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ECONOMICS OF THE OCEANS

[t is an unfortunate truth that our oceans offer valuable resources that are too often
used unsustainably. Time and again this is due to the failure of international law
to provide a framework for adequate governance. Economics of the Oceans examines
this 1ssue and provides a comprehensive study of ocean uses from the perspectives
of law and economics.

Themes covered in the book include ocean governance, the economics of oce-
anic resource exploitation, offshore oil, coral reefs, shipwrecks and maritime piracy.

Analytical rechniques such as basic game theory, environmental economics of the

commons, and cost=benefit analysis are employed to illununate the topics.

This book will also be of interest to students of environmental economics and natu-

ral resource management.

Paul Hallwood 1s Professor of Economics at the University of Connecticut, USA.,



This book is dedicated to my wife Barbara and my three
children, Sarah, Alexander and Philip.



On the surface of the blue-green planet people have fought over the green
bits for ages. However, because they didn't seem worth fighting over, they
hardly bothered with the blue bits. Strange as it might seem, the green bits
are mainly well tended, while the blue bits are in awful disrepair. Why is this?
Let’s see if we can find out.

—Lyme, Connecticut, June 30th, 2013



ILLUSTRATIONS

Figures
2.1 Daily profit from recovery of treasure
2.2 Opumizing days over a wreck
.1 A pirate’s optimal number of pirate attacks
3.2 Interaction between shipper and pirate activity
3.3 Optimal and sub-optimal enforcement against piracy
5.1 Worsening social loss as demand increase in the presence of
external diseconomies
5.2 The optimal number of subdivisions
6.1  Disputed lines between facing shore states less than 400 miles apart
6.2 Ocean boundaries: Dispute and settlement
7.1 The Timor Gap between East Timor and Australia
8.1  Fish population over time
8.2  Maximum sustainable yield
8.3  Optimal fishing effort. catch, population and economic rent
8.4 Optimal yield allowing for a negative biological spillover from
another fishery
8.5 Increased hunting effort with storage
9.1 Fishing effort reductions
9.2 Total allowable catch
9.3 Vessel catch limits
9.4  Individual quotas and individual transferable quotas
9.5 Using a landing tax to reduce fishing effort
9.6 Prisoners’ dilemma and constraining fishing rights
9.7  Cooperation game and constraining fishing rights

20
22
37
39
40

59
61
66
69
77
38
88
90

91
93
99
100
101
103
104
106
107



xil lllustrations

10.1 International agreement payoff game 114
10.2  Example A: The biomass is depleted 115
10.3  Example B: Conservation is optimal 116
10.4 Opumal catches with different biological growth rates 17
11.1  Ilustration of the grim strategy 126
14.1  Prisoners’ dilemma 151
14.2  Payoffs with a fine for cheating 151
14.3  Payoffs with a fine for cheating and compensation for the complier 151
14,4 Necessary minimum expenditure on policing 154
14.5 A game of chicken 139
14.6  Canada—EU chicken game 159
16.1  Calculating optimal coral reef improvement—Montego Bay 183
17.1  Potential sustainable economic benefits of a closed zone 195
17.2 A designated area with a central closed zone 195
17.3  Optimal policing effort 198
17.4  Effect of greater policing productivity 199
18.1  Feasible mitigation contracts 209
18.2  Creating a feasible mitigation contract 210
19.1 The deadweight loss of excessive corn output 219
19.2  Comparison of a fishery with and without hypoxic seawater 222
20.1  Ocean dumping as a coordination game 227
21.1  Production costs, oil price and economic rents of six oil fields 237
22.1  Oil production under rising marginal cost 249
23.1 Areas under contract in the Clarion—Clipperton Zone 259
A.1 Benefits measured as an increase in consumers’ surplus 262
A.2  Real income mncreases as price falls 263
A.3  Three ways to measure a project’s benetits 264
Tables
8.1 USA New England: Annual commercial landings, metric tons 86
10.1  Present value of a §1 annuity 115
12.1  Payoffs in the preponderant actor game 134
13.1  Regional fishery organizations 144
15.1 Pre-exploitation and recent whales stocks 168
16.1 GBRMP Zones and restrictions on use 185
18.1 Share of total landings by weight of top estuarine-dependent
species in total harvest by state and region 205
19.1  Vulnerability to anthropocentric-caused marine
ecosystem stressors: New England 218

21.1  Gulf of Mexico US Federal submerged lands o1l
production, average annual thousands of barrels per day 234



llustrations  xiii

21.2  Annual economic rents of six hypothetical oil fields 236
21.3  Expected discounted economic rents 239
Boxes

5.1 Marine boundaries 58

9.1 Fisheries management methods 98
10.1  Discounting and the multiplicative factor 114
16.1  Types of coral reef 178
16.2  Interactions of coral reefs with mangroves and seagrass beds 179

16.3 Marine national park zone 186



PREFACE

Economics of the Oceans uses the discipline of economics to examine various issues
relating to the use of ocean resources. I examine whether “Law of the Sea” treaty
obligations, ratified by many countries and coming into force in 1994, are proving
effective in improving the use of ocean resources. Sadly, there is not much evidence
so far that enlightened cooperative interest is carrying the day. Over-fishing and
severely depleted fish stocks are a worldwide phenomenon. International relations
specialists describe an anarchic world where countries agree only to those interna-
tional laws they want to acknowledge. Over-exploitation of many ocean resources
is a good illustration of this anarchy. Even in the exclusive economic zones, where
national writ could be made to be effective, so often it is not.

As there is more to the oceans than fish, a little more than one-half of this book is
about non-fishery issues such as the economics of maritime piracy, the law and eco-
nomics of historic shipwrecks, the setting of maritime boundaries, marine pollution,
whaling, the nature of international public law as it relates to the oceans, and the
recovery of offshore oil from the continental shelf and metals from the deep ocean.

I examine, specifically, what the objectives are of the nation-states both inter-
nally and between themselves. What constraints do they face? How can either the
objectives or the constraints be modified to create a superior legal and economic
environment governing use of ocean resources?

The “rents” of the subtitle (" Rights, rents and resources”) are the economic rents —
akin to “profits” — that could be garnered from well-managed ocean living and
non-living resources.

One of the paradoxes I find is that the large energy corporations in the business
of offshore oil, with plenty of money to spend on lobbyists, are well regulated and
share significant amounts of the economic rents they make with their respective
governments. The much smaller fishing concerns and individuals are the ones who
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often run amok with resulting over-fishing and low or non-existent economic
rents.

The “rights” addressed in the subtitle are the rights to access ocean resources. At
one extreme is the right of open-access to common pool ocean resources, especially
fisheries. At the other is the existence of property rights, as with individual fishing
quotas, licensed offshore oil lease blocks, and deep sea tenured mining leases. The
issue of “rights” also addresses the question of who can share in the bounty of the
ocean and what economic rent it can provide with careful exploitation.

In the early days, when the Law of the Sea was being negotated, developing coun-
tries pressed the concept of the “common heritage of mankind”, under which all
countries would share in the oceans’ bounty. As it turned out, ocean boundaries, the
exclusive economic zones, were agreed and coastal states get to keep the economic
rents, assuming that there are any of course. The common heritage doctrine does
though apply in one area — an area that perhaps one day could become extremely
profitable — and that is deep sea mining beyond any exclusive economic zone. One
of the responsibilities of the International Seabed Authority is to design a fiscal sys-
tem for the sharing of economic rents with commercial ventures and to pass them
on to UN members. So far progress is slow and is bound to be controversial.

IfT was to pick just one of the many issues that excite me [ would have to choose
the question broached in Chapter 13: “Why do countries sign treaties even though
they know the agreements will be ineffective in practice?” Many of the chapters
contribute to answering this puzzle, and [ do come up with suggestions.
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OCEAN RESOURCES, OCEAN
GOVERNANCE

Resources
2 Regulating vse of the oceans
3 Ocean governance
4 What 1s “international public law™?
5  The chapters

Economics of the Oceans: Rights, rents and resources studies the economic uses of ocean
resources, rights to exploit them, and the division of surpluses (or economic rents)
between the users and the “owners” of ocean space. But who owns the oceans?
The answer i1s that within agreed exclusive economic zones coastal states have
sovereign rights where national laws apply; beyond, lies the two-thirds of the oceans
called the *“high seas™, where loose and often ineffective international public law
apphes.

Unul the end of the Second World War the oceans were tabula rasa. What inter-
national law did exist — for example. over the width of the territorial sea, freedom to
fish, and freedom of navigation — was customary international law, itself a voluntary
regime that independent countries could choose to obey or not, Much of this book
15 about the need for and progress of attempts to bring ocean resources under effec-
tive international law that promotes the rational economic use of ocean resources.
As we will see, this progress is limited.

Economic theory s used to assess existing regimes governing the use of these
resources. Two broad questions are investigated: are existing governance regimes
economically ratonal in making best use of ocean resources? And, how are eco-
nomic rents — approximately the profits — distributed between producers such as the
fishing industry or offshore oil companies on the one side, and the sovereign owners
of the submerged lands on the other?



