+20 1.43E+08
3 | Rain, chemical (land) 2.15E+17 Jlyr 3.05E+04 1 1.94E+09
4 | Rain, chemical (shelf) 1.21E+18 Jyr 3.05E+04 1 3.68E+22 1.09E+10
5 | Rain runoff, chemical 2.97E+17 J/yr 3.05E+04 1 9.06E+21 2.68E+09
6 | Rain runoff, geopotential 1.54E+17 Iyr 4.66E+04 1 2.12E+09
7 | Waves 2.03E+17 Jlyr 5.10E+04 1 1.03E+22 3.06E+09
8 | Earth cycle 9.98E+16 Jlyr 5.76E+04 2 5.75E+21 1.70E+09
9 | Tide 7.40E+18 Ilyr 7.39E+04 1 1.62E+11
Nonrenewable Sources From Within System
10 | Net forest loss Jyr
11 | Net fisheries loss Jiyr
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Solar Transformit; Solar Emvalue

No Item Raw Units Tranfomity Source Y Emergy (Err:/$ /ur)
(sej/unit) (sej/yr) ¥

12 | Coal production 5.41E+16 Jlyr 6.71E+04 3 3.63E+21 1.07E+09
13 | Metallic minerals 5.96E+11 g/yr 1.68E+09 3 1.00E+21 2.96E+08
14 | Nonmetallic minerals 9.60E+13 g/yr 1.68E+09 3 1.61E+23 4.76E+10
15 | Topsoil loss 5.27E+16 g/yr 1.24E+05 3 6.54E+21 1.93E+09
Imported Sources
16 | Fuels 1.11E+19 Jiyr 8.26E+04 variable 9.19E+23 2.72E+11
17 | Metallic minerals 5.46E+13 glyr 1.68E+09 3 9.18E+22 2.71E+10
18 | Nonmetallic minerals 5.79E+12 g/yr 1.68E+09 3 9.73E+21 2.88E+09
19 | Metal products 4.33E+07 glyr 1.68E+09 7 7.28E+16 2.15E+04
20 | Cements 2.08E+06 g/yr 1.68E+09 7 3.49E+15 1.03E+03
21 | Food and agricultural products 3.21E+17 Jyr 3.36E+05 4 1.08E+23 3.19E+10
22 | Livestock, meat, fish 8.24E+15 Jiyr 3.36E+06 4 2.77E+22 8.18E+09
23 | Plastics and rubber 6.58E+16 J/yr 1.11E+05 3 7.30E+21 2.16E+09
24 | Chemicals 1.41E+13 g/yr 1.48E+10 8 2.09E+23 6.19E+10
25 | Finished materials 2.11E+13 g/yr 1.29E+10 variable 2.71E+23 8.01E+10
26 | Machinery, transp. equipments 5.72E+12 g/yr 7.76E+09 5 4.44E+22 1.31E+10
27 | Services in imports 4.35E+11 $/yr 1.66E+12 7.23E+23 2.14E+11
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Solar . Solar

No Item Raw Units Tranfomity Transformity Emergy Emvalue

(sej/unit) Source (sej/yr) (Em$/yr)
Exports
28 | Petroleum products 1.93E+18 Jyr 1.11E+05 3 2.14E+23 6.33E+10
29 | Metallic minerals 2.53E+11 glyr 1.68E+09 3 4.25E+20 1.26E+08
30 | Nonmetallic minerals 6.53E+11 glyr 1.68E+09 3 1.10E+21 3.24E+08
31 | Metal products 2.49E+13 g/yr 1.68E+09 7 4.18E+22 1.24E+10
32 | Cements 6.47E+12 g/yr 1.68E+09 7 1.09E+22 3.21E+09
33 | Food and agricultural products 1.79E+16 Jiyr 3.36E+05 4 6.01E+21 1.78E+09
34 | Livestock, meat, fish 2.46E+15 Ilyr 3.36E+06 4 8.26E+21 2.44E+09
35 | Plastics and rubber 3.70E+17 J/yr 1.11E+05 3 4.11E+22 1.21E+10
36 | Chemicals 1.94E+13 g/yr 1.48E+10 8 2.88E+23 8.50E+10
37 | Finished materials 7.00E+12 g/yr 4.29E+10 variable 3.00E+23 8.87E+10
38 | Machinery, transp. equipments 2.41E+13 g/yr 7.76E+09 5 1.87E+23 5.52E+10
39 | Services in exports 4.22E+11 $/yr 3.38E+12 6 1.43E+24 4.22E+11

* Transformity based on the total renewable emergy flow of 15.83E24 sej/yr
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Renewable Sources

1 | Sunlight
Land area = 9.98E+10 m2 SA, 2009. FEEA AL (105%)
Continental shelf area = 2.35E+11 m2
Insolation = 5.11E+09 J/m2/yr 7144, 2008. 7R (A= H4h)
Albedo = 03 (assumed: global average)
Energy (J) = (Area)*(Insolation)*(1-Albedo)
= 1.20E+21 Jyr
2 | Wind
Area = 9.98E+10 m2
Average wind speed = 219 m/s 7147, 2008. 7)1 (A= Hh)
Geostrophic wind = (Average wind speed)*(10/6)
= 3.65 m/s
Energy (J) = (1.3kg/m3)*(0.001)*(Geostrophic wind)"3*(3.14 E7 s/yr)*(Area)

= 1.98E+17 Jyr

3 | Rain, chemical (land)

Rain = 1.038 m/yr 71443, 2008. 714AE (= H)
Evapotranspiration = 042 AN EE(2006) FAHHEEA E
Energy (land) (J) = (Land area)*(Rain)*(Evapotranspiration)*(1000kg/m3)*(4.94 E3 J/kg)

= 2.15E+17 Jyr

4 | Rain, chemical (shelf)
Rain = 1.038 m/yr 71747, 2008. 7)1 AE (= Hh)
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Energy (shelf) (J) (Shelf area)*(Rain)*(1000kg/m3)*(4940J/kg)
1.21E+18 Jlyr
Runoff, chemical
Energy (J) (Land area)*(Rainfall)*(Runoff)*(1000kg/m3)*(4940J)/kg)
2.97E+17 Jiyr
Runoff, geopotential
Area 9.98F+10 m2 EA4, 2009. FZLEA A (105%)
Rainfall 1.038 m/yr 7147, 2008. 714 (A= Hh)
Average elevation 262 m
Runoff 0.58 A IEE(2006) +A-AZTA
Energy (J) (Land area)*(Rainfall)*(Runoff)*(1000kg/m3)*(Average elevation)*(9.8m/s2)
1.54E+17 Jiyr
Waves
Total energy (J) 2.03E+17 Jyr (Lee and Odum, 1994)
Earth cycle
Land area 9.98E+10 m2
Energy (J) (Land area)*(1 E6 J/m2/yr) (SFATH A& 714)
9.98E+16 Jiyr
Tide
Continental shelf area 2.35E+11 m2
Average tidal range 2.98 m L F ALY, Za/u| 2SS F O] HHF A} 3| HA

Energy (J)

(Density*Area*Tidal range)*(9.8m/s2)*(0.5*Tidal range)*(706/yr)
7.40E+18 Jiyr
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Nonrenewable Sources From Within System
10 | Net forest loss
11 | Net fisheries loss
12 | Coal production

Production = 2.77E+06 MT oA AA AL, 2009. U FA AR (118%)

(Production)*(1.95 E10 _
Energy(J) = IMT) FEUFde SEEF = 4,650kcalkg, oAUATA AR F=)
= 5.41E+16 Jyr

Metallic ores &
B3 concentrates

Production = 5.96E+11 g/yr AR AR E, A ALY ALY, 2009. 2008F % PAE ST T3
14 | Nonmetallic minerals

Production = 9.60E+13 glyr AL BA R, A AL AT, 2009. 2008 FAHEST WS
15 | Topsoil loss

Annual soil erosion = 5.00E+07 MT/yr AFS = 2005 StLESH|E3S] A 38:59-65

Energy (J) = (Soil erosion)*(1E6g/MT)*(0.07gOM/g sed)*(3.6kcal/g)*(4186J/kcal)

= 5.27E+16 Jiyr

Imported Sources
16 | Fuels

Total = 1.11E+19 Jiyr
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Transformity
Coal
Anthracite

Energy (J)

Bituminous for iron &

steel

Energy (J)

Bituminous for steam

Energy(J)

Transformity
Oil, crude
Imports

Energy(J)

Transformity

8.26E+04 sej/J
2.58E+18 Jiyr
5.96E+06 MT/yr
(Imports)*(2.74 E10
J/MT)

1.63E+17 Jyr

2.09E+07 MT/yr

(Imports)*(2.93 E10
J/MT)

6.13E+17 Jiyr
6.96E+07 MT/yr
(Imports)*(2.60 E10
J/MT)

1.81E+18 Jiyr
6.71E+04 sej/J

8.65E+08 bbl/yr

(Imports)*(6.14 E9 J/bbl)

5.31E+18 Jiyr
9.06E+04 sej/J

(Weighted average for fuels)

AR FA AT, 2009. AUATAAE 2. AJUA+ZY, 65)

(L EF=6,550kcal/kg, AUATAAR =)

A FA AT, 2009. NUAFAAE (2. A FES, 129%)

(T eF=7,000kcal/kg, A EA AR =)

AUABA DT, 2009. AUYAGTADE (2. AHASEY, 129%)

(29 2F=6,200kcal/kg, YA EA AR HE)

(Odum, 1996)

IR FA AT, 2009. ANHAFAAE (2. AHRFES, 6%)
(¢ Zdparaer 10,750kcal/kg, 9-g 1E=7.33bbl,
=)

(Odum, 1996)

N A FA AR
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16 | Petroleum products
Imports =  2.25E+08 bbl/yr oA AA ALY, 2009. UAEAAR (2. o YA LE9, 75)
Energy(J) = (Imports)*(5.78 E9 J/bbl) (WjET A2 AGFA|E AA Hat: Coefficients FHx)
= 1.30E+18 Jyr
Transformity = L.11E+05 sej/J (Odum, 1996)
Natural gas (LNG)
Imports = 2.73E+07 MT/yr YA AR ALY, 2009. NHAEA AR (2. NHXFEEY, 75)
Energy(J) = (Imports)*(1.3 E7 kcal/MT)*(4186 J/kcal)
= 1.48E+18 Jiyr
Transformity = 8.05E+04 sej/J (Odum, 1996)
Uranium
Imports =  8.08E+02 MT/yr oA AA ALY, 2009. NUAEAAR (2. o YA LZ9, 75)
Energy(J) = (Imports)*(0.007)*(1E6g/MT)*(7.95E10 J/gU235)
= 4.50E+17 Jiyr
Transformity = 2.95E+03 sej/J (Odum, 1996)
17 Metallic ores &
concentrates
Imports = 5.46E+13 g/yr A A A, S A AR AT, 2009, 2008W = FAMEHF 3
18 | Nonmetallic minerals
Imports = 5.79E+12 g/yr A X AAE, FHEAAALATY, 2009. 2008 F = FAE &3




19 | Metal products
Imports 4.33E+13 g/yr Loy AEY EQYT HSKEZ (72~83%7)
20 | Cements
Imports 2.08E+12 g/yr ] AHEY EYT HSKEZ (255 234])
Food and agricultural
21 products
Imports 2.82E+13 g/yr [l ke kel AHY ES T HSKEF (6~24%)
Energy(J) (Imports)*(3.5kcal/g)*(4186]/kcal)*(80%)
3.21E+17 Jiyr
22 | Livestock, meat, fish
Imports 1.79E+12 g/yr SRR RAYHYEL T HSKESE (1~557)
Energy(J) (Imports)*(Skcal/g)*(4186J/kcal)*(0.22 protein)
8.24E+15 Jyr
23 | Plastics and rubber
Imports 2.15E+12 g/yr
Plastics and products 1.40E+12 g/yr el i ke HRY EQT HSKESF (39%F)
Rubber and products 7.51E+11 g/yr B F ol F 3 AHEY ES T HSKERF (405)
Energy(J) (Imports)*(30.6E3J)/g)
6.58E+16 Tlyr
24 | Chemicals
Imports 1.41E+13 g/yr Bt o 3], ARY EQT HSKEF (28~38%)
Chemical products 1.27E+13 g/yr LA H 3, AHEY EQ T HSKEF (W& A3t 3135
Fertilizers 1.49E+12 g/yr BB H 3], ARY ELT HSKEF B1FH)

z
Shu
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25 | Finished materials
Total imports = 2.11E+13 g/yr
Transformity = 1.29E+10 sej/g (weighted average transformity for finished materials)
Leather products = 2.65E+11 g/yr SRS, FOYAHY EYT HSKEF (41~43%7)
= 4.18E+15 Jiyr
Transformity = 1.44E+07 sej/J (Odum et al., 1987)
Lumber, wood products = 8.67E+12 g/yr SRS, LAY EY T HSKER (44~465)
= 1.30E+17 Ilyr
Transformity = 1.43E+05 sej/J (Brown et al., 1992)
Paper =  4.83E+12 glyr St R3], FIYARYEY T HSKEF (47-49%)
= 7.24E+16 Ilyr
Transformity = 3.61E+05 sej/J (Brown et al., 1992)
Textile = 1.63E+12 g/yr SRS R HY EQ T HSKEF (50~57%)
= 2.57E+16 Jyr
Transformity = 6.38E+06 sej/J (Brown et al., 1992)
Glass, ceramics = 4.86E+12 g/yr SRS, RO HY EY T HSKEF (68~707)
Transformity = 1.08E+07 sej/g (Haukoos, 1995)
Others = 8.49E+11 g/yr St R3], FYARYER A HSKEF (715, 90~99F)
Transformity = 2.75E+09 sej/g (Campbell et al., 2005)
26 | Machinery, transportation  equipments
Imports = 572E+12 g/yr LR AE D], AR HY EQ T HSKEF (84~89F)
27 | Service in imports =  435E+11 $/yr EAA, 2009. FLEAAZT (575%)
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Exports

28 | Petroleum products
Exports
Energy(J)

3.34E+08 bbl/yr
(Exports)*(5.78 E9 J/bbl)
1.93E+18 Jiyr

AR FA AT, 2009. AUATAAR 2. AJUAFEY, 75)

29 | Metallic ores & concentrates

Exports 2.53E+11 g/yr AR AR E, A ALY ALY, 2009. 2008 F % PAE T T3
30 | Nonmetallic minerals

Exports 6.53E+11 g/yr R A AA ., SR AR AT, 2009. 2008 = JAHEHF HE
31 | Metal products

Exports 2.49E+13 g/yr AR EHS] RO HY EQ T HSKEF (72~835)
32 | Cements

Exports 6.47E+12 g/yr SRS, PO HYEY I HSKEF (25F 23H)

Food and agricultural
33 products

Exports 1.57E+12 g/yr SRS, LAY EL I HSKER (6~24F)

Energy(J) (Exports)*(3.5kcal/g)*(4186J/kcal)*(80%)

1.79E+16 Jyr

34 | Livestock, meat, fish

Exports 5.34E+11 g/yr AR AFD], PAYRY EL T HSKEF (1~55F)

Energy(J) (Exports)*(Skcal/g)*(4186J/kcal)*(0.22 protein)

2.46E+15 Tyr
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35 | Plastics and rubber
Exports = 1.21E+13 g/yr
Plastics and products = 1.04E+13 g/yr SRS A HY EY T HSKEF (39F)
Rubber and products = 1.70E+12 g/yr SR H s, FYAHYEY I HSKESR (40F)
Energy(J) = (Exports)*(30.6E3J/g)
= 3.70E+17 Jlyr
36 | Chemicals
Exports = 1.94E+13 g/yr SR AE3], LA RYEY T HSKER (28~38%)
Chemical products = 1.80E+13 g/yr SRS, FYAHYEY I HSKER (H= A9 3¢HE)
Fertilizers = 1.48E+12 g/yr SR AEs], LAARYEY I HSKER 318)
37 | Finished materials
Total exports = 7.00E+12 g/yr
Transformity = 4.29E+10 sej/g (weighted average transformity for finished materials)
Leather products = 8.94E+10 g/yr SRS, FOYAHY EY T HSKEF (41~43%)
= 141E+15 Jiyr
Transformity = 1.44E+07 sej/J (Odum et al., 1987)
Lumber, wood products = 586E+10 g/yr S|, LAY EY T HSKER (44~465)
= .78E+14 Jlyr
Transformity = 1.43E+05 sej/J (Brown et al., 1992)
Paper = 3.23E+12 glyr SR AE3|, LAARYEY T HSKER (47~49%)
= 4.84E+16 Jyr
Transformity = 3.61E+05 sej/J (Brown et al., 1992)
Textile = 258E+12 g/yr AR HS] A HY EQ T HSKERF (50~57%)
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37 =  4.08E+16 Tlyr
Transformity = 6.38E+06 sej/J (Brown et al., 1992)
Glass, ceramics =  3.61E+11 g/yr SRS R HY EQ T HSKEF (68~705)
Transformity = 1.08E+07 sej/g (Haukoos, 1995)
Others = 6.77E+11 glyr FLRA 3|, RYHHYEL T HSKER (715, 90~997)
Transformity = 2.75E+09 sej/g (Campbell et al., 2005)
38 | Machinery, transportation  equipments
Exports = 241E+13 g/yr L3, LARY E I HSKER (84~895F)
39 | Service in exports =  422E+11 $/yr EA44, 2009. HFEAAT (575%)
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. Solar Solar
No. Item Raw Units Tranfomity(sej/unit) Emergy(sei/yr) Emvalue(Emwon)
1 Sunlight 3.98E+20 J 1 3.98E+20 1.30E+11
2 Wind 3.22E+17 J 2450 7.88E+20 2.57E+11
3 Rain 4.67E+17 J 3.05E+04 1.42E+22 4.64E+12
4 | Wave 2.03E+17 J 5.10E+04 1.03E+22 3.37E+12
5 Tide 2.70E+18 J 7.39E+04 2.00E+23 6.51E+13
Total Em 2.00E+23 6.51E+13
1. | Sunlight ha%f ¥#7,581,358.582
Sea area m2
Insolation 5.16E+09 J/m2/yr
Albedo 0.1
Energy (J) (Area)*(Insolation)*(1-albedo)
3.98E+20 J/yr
2. | Wind
Avg. wind speed 2.7 m/s
Geostrophic wind (Avg. wind speed)*(10/6)
451 m/s
Energy (J) (1.3 kg/m3)*(1.0 E-3)*(Geostrophic wind)"3*(3.14 E7 s/yr)*(Area)
3.22E+17 J/yr
3. Rain, chemical
Rain 1.100 m/yr
Energy (J) (Area)*(Rain)*(1000kg/m3)*(4.94 E3 J/kg)
4.67E+17 J/yr
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4. Wave
Total energy (J) = 2.03E+17 Jlyr (Lee and Odum, 1994)
5. | Tide
Tidal height = m
Energy (J) = (Sea area)*0.5*(706/yr)*(3.2)"2*(1.025 E3 kg/m"3)*(9.8m/s"2)
= 2.70E+18 J/yr
») ZA7IQIH
No. Item Raw Units Solar Solar Emvalue(Emwon)
Tranfomity(sej/unit) Emergy(sej/yr)
1 Sunlight 4.95E+19 J 1 4.95E+19 1.61E+10
2 | Wind 2.88E+16 J 2450 7.05E+19 2.30E+10
3 Rain, chemical 6.73E+16 J 3.05E+04 2.05E+21 6.68E+11
4 | Wave 1.20E+16 J 5.10E+04 6.12E+20 1.99E+11
5 Tide 9.69E+17 J 7.39E+04 7.16E+22 2.33E+13
Total Em 7.16E+22 2.33E+13
1. | Sunlight ha& W21,172,551
Sea area = 1.10E+10 m2
Insolation = 4.99E+09 J/m2/yr
Albedo = 0.1
Energy (J) = (Area)*(Insolation)*(1-albedo)
= 4.95E+19 Jiyr
2. | Wind
Avg. wind speed = 24 m/s

Geostrophic wind

(Avg. wind speed)*(10/6)
4.00 m/s
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2 Energy (J) = (1.3kg/m3)*(1.0 E-3)*(Geostrophic wind)"3*(3.14 E7 s/yr)
*(Area)
= 2.88E+16 Jlyr
3. Rain, chemical
Rain = 1.235 m/yr
Energy (J) = (Area)*(Rain)*(1000kg/m3)*(4.94 E3 J/kg)
= 6.73E+16 Jlyr
4. | Wave
Total energy (J) = 1.20E+16 Jlyr (Lee and Odum, 1994)
5. Tide
Tidal height = 4098 m
Energy (J) = (Sea area)*0.5*(706/yr)*(3.2)"2*(1.025 E3 kg/m"3)
*(9.8m/s"2)
= 9.69E+17 J/yr
» B
Solar Solar
No. Item Raw Units . o . Emvalue(Emwon)
Tranfomity(sej/unit) Emergy(sej/yr)
1 Sunlight 3.94E+19 J 1 3.94E+19 1.28E+10
2 Wind 1.64E+16 J 2450 4.03E+19 1.31E+10
3 Rain, chemical 3.72E+16 J 3.05E+04 1.14E+21 3.70E+11
4 Wave 4.55E+16 J 5.10E+04 2.32E+21 7.56E+11
5 Tide 6.34E+17 J 7.39E+04 4.68E+22 1.53E+13
Total Em 4.68E+22 1.53E+13
1. | Sunlight ha&f W 17,441,803
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Sea area = 8.75E+09 m2
Insolation = 5.00E+09 J/m2/yr
Albedo = 0.1
Energy (J) = (Area)*(Insolation)*(1-albedo)
= 3.94E+19 Ilyr
Wind
Avg. wind speed = 22 m/s
Geostrophic wind = (Avg. wind speed)*(10/6)
= 358 m/s
Energy (J) = (1.3kg/m3)*(1.0 E-3)*(Geostrophic wind)"3*(3.14 E7 s/yr)
*(Area)
= 1.64E+16 Jyr
Rain, chemical
Rain = 0.862 m/yr
Energy (J) = (Area)*(Rain)*(1000kg/m3)*(4.94 E3 J/kg)
= 3.72E+16 Jyr
Wave
Total energy (J) = 4.55E+16 Jyr (Lee and Odum, 1994)
Tide
Tidal height = 452 m
Energy (J) = (Sea area)*0.5*(706/yr)*(3.2)"2*(1.025 E3 kg/m"3)
*(9.8m/s"2)

6.34E+17 J/yr
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» H=
) Solar Solar
No. Item Raw Units . o ) Emvalue(Emwon)
Tranfomity(sej/unit) Emergy(sej/yr)
1 Sunlight 2.12E+19 J 1 2.12E+19 6.89E+09
2 Wind 6.54E+15 J 2450 1.60E+19 5.22E+09
3 Rain, chemical 2.05E+16 J 3.05E+04 6.26E+20 2.04E+11
4 Wave 1.08E+16 J 5.10E+04 5.51E+20 1.79E+11
5 Tide 2.77E+17 J 7.39E+04 2.04E+22 6.66E+12
Total Em 2.04E+22 6.66E+12
1. | Sunlight ha& 14,281,082
Sea area 4.66E+09 m2
Insolation 5.04E+09 J/m2/yr
Albedo 0.1
Energy (J) (Area)*(Insolation)*(1-albedo)
2.12E+19 J/yr
2. Wind
Avg. wind speed 2.0 m/s
Geostrophic wind (Avg. wind speed)*(10/6)
3.25 m/s
Energy (J) (1.3kg/m3)*(1.0 E-3)*(Geostrophic wind)"3*(3.14 E7 s/yr)
*(Area)
6.54E+15 J/yr
3. Rain, chemical
Rain 0.891 m/yr
Energy (J) (Area)*(Rain)*(1000kg/m3)*(4.94 E3 J/kg)
2.05E+16 J/yr
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4. Wave
Total energy (J) = 1.08E+16 Jyr (Lee and Odum, 1994)
5. | Tide
Tidal height = 4.09 m
Energy (J) = (Sea area)*0.5*%(706/yr)*(3.2)"2*(1.025 E3 kg/m"3)
*(9.8m/s"2)
= 2.77E+17 J/yr
» e
. Solar Solar
No. Item Raw Units . L . Emvalue(Emwon)
Tranfomity(sej/unit) Emergy(sej/yr)
1 Sunlight 1.51E+20 J 1 1.51E+20 4.92E+10
2 Wind 1.84E+17 J 2450 4.52E+20 1.47E+11
3 Rain, chemical 1.67E+17 J 3.05E+04 5.10E+21 1.66E+12
4 Wave 7.19E+15 J 5.10E+04 3.67E+20 1.19E+11
5 Tide 6.51E+17 J 7.39E+04 4.81E+22 1.57E+13
Total Em 4.81E+22 1.57E+13
1. | Sunlight ha% 4,917,416
Sea area = 3.19E+10 m2
Insolation = 5.26E+09 J/m2/yr
Albedo = 0.1
Energy (J) = (Area)*(Insolation)*(1-albedo)
= 1.51E+20 Jlyr
2. | Wind
Avg. wind speed = 3.1 m/s
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Geostrophic wind = (Avg. wind speed)*(10/6)
= 521 m/s
Energy (J) = (1.3kg/m3)*(1.0 E-3)*(Geostrophic wind)*3*(3.14 E7 s/yr)
*(Area)
= 1.84E+17 J/yr
3. Rain, chemical
Rain = 1.061 m/yr
Energy (J) = (Area)*(Rain)*(1000kg/m3)*(4.94 E3 J/kg)
= 1.67E+17 Jlyr
4. | Wave
Total energy (J) = 7.19E+15 Jlyr (Lee and Odum, 1994)
5. | Tide
Tidal height = 24 m
Energy (J) = (Sea area)*0.5*(706/yr)*(3.2)"2*(1.025 E3 kg/m”"3)
*(9.8m/s"2)
= 6.51E+17 J/yr
» A
) Solar Solar
No. Item Raw Units . o ) Emvalue(Emwon)
Tranfomity(sej/unit) Emergy(sej/yr)
1 Sunlight 3.46E+19 J 1 3.46E+19 1.13E+10
2 | Wind 8.98E+15 J 2450 2.20E+19 7.17E+09
3 Rain, chemical 4.30E+16 J 3.05E+04 1.31E+21 427E+11
4 | Wave 4.83E+15 J 5.10E+04 2.46E+20 8.03E+10
5 Tide 6.16E+16 J 7.39E+04 4.55E+21 1.48E+12
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Total Em 4.55E+21 1.48E+12

Sunlight ha%f 1,819,786
Sea area 8.15E+09 m2
Insolation 4.72E+09 J/m2/yr
Albedo 0.1
Energy (J) (Area)*(Insolation)*(1-albedo)

3.46E+19 J/yr
Wind
Avg. wind speed 1.8 m/s
Geostrophic wind (Avg. wind speed)*(10/6)

3.00 m/s
Energy (J) (1.3kg/m3)*(1.0 E-3)*(Geostrophic wind)"3*(3.14 E7 s/yr)

*(Area)

8.98E+15 J/yr
Rain, chemical
Rain 1.069 m/yr
Energy (J) (Area)*(Rain)*(1000kg/m3)*(4.94 E3 J/kg)

4.30E+16 J/yr
Wave
Total energy (J) 4.83E+15 Jyr (Lee and Odum, 1994)
Tide
Tidal height 1.46 m

Energy (J)

(Sea area)*0.5*(706/yr)*(3.2)"2*(1.025 E3 kg/m"3)
*(9.8m/s"2)
6.16E+16 J/yr
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. Solar Solar
No. Item Raw Units ) o ) Emvalue(Emwon)
Tranfomity(sej/unit) Emergy(sej/yr)
1 Sunlight 6.88E+18 J 1 6.88E+18 2.24E+09
2 Wind 8.51E+15 J 2450 2.09E+19 6.79E+09
3 Rain, chemical 7.93E+15 J 3.05E+04 2.42E+20 7.88E+10
4 Wave 1.64E+16 J 5.10E+04 8.36E+20 2.72E+11
5 Tide 3.52E+15 J 7.39E+04 2.60E+20 8.48E+10
Total Em 8.36E+20 2.72E+11
1. | Sunlight ha& ¥1,982,394
Sea area = 1.37E+09 m2
Insolation = 5.56E+09 J/m2/yr
Albedo = 0.1
Energy (J) = (Area)*(Insolation)*(1-albedo)
= 6.88E+18 Jlyr
2. Wind
Avg. wind speed 32 m/s
Geostrophic wind = (Avg. wind speed)*(10/6)
= 533 m/s
Energy (J) = (1.3kg/m3)*(1.0 E-3)*(Geostrophic wind)"3*(3.14 E7 s/yr)
*(Area)
= 8.51E+15 Jlyr
3. Rain, chemical
Rain = 1.168 m/yr
Energy (J) = (Area)*(Rain)*(1000kg/m3)*(4.94 E3 J/kg)
= 7.93E+15 J/yr
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4. Wave
Total energy (J) = 1.64E+16 Jiyr (Lee and Odum, 1994)
5. | Tide
Tidal height = 0.85 m
Energy (J) = (Sea area)*0.5*(706/yr)*(3.2)"2*(1.025 E3 kg/m"3)
*(9.8m/s"2)
= 3.52E+15 J/yr
2 =4t
. Solar Solar
No. Item Raw Units . L . Emvalue(Emwon)
Tranfomity(sej/unit) Emergy(sej/yr)
1 Sunlight 5.91E+18 J 1 5.91E+18 1.93E+09
2 Wind 2.09E+15 J 2450 5.13E+18 1.67E+09
3 Rain, chemical 6.58E+15 J 3.05E+04 2.01E+20 6.53E+10
4 Wave 1.38E+16 J 5.10E+04 7.04E+20 2.29E+11
5 Tide 4.62E+14 J 7.39E+04 3.41E+19 1.11E+10
Total Em 7.04E+20 2.29E+11
1. | Sunlight ha%t ¥1,916,203
Sea area = 1.20E+09 m2
Insolation = 5.49E+09 J/m2/yr
Albedo = 0.1
Energy (J) = (Area)*(Insolation)*(1-albedo)
= 5.91E+18 J/yr
2. | Wind
Avg. wind speed = 2.1 m/s
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Geostrophic wind = (Avg. wind speed)*(10/6)
= 3.50 m/s
Energy (J) = (1.3kg/m3)*(1.0 E-3)*(Geostrophic wind)*3*(3.14 E7 s/yr)
*(Area)
= 2.09E+15 J/yr
3. Rain, chemical
Rain = 1.112 m/yr
Energy (J) = (Area)*(Rain)*(1000kg/m3)*(4.94 E3 J/kg)
= 6.58E+15 J/yr
4. Wave
Total energy (J) = 1.38E+16 Jlyr (Lee and Odum, 1994)
5. | Tide
Tidal height = 033 m
Energy (J) = (Sea area)*0.5*(706/yr)*(3.2)"2*(1.025 E3 kg/m"3)
*(9.8m/s"2)
= 4.62E+14 J/yr
» 8=
) Solar Solar
No. Item Raw Units ) o ) Emvalue(Emwon)
Tranfomity(sej/unit) Emergy(sej/yr)
1 Sunlight 4.14E+19 J 1 4.14E+19 1.35E+10
2 | Wind 3.24E+16 J 2450 7.93E+19 2.58E+10
3 Rain, chemical 3.50E+16 J 3.05E+04 1.07E+21 3.47E+11
4 | Wave 1.08E+16 J 5.10E+04 5.51E+20 1.79E+11
5 Tide 1.90E+14 J 7.39E+04 1.41E+19 4.58E+09
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Total Em 1.07E+21 3.47E+11

Sunlight ha%f #414,185
Sea area 8.39E+09 m2
Insolation 5.49E+09 J/m2/yr
Albedo 0.1
Energy (J) (Area)*(Insolation)*(1-albedo)

4.14E+19 J/yr
Wind
Avg. wind speed 2.7 m/s
Geostrophic wind (Avg. wind speed)*(10/6)

4.56 m/s

Energy (J)

(1.3kg/m3)*(1.0 E-3)*(Geostrophic wind)"3*(3.14 E7 s/yr)
*(Area)

3.24E+16 J/yr
Rain, chemical
Rain 0.844 m/yr
Energy (J) (Area)*(Rain)*(1000  kg/m3)*(4.94 E3 J/kg)
3.50E+16 J/yr
Wave
Total energy (J) 1.08E+16 J/yr (Lee and Odum, 1994)
Tide
Tidal height 0.08 m

Energy (J)

(Sea area)*0.5*(706/yr)*(3.2)"2*(1.025 E3 kg/m"3)
*(9.8m/s"2)
1.90E+14 J/yr
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. Solar Solar
No. Item Raw Units . o ) Emvalue(Emwon)
Tranfomity(sej/unit) Emergy(sej/yr)
1 Sunlight 1.81E+19 J 1 1.81E+19 5.91E+09
2 | Wind 1.44E+16 J 2450 3.52E+19 1.15E+10
3 Rain, chemical 2.47E+16 J 3.05E+04 7.52E+20 2.45E+11
4 | Wave 1.38E+17 J 5.10E+04 7.04E+21 2.29E+12
5 Tide 2.79E+14 J 7.39E+04 2.06E+19 6.71E+09
Total Em 7.04E+21 2.29E+12
1. Sunlight ha% W5,718,773
Sea area = 4.01E+09 m2
Insolation = 5.03E+09 J/m2/yr
Albedo = 0.1
Energy (J) = (Area)*(Insolation)*(1-albedo)
= 1.81E+19 Jiyr
2. Wind
Avg. wind speed 2.7 m/s
Geostrophic wind = (Avg. wind speed)*(10/6)
= 444 m/s
Energy (J) = (1.3kg/m3)*(1.0 E-3)*(Geostrophic wind)"3*(3.14 E7 s/yr)
*(Area)
= 1.44E+16 Jyr
3. Rain, chemical
Rain = 1.245 m/yr
Energy (J) (Area)*(Rain)*(1000kg/m3)*(4.94 E3 J/kg)
= 247E+16 J/yr
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4. Wave
Total energy (J) 1.38E+17 J/yr (Lee and Odum, 1994)
5. | Tide
Tidal height 0.14 m
Energy (J) (Sea area)*0.5*(706/yr)*(3.2)"2*(1.025 E3 kg/m"3)
*(9.8m/s”2)
2.79E+14 Jyr
SES
. Solar Solar
No. Item Raw Units . L . Emvalue(Emwon)
Tranfomity(sej/unit) Emergy(sej/yr)
1 Sunlight 2.93E+19 J 1 2.93E+19 9.54E+09
2 | Wind 7.47E+16 J 2450 1.83E+20 5.96E+10
3 | Rain, chemical 4.52E+16 J 3.05E+04 1.38E+21 4.50E+11
4 | Wave 4.09E+16 J 5.10E+04 2.09E+21 6.80E+11
5 | Tide 491E+16 J 7.39E+04 3.63E+21 1.18E+12
Total Em 3.63E+21 1.18E+12
1. | Sunlight ha%t 1,844,800
Sea area 6.41E+09 m2
Insolation 5.07E+09 J/m2/yr
Albedo 0.1
Energy (J) (Area)*(Insolation)*(1-albedo)
2.93E+19 Jlyr
2. | Wind
Avg. wind speed 4.0 m/s
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Geostrophic wind =

(Avg. wind speed)*(10/6)
6.58 m/s

Energy (J) =

Energy (J) = (1.3kg/m3)*(1.0 E-3)*(Geostrophic wind)"3*(3.14 E7 s/yr)
*(Area)
= 7.47E+16 Jlyr
3. Rain, chemical
Rain = 1428 m/yr
Energy (J) = (Area)*(Rain)*(1000kg/m3)*(4.94 E3 J/kg)
= 4.52E+16 Jlyr
4. | Wave
Total energy (J) = 4.09E+16 J/yr (Lee and Odum, 1994)
5. | Tide
Tidal height = 147 m

(Sea area)*0.5*(706/yr)*(3.2)"2*(1.025 E3 kg/m"3)
*(9.8m/s"2)
4.91E+16 J/yr
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