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The income requirements of marine protected areas
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Abstract

Given the growing impact of human activities on the sea, managers are increasingly turning to marine protected areas (MP
protect marine habitats and species. Many MPAs have been unsuccessful, however, and lack of income has been identified as
mary reason for failure. In this study, data from a global survey of 79 MPAs in 36 countries were analysed and attempts m
construct predictive models to determine the income requirements of any given MPA. Statistical tests were used to uncover po
patterns and relationships in the data, with two basic approaches. In the first of these, an attempt was made to build an explan
‘‘bottomeup’’ model of the cost structures that might be required to pursue various management activities. This proved diffic
practice owing to the very broad range of applicable data, spanning many orders of magnitude. In the second approach, a ‘
down’’ regression model was constructed using logarithms of the base data, in order to address the breadth of the data ranges
approach suggested that MPA size and visitor numbers together explained 46% of the minimum income requirements (p< 0
with area being the slightly more influential factor. The significance of area to income requirements was of little surprise, giv
profile in the literature. However, the relationship between visitors and income requirements might go some way to explainin
northern hemisphere MPAs with apparently high incomes still claim to be under-funded. The relationship between running
and visitor numbers has important implications not only in determining a realistic level of funding for MPAs, but also in asse
from where funding might be obtained. Since a substantial proportion of the income of many MPAs appears to be utilized for
nity purposes, a case may be made for funds to be provided from the typically better resourced government social and educa
budgets as well as environmental budgets. Similarly visitor fees, already an important source of funding for some MPAs, migh
a broader role to play in how MPAs are financed in the future.
� 2007 Elsevier Ltd. All rights reserved.

1. Introduction

Oceans provide an extensive range of benefits to human populations [1,2], but threats to their continued provisio
considerable. No other resource has in recent times been so touched by what Hardin [3] called the ‘‘tragedy of the
mons’’ e a common resource, over-exploited by all parties in the face of little or no accountability. Foremost am
the methods currently being proposed to address the degradation caused by overuse and overexploitation are m
protected areas (MPAs) e places in the sea designed to protect the marine environment from the growing tide of h
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impact. MPAs may have many benefits including the protection and rebuilding of commercial fish populations [4], pre-
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vention of stock collapses and insurance against management failure in fishing grounds [5]. They also protect vulne
and important habitats and species [6] and enable opportunities for tourism, recreation and education [7,8].

Although well over 1300 MPAs exist, these currently cover less than 1% of the oceans in area and their man
ment is of highly variable quality [9]. A number of surveys have assessed the adequacy of MPA management
Refs. [10e14]). The most extensive [10] found that nearly a third of the global sample of MPAs surveyed
a low level of management and generally failed to meet their objectives. More recent studies continue to demon
underperformance. Pet-Soede [15] estimated that less than 20% of Indonesian MPAs were functional while Mora
[16] state that although 40 or so MPAs are created each year to protect coral reefs, they are rarely managed or enfo
adequately postestablishment.

The 2002 World Summit on Sustainable Development in Johannesburg paved the way for a significant increa
the global coverage of MPAs, with an ambition to create a worldwide network by 2012 [17]. In order for these
protected areas e and indeed existing MPAs e to be effective, we require a comprehensive understanding of the
ables that determine their success. An extensive body of research suggests that access to sufficient resources, inclu
income, is key [18e20]. Although lack of funds is cited repeatedly as a cause of MPA failure by numerous com
tators, adequacy of funding for start-up, recurrent, and/or capital costs is rarely given as the only success factor. F
ing is seen as one variable among many e a necessary but not a sufficient condition for success. However, there ap
to be very few estimates as to how effective MPA management costs.

In the first instance, very little information is available on what is currently spent on MPAs. Wilkie et al.
suggest that governments are often reluctant to disclose funding information in case it is used against them (
is shown to be insufficient) and that donors and NGOs consider such information proprietary. Government exp
tures on protected areas are generally not given in international financial statistics. What information exists tends
unpublished ‘‘grey’’ literature, produced by foreign aid agencies and development banks for example, that gene
has limited availability and is not systematically catalogued.

The most comprehensive estimate of protected area funding requirements was produced by James et al. [22
terrestrial protected areas only. This study found an enormous range in the adequacy of funding between diff
world regions.

Broad estimates of protected area funding requirements, like those above, give general guidance on costs bu
only of limited use to policy makers involved in allocating MPA budgets. Existing and future MPAs have a great r
of objectives. It is highly unlikely that their income requirements will be uniform.

Several authors suggest what they regard to be the key drivers of protected area income requirements, inclu
elements of the biological, social and cultural environment (i.e. context) of the protected area [23]. This co
sets the level and nature of inputs (including funds) required to manage that area successfully, be it marine or terres
Hockings et al. [24] divided factors determining management requirements between intrinsic (internal) features o
protected area (e.g. area and management objectives) and external drivers (e.g. visitor numbers and legal obligati

A number of authors have attempted to establish what factors, if any, are the most significant in determining in
requirements. For example, James et al. [22] found that the costs of smaller protected areas were higher than tho
larger areas on a per square kilometre basis. Balmford et al. [25] found that costs of effective terrestrial conserv
increase with the extent of local development and population density, the size of the protected area and a numb
economic variables including per capita GNP. Similarly, the Balmford et al. [26] study on the cost of a global
network found that annual MPA running costs were higher in smaller protected areas that were closer to coasts a
high-cost, developed countries.

All of these previous studies have taken a broad-brush, or ‘‘topedown’’ approach to MPA funding, largely co
ering contextual variables external to the individual MPAs. The aim of this study is to provide a more detailed ana
considering the financial requirements of individual MPAs, based upon both external and internal determining fa
to the protected areas. The focus of the analysis is on ongoing management costs.

2. Methods

In order to assess funding requirements, a questionnaire was developed and sent to MPAs around the world
intention was to establish a broad operational and financial profile of the MPAs surveyed to illuminate specific fun
requirements.



Approximately 500 questionnaires were distributed between November 2001 and May 2002 to those individuals
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responsible for each MPA identified. Individuals were targeted rather than managing agencies as it was fel
responses of the latter might be more ‘‘political’’ than those with ‘‘hands-on’’ management responsibility.
aim was to obtain a sizeable sample covering all types of MPAs in all parts of the world, capturing the full
of potential environmental, social and economic objectives from small protection-oriented units to large re
tional areas.

The questionnaire was split into five categories of questions: respondent details, MPA details, income, spen
patterns and future funding requirements. Details of the MPAs’ finances were provided by the respondents in a
of currencies and for a range of financial years. In order to analyse this financial information it was necessary to
dardise it into data that could be compared across all replies. This involved conversion into a common currency
dollars) and calendarisation towards a fiscal year ending December 2001.

The data were analysed using bivariate and multivariate methods to define the characteristics of the MPAs surv
and to explore their relationships to the costs of management. Variables were put forward for testing where they m
have some bearing on the financial profile of MPAs, and specifically funding requirements. The selection of vari
used for the analysis reflected both the literature and a broader sense of what factors might be influential. The
variables selected were MPA size (area in hectares), purpose, habitats or species protected, annual visitor num
geographical location, GNI per capita (gross national income per capita of the host country), zonation (extent to w
all or part of the MPA is protected from fishing) and source of funds.

MPA size, purpose, habitat protected and visitor numbers were selected as variables based on the existing liter
on protected area management. Whether the MPA has as an objective with the intention to benefit fisheries outsi
the reserve was also included as a key MPA purpose. Geographical location and GNI per capita are standard bio
graphical and economic considerations and have been shown in a number of existing surveys (e.g. Ref. [22]) to ha
important bearing on current if not ideal income requirements. Zonation and source of funds are potentially influ
factors which may determine income requirements but have received scant attention in the literature. In this ana
MPA zonation was categorised into two groups: protected areas that protect more than 5% of their area from fi
and those that have ‘‘no-take’’ areas of less than 5%. The 5% figure is arbitrary. Source of funds refers to the pri
contributor of a protected area’s funds.

Values for all of the variables were taken from questionnaire returns, with the exception of GNI per capita w
was taken from the World Bank (2000) data.

The data were first explored using a bivariate analysis whereby each separate element of the responses was t
against the variables detailed above. A wide range of tests were used depending upon the nature of the input
whether it was categorical/nominal or interval/ratio, etc. To maximise the quality of the statistical output, param
tests were used where possible, which in a number of cases involved a re-categorisation of the data. Multiv
techniques were then applied to see if income requirements were linked to particular types of MPA character
or regions.

3. Results

The survey produced responses from 79 MPAs in 36 countries. These replies were distributed across 14 of t
marine systems designated by the IUCN World Commission on Protected Areas. Hence they are broadly repres
tive of marine ecosystems as a whole. Forty-two of the responses were from developed countries, predominantly
northern hemisphere, while 37 were from developing, largely southern hemisphere countries.

Responses came from a wide range of MPAs in terms of size, visitor numbers and annual income, the values of
spanning many orders of magnitude. The smallest MPA covered just 10 ha while the largest was 13 million hec
Annual visitor numbers ranged from zero for some MPAs to more than 100,000 for others. Annual income fi
(discussed below) also covered an extensive range. The range of values for each variable was not bunched ar
any particular ‘‘average’’ figure but was relatively evenly distributed, on a logarithmic basis, across the whole r

Fig. 1 illustrates the range of annual income reported by the MPAs surveyed. The mean income was approxim
USD 750,000 per year while the median was nearly USD 250,000. Median income per hectare was USD 15
median income per visitor was USD 19. While it might be tempting to use these figures as benchmarks for va
calculations, the great breadth of the data means that these averages contain limited information. For exampl
of the MPAs surveyed reported no income. In reality, the ‘‘average MPA’’ is not a helpful construct.



Cluster analysis of the data showed that the MPAs in the sample could be categorised into three main groupings (see
terns.
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Fig. 1. Distribution of annual incomes across MPA sample.
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Table 1) defined by a range of characteristics such as their visitor numbers, purpose, income and spending pat
The first grouping (Cluster A) comprised MPAs principally focused on fisheries and enforcement1. These were
ically in poorer countries and had relatively low visitor numbers. The second, largest group (Cluster B) consist
MPAs with a very wide range of purposes, from recreational to commercial e including benefit to fisheries. The
group (Cluster C) was the smallest and least well defined. These MPAs had a more restricted range of purposes
either Cluster A or Cluster B. In particular, they were less likely to allow either recreational or commercial fis
Given the relatively low visitor numbers and significant occurrence of no-take areas, one might tentatively sugges
MPAs in Cluster C have more of a dedicated conservation bias than MPAs in the two other clusters. The differe
between these three clusters were apparent even where characteristics such as size and habitat type might be sim
1 The survey allowed for correspondents to categorise their activities according to their own definitions, including a definition of enforcement.



3.1. Relationships within the data
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Table 1

Characterisation of the MPAs by cluster analysis

Cluster A Cluster B Cluster C

Region (% breakdown) 95 South, 5 North 50 South, 50 North 77 North, 23 South

Area (% breakdown) USA¼ 11 USA¼ 27 USA¼ 31

Caribbean¼ 6 Europe¼ 18 Europe¼ 23

Indo-Pacific¼ 83 Caribbean¼ 32 Caribbean¼ 8

Indo-Pacific¼ 18 Indo-Pacific¼ 15

Australia/NZ¼ 5 Australia/NZ¼ 23

Funds (% breakdown) Government¼ 47 Government¼ 80 Government¼ 80

Foreign entities¼ 47 Foreign entities¼ 10 Visitors¼ 20

Visitors¼ 6 Visitors¼ 10

GNI per capita (USD) 4656 16,534 25,641

Size (mean ha) 21,012 160,429 67,908

Visitor numbers (counts) 49,940 259,674 145,062

Coral (Y/N) 94 50 54

Benefit to fisheries (Y/N) 89 23 15

No-take zone> 5% (Y/N) 64 41 58

Current income (USD mean) 219,834a 790,372 89,781b

Current income per hectare (USD mean) 46a 70 573b

Current income per visitor (USD mean) 294a 140 13b

a Excludes one outlying MPA with a current income per hectare 200 times larger than the average for the group.
b Excludes one outlying MPA with a current income per hectare 150 times larger than the average for the group.
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Examination of the income data using the eight variables selected for analysis revealed that MPA size and v
numbers were significantly related to the total income (respectively, Spearman’s rho¼ 0.45, p¼ 0.001
rho¼ 0.75, p� 0.001). Although there was a significant correlation (Spearman’s rho¼ 0.28, p¼ 0.033) bet
the GNI per capita of the host country and total MPA income, this relationship is possibly misleading. Locati
the MPA appears to be inseparable from the issue of visitor numbers.

As has been shown above, visitor numbers seem to be related to the income an MPA receives. However, v
numbers are also related to MPA location. MPAs in developed countries tended to have many more visitors (aver
1562 visitors per hectare per year) than their counterparts in developing countries (averaging 111), possibly becau
the greater prevalence of recreation and tourism. Given the significant costs associated with visitors (for MPAs i
survey, on average nearly 20% of the current income is being spent on visitor and education related activities), it s
possible that it is the higher visitor numbers that underpin higher incomes for MPAs based in developed cou
rather than the GNI per capita of the host country per se.

4. Developing a predictive model for MPA income requirements

A key aim of this study is to analyse the relationships between measured MPA characteristics and income req
ments. By understanding the associations between funding needs and these characteristics, the ultimate objective
be in a position to estimate, for a given MPA, the income needed to meet its management goals. Additional fund
capital investments (such as visitor centres) are not covered by this model, which encompasses only the in
required to cover ongoing management costs.

It is important to highlight some of the inherent difficulties in achieving the objective of a predictive model. Fi
it may not be possible to measure accurately the relationship between a given variable and the income requirem
Secondly, the variables examined here form only a partial picture of the context in which the MPAs operate. The
others that have not been surveyed in this study, such as the condition of, or threats to the resource(s) protected. T
might have a significant impact on the funding requirements.

Because of these qualifications, it is not possible to build a comprehensive model of MPA funding needs o
basis of the survey results. The best that can be hoped for is to move towards a better understanding of how
income requirements are associated with and determined by a range of factors and characteristics.



4.1. Adjusting the data for the ‘‘Funding Gap’’
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It is first necessary to establish whether the current income levels reflect the true funding needs. If a signifi
proportion of MPAs is currently failing to meet management objectives as a result of under-funding, any m
derived from the current income data will incorporate a bias towards under-funding.

The questionnaire asked MPAs not only to report on the current income levels but also to give an estimate of
much additional funding would be required for them to meet their management objectives. More specifically, res
dents were asked to bracket their estimates between the incremental funding that was required at a minimum an
increase that would take them to a funding level regarded as ideal. For the purposes of the forthcoming analysi
minimum funding requirement (MFR) will refer to the minimum level of income necessary to achieve the aim
objectives of the MPA. Similarly the ideal funding requirement (IFR) will refer to the sum of money needed f
ideal standard of protection and management.

No detailed procedure was laid down for estimating minimum or ideal funding needs. Respondents were a
simply to state a monetary value. This means responses reflected a degree of subjectivity in how respondents
preted the criterion and in how they estimated additional income requirements. Subjectivity seemed most ev
in estimates of the ideal funding requirement. In more than one instance, the estimated ideal funding level was
cisely twice the estimated minimum level e possibly a case of ‘‘think of a number and double it’’. This remark
meant as criticism but highlights the difficulty respondents might have had in answering an open question o
nature.

Forty-nine of 79 replies responded to the questions on minimum income requirements, while 41 out of th
specified an ideal income. Responses revealed a broad range of financial viability of the MPAs with some appar
extremely under-funded and others satisfactorily funded, at least to a minimum level. The median percentage inc
in income required to meet the minimum funding requirement was 15%, while the increment needed to secure
funding was 74%.

Among those MPAs which supplied answers to the relevant questions, five were funded exclusively from v
fees and each of these regarded their current income levels as acceptable. A further eight were funded by foreig
tities, of which five found current incomes acceptable. However, of the 32 MPAs who relied on government fun
only nine were satisfied; eight of the 32 believed their incomes should ideally be more than twice the prevailing le

4.2. Selecting the data for analysis
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In developing the MPA funding model we used the measure of minimum funding requirement because the fi
given, as discussed above, are probably more robust than the IFR and because funding bodies will usually base
decisions on fulfilling the most urgent priorities (the ‘‘must-haves’’, not the ‘‘nice-to-haves’’). In 15 cases, a figu
the IFR was provided by the respondent but the question on the MFR was left unanswered. In these cases, an MF
the MPAs was estimated from the IFR in order to increase the sample set for the purposes of modelling. The ra
MFR to IFR for those MPAs which answered both questions was approximately 0.4 and this was then used to esti
MFR values for MPAs which supplied only IFR data.

Area and visitor numbers were the only variables to show any statistically significant relationship with the
mum funding requirement (area versus MFR: r¼ 0.53, p< 0.001; visitor numbers versus MFR: r¼ 0.51, p< 0.

4.3. Model development
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A predictive model of funding needs based on the characteristics of an MPA could be statistical in nature (i.e. b
on observed relationships between variables without a detailed attempt to understand the underlying causality)
could be bottomeup, with an attempt to discover typical execution costs for particular combinations of activitie
timately, the most satisfying approach would be the latter, since it would permit a linkage to be drawn between a th
of MPA cost structures and the empirical evidence of how MPAs operate in the real world. Here, we construct a si
bottomeup model e based on a fixed cost/variable cost approach e and test it against the survey findings. As we
see, although it is not difficult to hypothesise a possible form for a model, testing it against the data presents se
challenges, owing to the very wide range of values that each of the variables in the sample occupies.



In principle, a bottomeup model for income requirements would look at the costs of pursuing various activities.
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The total running costs of an MPA would then take the form:

CT ¼ C1þC2þC3 þ/þCi/
osts.

where CT¼ total cost and Ci¼ cost associated with activity i.

There could be many drivers of Ci, but a basic model might assume that Ci comprised both fixed and variable c

ould
take
The fixed costs (or overhead) might reflect, for example, the need for management staff. The variable cost w
depend on the value of a particular factor (e.g. area, visitor numbers). This simple hypothetical model might
the following form:

Ci ¼ Oiþ ui1F1 þ ui2F2þ/þ uijFj þ/
iable
where Ci¼ cost associated with activity i, Oi¼ overhead needed for activity i, Fj¼ value of factor j and uij¼ var
unit cost with respect to factor j in pursuing activity i.
exist
Summing across different activities (and assuming, perhaps without justification, that no economies of scale
across the various overheads) gives this general model:

CT ¼
X

Ci
ctor j
CT ¼
X

OiþF1

X
ui1þ/þFj

X
uij þ/

where CT¼ total cost, Ci¼ cost associated with activity i, Oi¼ overhead needed for activity i, Fj¼ value of fa
and uij¼ variable unit cost with respect to factor j in pursuing activity i.P
vities

l that
rmu-
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ables
In this form, uij would represent the total variable costs associated with factor Fj summed across all acti
that depend on that factor. In effect, this general model forms the basis for a linear multivariate analysis.

As a starting point for exploring relationships in the data, the multivariate model can be simplified to a mode
focuses on only one factor. In the case of area, for example, the model would take the following form. Two fo
lations of the equation are shown. The second is a simple rearrangement of the first, but focuses on the tota
per hectare rather than the total cost per se. In principle, both formulations should be linear in their respective vari
(area and reciprocal area) if the model holds good.

CT ¼ Oþ uaA or CT=A¼ O=Aþ ua
ques,

where CT ¼ total cost, O¼ overhead, A¼ area and ua¼ variable cost per hectare.

This simplified bivariate model provides the basis for a preliminary exploration, using linear regression techni
form
hows

PAs
s that
larly
from
ingly

ween
on of
MPA
e re-
ctive

mean
ctare.
of how a particular variable influences income requirements.
Before attempting to analyse the data statistically using this basic model, it is worth demonstrating that some

of positive correlation does exist between the minimum income requirement (i.e. MFR) and MPA area. Fig. 2 s
the MFR for each MPA plotted against how that MPA ranks by area within the sample. The tendency for those M
with larger areas to have higher income requirements e clearly visible as a general pattern in Fig. 2 e suggest
area might indeed be an important determinant of the income requirements. This rank-based approach is particu
useful in circumstances where the raw data cover several orders of magnitudes (from 101 up to 106 for area and
104 up to 107 for income). As we shall see shortly, tests based on a least-squares method can give rise to mislead
high correlations in such circumstances.

In Fig. 3, we revert to the basic bivariate model from the previous section and investigate the relationship bet
income requirements and area using standard regression techniques. The study in Fig. 3 uses the second formulati
the basic model, focusing on the minimum funding requirement per hectare as a function of the reciprocal of
area. In principle, either formulation could have been used for the regression analysis. By focusing on the incom
quirement per unit area, the intention was to bring the data points within a more manageable range. This obje
proved elusive.

The regression analysis in Fig. 3, based on a sample of 50 MPAs, implies that each protected area requires a
annual overhead of approximately USD 96,000 plus an additional annual area-based income of USD 28 per he



On the face of it, the results of the regression appear encouraging, with R2¼ 0.95 for the area model (and 0.80 for
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Fig. 2. Minimum funding requirement (in USD) against MPA area rank.
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visitor numbers). However, a closer examination of the data reveals a flaw in this approach, which means the app
strength of the regression must be treated with scepticism. The distribution of the data inputs, which one had h
might be better accommodated by focusing on the MFR per unit area, remains a fundamental problem. Since the
for area and visitor numbers cover many orders of magnitude, the density of data points across the sample is no
form when analysed on a linear scale. In practice, the density of data points increases rapidly approaching the o
This clustering will tend to generate falsely high correlations in regression tests because the greatest weight w
given to the few outermost points while all of the points clustered near the origin will appear to be in close proxim
as far as the regression mathematics is concerned e to the line of best fit.

What began as an attempt to build a bottomeup model for MPA funding requirements must be abandoned, for
in the absence of sample data that are reasonably evenly distributed in linear space. With data that are fairly ev
distributed in log space, the obvious conclusion to draw is that any regression-based approach will yield meani
results only if applied to log data. This is the approach adopted in the next section.

Moving from a model based on absolute data to a model based on log data is not without analytical cost. In pra
it will be difficult to relate regressions based on log data easily to any bottomeup model because the intervening m
ematics is more complex. In effect, any relationship found in the log data will have to be seen as largely statisti
nature (rather than as grounded in a detailed understanding of the cost of pursuing various activities). Here we dev
a multivariate model relating log MFR with log MPA area and log visitor numbers.

Multivariate model:

log MFR¼ a log Aþ b log V þ c
y = 96106x + 27.68
R2 = 0.9518
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Fig. 3. Income per unit area (USD per hectare) versus the reciprocal of area.
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c¼ regression constant.
Multiple regression results on data from 51 MPAs produced the results summarised in Table 2. The adjust

from this analysis was close to 0.46, with the standardised coefficients suggesting that area made a slightly gr
contribution to the result than the visitor numbers.

Fig. 4 illustrates the quality of fit of the model results plotted against observed values. The R2 of 0.46 is app
from this chart, with a broad distribution of the observed values around the modelled line. The standard deviati
the residuals (the difference between observed and predicted values) around the line of best fit is approximately
illustrated by the two channel lines, separated on either side of the modelled line by one standard deviation. It is
that the two-variable model provides a useful but incomplete description of the MPA funding requirements. Fu
more, there seem to be no obvious patterns in the residuals, a subject to be discussed in more detail shortly.

In order to demonstrate the predictive range of the model, the equation of best fit is presented below, wi
estimated error of �one standard deviation.

log MFR¼ 0:202 log Aþ 0:206 log V þ 3:959� 0:45:
or of
etical
It should be noted that the additive error of �0.45 in the predicted log data corresponds to a multiplicative err
10�0.45 in the predicted underlying data (i.e. approximately 2.8 times). In practice, this means that if a hypoth
ctual
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MPA had a predicted value for minimum income of USD 1.0 million (based on area and visitor numbers), the a
figure could range from USD 350,000 up to USD 2.8 million within one standard deviation of the log model.
a broad range is not entirely unexpected. The complexity of circumstances in which MPAs operate make it unl
that a simple model can explain with precision the income requirements that would apply in a particular conte

Statistical tests suggested that there was no significant relationship between any of the other variables assess
this survey and MPA funding needs. Habitat, purpose, zonation, the benefit to fisheries and the geographical loc
of the MPA appeared to have no bearing on the minimum amount of income sampled MPAs required to fulfil
objectives. However, it is probable that some or all of these other factors do have some impact on the income req
ments which, although insignificant in their own right, when combined would explain a reasonable but indeterm
amount of the residual. A larger sample of MPAs would allow a more powerful analysis of their relationships wi
MFR. In addition, it is likely that the questionnaire failed to reveal sufficient detail as to the nature of variables
sured. Taking the example of zonation, the survey did not solicit a detailed breakdown of the zonation patterns o
basis of size and activity. It is likely that the minimum funding requirement will be dependent on the nature and
of zonation-related activities. There are also a number of other factors which might be expected to influence th
going funding requirements of an MPA, but were not tested in this survey. An example of one such factor is an M
maturity. An MPA in the initial stages of development and implementation, for example, is likely to have diff
income needs to an established MPA which may be undertaking a re-evaluation or plan revision.

Having established the overall relationship between area and visitor numbers and the minimum funding req
ment, we explored differences in the model across the three main clusters identified within the sample. It was a
ipated that applying the model to the requirements of the different ‘‘types’’ of MPAs would have the potent
explain some of the residual differences between the observed MFR and the predictive model. For example, if C
A had showed very different requirements to clusters B and C, it might have been surmised that the benefit to fish
Table 2

Results of multiple regression model

R R2 Adjusted R2 Standard error of the estimate

0.693 0.48 0.458 0.4611

Unstandardised coefficients Standardised coefficients

B Standard error Beta T Significance

Constant 3.959 0.254 15.608 <0.001

Area 0.202 0.043 0.491 4.663 <0.001

Visitor numbers 0.206 0.052 0.418 3.965 <0.001



was a determinant of the MFR. In reality, no such difference was apparent e interestingly, the clusters showed no
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Fig. 4. Observed minimum funding requirement (MFR) compared with predicted MFR (channels show� one standard deviation).
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obvious patterns in their requirements despite the differences in visitor numbers and area between the clusters

5. Summary and conclusions: appreciating complexity and context

The aim of the study was to investigate the income requirements of marine protected areas and their dependen
the quantitative and qualitative factors that characterise specific MPAs. The underlying goal was to explore whet
is possible to construct a predictive tool that could be used for planning purposes to estimate income requiremen
future MPAs based on characteristics that could be readily measured or estimated.

In order to collect empirical information from existing MPAs, questionnaires were sent to approximately
MPAs worldwide in which the recipients were asked to supply data that described the circumstances and objec
of the MPA, as well as to give their estimates for current income, the income that would allow them minimally to
their objectives and the ideal level of funding. Responses were received from 79 MPAs with a broad distribution a
geographies and purpose. Quantitative data for the major items (e.g. size, visitor numbers and income) typi
covered many orders of magnitude, from the very small to the very large.

A cluster analysis based on eight variables indicated that the sample MPAs could be grouped into three broad
egories: (a) those with relatively low visitor numbers, often located in developing countries and focused on fish
and enforcement; (b) those with a broad range of purposes from recreational to commercial; and (c) an irregular g
with relatively low visitor numbers, restrictive objectives and a possible conservation bias.

A broad range of statistical techniques e predominantly based on bivariate analysis e was used to analyse rela
ships in the data with a view to understanding which variables might be related to income requirements. In
dependency was tested against factors such as MPA size, purpose, type of habitat, visitor numbers, parent n
wealth, source of funds and zonation.

Of the variables assessed, area and visitor numbers were found to be the most important drivers of minimu
come requirements e and the only factors for which a quantitative trend could be established. For area, the correl
metrics were r¼ 0.53, p< 0.001. For visitor numbers, the metrics were r¼ 0.51, p� 0.001. Based on these find
two approaches were undertaken to build more detailed multivariate models.

In the first of these, a bottomeup model was put forward for testing, based on the hypothesis that MPAs typi
undertake a variety of tasks and that the income required for these might be related to the two identified vari
through a simple (i.e. linear) fixed cost/variable cost model. This approach gave superficially interesting re
(R2¼ 0.95 for area, 0.80 for visitor numbers) but the authors determined that these results were deceptively
and mostly a consequence of the very wide range of values for the key data, which covered many orders of magni
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arithmic approach gave rise to a data set that was more evenly distributed across the sample and therefore more
ceptible to regression-based analyses. At the same time, by parting company with a bottomeup model, the opport
for a detailed explanation of the underlying mechanisms was passed over in favour of a more statistical tope
approach. The log model (with the structure log ðincomeÞ ¼ a log ðareaÞ þ b log ðvisitor numbersÞ þ c) gave
to a measured correlation of R2¼ 0.46. There were no discernable patterns across the three classification categ
identified in the cluster analysis.

The significance of area to income requirements was of little surprise given its profile in the literature (e.g.
[22,26]). However, the relationship between visitor numbers and funding needs was interesting and might go
way to explaining why apparently well financed northern hemisphere MPAs still claim to be under-funded. It
be that their income is directed away from core conservation-related activities to activities such as providing i
mation, toilets and car parks. The fact that for the MPAs in the survey, on average nearly 20% of the current in
is being spent on visitor and education related activities tends to support this assumption. The understanding o
relationship between income and visitor requirements may have important implications not only for the lev
income an MPA requires, but also from where it is obtained. Given that this substantial proportion of the in
an MPA requires is being utilized for amenity purposes, a case may be made for funds to be provided from
typically more robust government social and educational as well as environmental budgets.

Another important conclusion which may be drawn from the study is that the specific context in which each
operates e embracing physical characteristics such as area and location, demands on resources such as visitor
enforcement, elective activities such as community relations and education and, finally, the ultimate aims and o
tives of the MPA such as the preservation of economically valuable resources or environmentally motivated co
vation e results in considerable complexity. This complexity makes the goal of a unified predictive model of in
requirements elusive. What is clear from the study, however, is that the effective management of MPAs is cos
with the presence of visitors increasing the burden. With visitor numbers for many successful MPAs likely to
over time, it would seem prudent to cope with increasing demands by building a visitor fee structure into any su
able financing programme. For this strategy to be effective, visitor fees need to be set at a sufficiently high level.
would imply that a significant increase from the current fee levels is required. The survey shows that even wit
present levels of under-funding, MPAs receive USD 19 per visitor compared to the USD 2e3 levied per div
many Caribbean MPAs [27]. Both real life examples such as Bunaken National Park in Indonesia which ch
USD 15 [28] per visitor and WTP (willingness to pay) studies done on some Caribbean sites, which ind
a WTP of USD 20 per person [29,30], suggest that there is a great deal of room for MPAs to increase their user

One important limitation of this analysis is that it only considered running costs. Potentially the most significa
all of the costs associated with an MPA are the opportunity costs. The day-to-day expenses of running an offic
visitor centre might be dwarfed by the economic returns foregone in order to establish an MPA and ensure its o
tives are met. These returns might include development profits foregone to avoid pollution and siltation of the s
fishing revenues forsaken by displaced communities (although MPAs that protect sites from fishing may inc
catches beyond their boundaries [7]). All too often in the MPA literature, the broader context of the MPA its
beyond that of the local community e is ignored or only referred to in passing. The full implications of chan
the development plans for a wide area must be considered in any MPA-based conservation strategy.

As a final point, a focus on costs does not provide the full picture. Only gross costs were analysed in this su
As important, if not more important than understanding the cost structure of MPAs, is understanding their econ
benefits, both existing and potential. As many studies have already indicated, the apparent costs of runnin
effective MPA might in many cases be more than offset by their attendant economic benefits. In Balm
et al.’s 2003 study [26], the estimated annual USD 5e19 billion cost of running a global system of MPAs is dw
by the contribution it would make to maintain the healthy functioning of marine ecosystem services valued at
trillions of dollars [31].
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