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Abstract With the using up of land resources, people are beginning to pay attention to the exploitation of the ocean and the use of
marine resources is becoming more and more intense. Whether and how the ocean can be sustainably exploited as it is being ex-
ploited is an academic hot topic. This question is addressed in this paper based on the theories of carrying capacity of a marine region
and marine eco-compensation, and the amount of the loss is calculated by the method of Time Value of Capital. This thesis covers the
study of eco-compensation between two specific subjects with clear compensation objects, and as a defined approach and standard,
the proposed method has good operability and positive practical significance in the good use of the ocean.
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1 Introduction

The 21st century is generally acknowledged to be the
‘century of the sea’. With the depletion of the land re-
sources, people are beginning to pay more attention to the
exploitation of the vast ocean to obtain what they need in
as large a quantity as possible. All things have limits
which, if surpassed, can lead to unexpected consequences,
it being a truism which is particularly pertinent to the
exploitation of the ocean. How to exploit the ocean to
benefit mankind is a hot issue of shared concern today.
The present paper proposes that it would be an effective
measure to balance the carrying capacity of a marine re-
gion and the marine eco-compensation.

2 About the Issue

A comprehensive view of the many research findings
on carrying capacity and ecological compensation shows
that most studies are focused on a single aspect. For in-
stance, some research regarding carrying capacity mainly
refers to carrying capacities of water, land and forest re-
sources. in relation to population and economy. Some
research has proposed theoretic and creative definitions of
carrying capacity of marine region, together with evalua-
tion indicator systems and evaluation methods (Han et al.,
2006). Research has also been conducted on marine sus-
tainable development (Jin et al., 2001). As regards the
research on eco-compensation, earlier eco-compensation
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theories and empirical studies mainly concentrate on
freshwater areas such as rivers, lakes, efc., while for
eco-compensation in oceans, there is little other than
some general theoretical discussions on the application of
marine ecological resource management (Han et al,
2007).

With regard to the practical research on marine eco-
compensation, many studies can be found in the field of
fishery resource management, but few are in other marine
resource management fields. Endowed with rich re-
sources, the ocean is not only one of the most important
ecosystems in the biosphere, but also an essential founda-
tion for supporting sustainable social development. Re-
search by Chen et al. reveals that the service function
value of the marine ecosystem in China is RMB 2.17 tril-
lion Yuan per year, which is 1.73 times that of the GDP in
the same year (Chen and Zhang, 2000; Murawski and Ten,
2007). In 2006, the added value of the main marine in-
dustries accounted for 4% of the gross domestic product
in the corresponding time period (Qiu et al., 2008). It
shows the supporting capacity of marine resources to so-
cioeconomic development shall be in no way underesti-
mated. However, with the aggravation of offshore pollu-
tion, deterioration and exhaustion of fishery resources,
frequent marine eco-disasters and other ever-more severe
ecological environmental problems, the supporting capac-
ity is continuously impaired, resulting in the exceeding of
the carrying capacity of marine regions. Therefore, the
adoption of an ecosystem method for marine ecosystem
management and the corresponding application of ma-
rine eco-compensation on this basis are particularly nec-
essary.
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3 Solution to the Issue

To elucidate the concept of environmental carrying ca-
pacity, we first need to comprehend it from the perspec-

tive of structure and function of the environmental system.

The general system theory holds that a system is an ag-
gregate composed of specific structures and functions.
Thus, research on system can be carried out structurally
and functionally. The structure of the environmental sys-
tem comprises the occurrence of various environmental
factors and the regular movements and variation of these
factors. The function of the environment in a marine re-
gion or the environmental subsystem of a certain factor
(specifically taking the ocean as the example here) refers
to its capability of sustaining its own stable state, or
self-organizational capability, and also its capability of
interacting and its mode (s) of interaction (provision of
natural resources and acceptance and purification of
wastes) with the human system. The human subsystems
most closely connected to marine ones are the social
subsystem and the economic subsystem. The interaction
between these subsystems and the marine environmental
systems means that the ocean provides resources for hu-
man economic development. This economic development
has certain impact on the marine environment, such as
waste discharges, and, vice versa, as changes of the ma-
rine environment affect human economic development
when they mean that the quality of resources bestowed by
the environment is negatively affected, thereby impairing
the harmonious development between the environment,
economy and society. Given the importance of supporting
a balanced interrelation between the marine system and
the human system, this paper considers the carrying ca-
pacity of ocean regions and how marine eco-compensa-
tion can be determined.

3.1 Determination of Carrying Capacity of Marine
Region

This paper consists of three parts, namely the supplying
capacity of marine resources, the economic function of
marine industry and the marine environmental capacity.
In analyzing the selection of evaluation indicator system
and the model of the carrying capacity of marine region,
the state-space method is adopted to perform the meas-
urement of carrying capacity and carrying state and, as a
multidimensional space, each space is composed of a
sub-factor. Based on the carrying bodies and the carried
bodies of marine, human and land systems, the three as-
pects of human beings and their socio-economic activities,
marine natural resource reserves and marine environ-
mental capacity should be taken into primary considera-
tion in establishing the evaluation indicator system of the
carrying capacity of a marine region. On the basis of pre-
vios findings (Jin ef al., 2001; Hui et al., 2001; Han et al.,
2006.), the pressure indicators, carrying capacity indica-
tors and interregional communication indicators are taken
as the major contents of study (see Fig.1).

By adopting the state-space method to describe the
state of the system (Mao and Yu, 2001), the system is
generally represented by three-dimensional state-space
axes representing the state vectors of various factors (hu-
man activity axis, resource axis and environment axis),
and different carrying states of the marine system within a
certain time scale can be represented by utilizing the car-
rying state point in the state-space method. The spherical
spatial model of carrying capacity of marine system and
carrying state is adopted as an example. It is regarded as
loadable when on and in the spherical surface and over-
load when the other way round (see Fig.2).

In the spatial state-space shown in Fig.2, any kind of
carrying state of the marine, human and land systems
within a certain timescale can be represented through the
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Fig.1 Evaluation indicator system for carrying capacity of marine region.
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Fig.2 Spatial State-Space Model of Carrying Capacity and
Carrying State. X, Resources activity axis; Y, Environment
axis; Z, Human activity axis.

carrying state points, and the carrying state points repre-
senting that the marine, human and land systems stay
under an ideal state (indicating that the state of best com-
bination reached after the interaction and matching be-
tween human beings and the land in the marine, mankind
and land systems within a certain period) refers to the
position of the carrying capacity of marine region in the
spatial space, like point C. Accordingly, points A and D
signify the fact of lowering the carrying capacity of the
specific marine resource environment combination, while
the point B is just the reverse. All the carrying capacity
points of marine regions formed by different resource
environments in the spatial space constitute an Xp,xOYmax
curved surface, which can be called the carrying capacity
curved surface of marine region. Based on this, the mag-
nitude of carrying capacity of a marine region can be ex-
pressed by utilizing vector modulus involving an origin
point and system state points in the spatial state-space,
and the mathematical expression is:

Py = | M| =,/§xf,, (1)

where P, indicates the magnitude of carrying capacity
value of marine region; [M| indicates the modulus of the
oriented vector of the carrying capacity of marine region;
and x; indicates the coordinate figures (i =1, 2, ..., n) in
the spatial state-space when human activities and resource
environment are under an ideal state.

Considering the different functions of the carrying ca-
pacity of a marine region performed by various factors of
human activities and resource environment, the weighting
of the state axis should be taken into account, and the
mathematical expression of the carrying capacity of ma-

rine region is:
! 2
Pcsmr = |M| = Zwix[r > (2)
i=1

where, w; indicates the weighting of x;-axis.
According to the analysis of the conceptual model de-

scribed above, the relation between the vector modulus of
the carrying capacity state of a marine region and that
under an ideal condition can be obtained, to judge the
carrying capacity state of marine region P, that is,
overload for the specific value larger than 1, full-carrying
for the specific value equal to 1 and loadable for the spe-
cific value less than 1. As a matter of fact, there is a cer-
tain deviation of the actual carrying capacity state of a
marine region from an ideal one in spatial state, and the
deviation reflects the carrying capacity state of marine
regions under actual conditions. As only the environmental
carrying capacity under normal conditions is considered
in this thesis, the deviation is not discussed here. There-
fore, although the value of the carrying capacity state of
marine region in a certain period can be determined, the
judgment on the carrying capacity state can only be made
by comparing the vector modulus in the spatial state, and
the calculation in the thesis is also performed by adopting
this point of view.

3.2 Determination of Marine Eco-compensation

On the basis of the carrying capacity of a marine region,
the eco-compensation for overload and loadable cases is
performed by the ecosystem approach to formulate an
effective policy for reasonable exploitation and utilization
of marine regions.

The ecosystem approach refers to an all-round way of
protecting and managing natural resources on the basis of
science, and is a framework for thoughts on ecosystem
management and formulation of action plans in accor-
dance with the principles of ecology and sustainable de-
velopment. As is different from traditional, decentralized
management based on a single species or a single prob-
lem, the relevant ecology, environment, economy, society
and other factors are comprehensively taken into account
in marine management employing the ecosystem ap-
proach, especially the human factors affecting the utiliza-
tion of marine resources being considered (U. S. Com-
mission on Ocean Policy, 2004).

In the past eco-compensation has mainly focused on
three basic issues, namely the definition of compensation
subject and compensation object, the selection of com-
pensation approaches and the determination of compensa-
tion standards (Mao et al., 2002; Xiong et al., 2003). In
this thesis, the compensation for the overloaded and
loadable cases of a marine region is carried out from the
perspective of quantity, and the magnitude is calculated
for the eco-compensation in terms of time value of
money.

3.3 Empirical Study — Economic Analysis Taking a
‘Pollution Problem’ as an Example

Given a case where an ironworks enterprise (S) pro-
duces a certain amount of steel (Y), and discharges a cer-
tain amount of pollutants (X) into the sea, and another
enterprise (E) is a fishery located downstream of a marine
region and it is suffering from the pollutants discharged.

It is assumed that the cost functions of the ironworks
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and the fishery are respectively Cg(Y, X) and Cg(Z, X),
where Z represents the output of fish. Within a certain
range, the increasing of pollutant discharge volume re-
duces the production cost of steel on one hand, and can
increase the production cost of fish on the other hand. If
the carrying capacity of the marine region stays at
P gy =P.cmy, 1t is suggested that the waste discharge ca-
pacity of the marine region achieves a balance with its
self-purification capacity, thereby not polluting its envi-
ronment and causing fatal damage to the fishery. However,
the ironworks and the fishery both strive for the maximi-
zation of profits, therefore two types of pollutant dis-
charge occur as follows:

P -

csmr

Pccmr|>07

indicating that the pollution surpasses the environmental
capacity;

P,

csmr| -

<0,

cemr |

indicating that the pollution is lower than the environ-
mental capacity.

The objective functions of the two types of pollutant
discharge are respectively:

Ironworks (S): max[P;Y —Cy(Y, X)], P,indicating the
steel price.
Fishery (F): max[P,Z —Cy(ZX)], P, indicating the
fish price.

The prerequisites for the maximum profits of the two
factories are respectively:

A" =X _ . 3C(Z ~X")

o =P, 3
aY K aZ E ()

where, Y*, X", Z" respectively represent the optimum
quantities of output of the ironworks, the most suitable
discharge capacity and the optimum quantity of output of
fish.

These prerequisites show that for the maximum level
of profits, each good added - steel and pollution — its
price should be equal to its marginal cost. In terms of the
ironworks, the price of pollution for one of its products is
zero, therefore the pollution will continue before the pol-
lution cost of a newly-added unit becomes zero.

oC, (Y, X")

T 0. @)

Through the analysis above, it can be seen that the fishery
has no way to control despite the concern about the dis-
charge volume of pollutants. The ironworks, by contrast,
can control its discharge volume but disregards the social
cost incurred from the pollution to the fishery in consid-
eration of its maximum profits. Therefore, the marine
eco-compensation can play the coordinative role here, i.e.
PCSW|— Pccmr| > (), the fishery must be compensated by
the ironworks accordingly. This is set as Dg_, ; , that is to
say, the ironworks compensates the fishery. If it were the

other way round, i.e. PCSW| - Pccmr| <0, the fishery should
make certain compensation to the ironworks, being set as
Dy_ ¢ . On the assumption that the annual interest rate is
i, the time limit (year) from PCSW|— Pccmr| >0 or from
PCSW|— PCCW| <0 is set as n. For the former, the iron-
works should make certain compensation to the fishery;
while for the latter, the ironworks should get a certain
amount of compensation.

To conclude, it can be easily seen that this thesis covers
the study of eco-compensation between two specific sub-
jects with clear compensation objects, and, as a defined
approach and standard, it has good operability and a posi-

tive practical significance.
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