A BIOECONOMIC MODEL FOR EVALUATING THE
ROLE OF CONSERVATION FINANCE IN FISHERIES

A Thesis
Presented to the Faculty of the Graduate School
of Cornell University
in Partial Fulfillment of the Requirements for the Degree of

Master of Science

by
Thomas Moylan Anderson Jr.

August 2018



© 2018 Thomas Moylan Anderson Jr
ALL RIGHTS RESERVED



ABSTRACT

Current contributions from public and philanthropic sources, while significant, are
insufficient to finance global fisheries reform. Private capital markets are a largely
untapped resource that many argue can help support and sustain sustainable fish-
eries management. This paper explores this topic by analyzing the challenges and
opportunities facing conservation finance, a growing industry seeking to balance
financial returns with improvements to local environmental, economic, and social
conditions. Using open access fisheries as context, we present the first application
of a bioeconomic model to inform conservation finance for fisheries. We identify
three strategies described by the conservation finance industry and evaluate their
capacity to generate financial returns and to promote positive triple bottom-line
impacts. Our model suggests that, in order for conservation finance to be effec-
tive, strong fisheries governance must first be established. If governance is not
established, then conservation finance is faced with a perverse incentive in which
a conservation finance project can generate value and increase employment while
depleting the stock biomass. The results also suggest a tradeoff between envi-
ronmental and social outcomes for fisheries operating at open access: in order to
promote the recovery of the fish stock, fishing effort must be reduced. This conflicts
with the stated goals of conservation finance and the broader sustainable develop-
ment community to promote sustainable natural resource use without impacting

the livelihoods of local stakeholders.
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CHAPTER 1
INTRODUCTION

Despite a rich literature on optimal resource management, over-fishing remains
a key threat to the survival of coastal communities and the function of marine
ecosystems [54,91]. Fisheries support the employment of millions worldwide and
are critical to the food security of countless others [29]; yet poor management
continues to drive many stocks towards collapse [37,91]. When combined with
other challenges like habitat loss and global climate change, some have concluded

that the future of fisheries is bleak [60].

Nevertheless, recent work seeking to quantify the gains from healthy global
fisheries present a compelling case for reform: healthier ecosystems, larger harvests,
and more efficient harvesting behavior could bring billions of dollars in increased
profits to the seafood industry [21,89]. At the same time, a growing number of case
studies provide evidence that efficient policy design can lead to local improvements
to the biological, economic, and social conditions in fisheries around the world
[11,23,38,72]. And while reform is expensive, estimates suggest that, in the long

run, the benefits could far outweigh the costs [79].

Often missing from these discussions, however, is the financing necessary to
bring about and sustain desired changes in fisheries management. When available,
public funds are used to support the monitoring, enforcement, and implementation
necessary for successful management or to provide financial support for fishers who
need to develop a new business model, purchase more sustainable fishing gear, or
pursue an entirely new livelihood [52,79]. But in many fisheries, such public
support is either not available or is used to subsidize the fishing industry without

consideration of sustainability [19,79] .



As a result, non-government actors have become increasingly important as
both capital providers and, more generally, as catalysts for change [31]. Citing the
inability of many governments to prevent the decline of global fisheries, private
foundations, Non-Governmental Organizations (NGO’s), seafood wholesalers, gro-
cery retailers, and others with an interest in sustainable seafood have effectively
established their own set of tools for engaging stakeholders and influencing fisheries
governance [69]. These range from assistance in the design and implementation
of improved management institutions (e.g. Environmental Defense Fund’s Catch
Share Design Manual), attempts at leveraging the supply chain to generate demand
for sustainable seafood (e.g. Marine Stewardship Council), and the provision of

concessionary financing to stakeholders [31].

But many argue that these contributions are still insufficient to rebuild global
fisheries [13,65]. In fact, although the financing gap has not been directly quan-
tified, estimates of the costs of global fisheries reform dwarf current philanthropic
contributions: between 2010 and 2015, the combined contributions from philan-
thropic sources and from ocean-related official development assistance totaled $4.3
billion [15]; global estimates for the costs of reducing fishing effort to optimal levels

(only a portion of the true costs of reform) range from $100 - $300 billion [80,92].

Private capital markets are one of the few untapped large resources that might
be able to provide financing at the scale necessary to make meaningful progress
towards filling the financing gap [13,65]. Of particular interest is the growing field
of conservation finance, where private capital is used to support local improve-
ments to environmental, social, or economic (the so-called “triple bottom-line””)
conditions while also generating financial returns to capital providers [42]. Provid-

ing a platform through which philanthropic and private capital might be blended



together and leveraged to finance change, conservation finance has attracted the
interest of a wide variety of capital providers and, in some cases, helped to es-
tablish partnerships between foundations, NGOs, investment banks, and impact

investors [42,43,56,90].

To date, however, conservation finance has had comparatively little impact on
seafood. Of the $5 billion in private capital committed to support sustainable
food and fiber production between 2004 and 2015, only $28 million (0.5%) was
invested in promoting sustainable fisheries [34]. Despite a need for capital and
the development of blueprints for investment in natural resources [27, 78], too
few fisheries-related projects have been able to present a salable business case for
return-seeking investors. Although the long-run benefits of sustainable fisheries
might exceed the costs, the costs will likely come far before the benefits can be
monetized by either the fishing industry or by capital providers. As a result, the

market remains largely undeveloped [85].

The purpose of this paper is to gain further insight into the challenges and op-
portunities facing conservation finance for fisheries. Starting with a review of the
current challenges facing global fisheries, we then consider the strategies proposed
by conservation finance practitioners for solving these challenges. In particular, we
seek to understand if these strategies can satisfy both the financial requirements of
return-seeking capital providers while also maintaining or improving the environ-
mental, social, and economic conditions in a fishery operating at the open access
equilibrium. To approach these questions, we develop a bioeconomic model of a
fishery that simulates the behavior of a profit maximizing fishing fleet. Then we
use the model to compare three strategies for sustainable value generation: (1) an

increase in the post-harvest market value of fish, (2) the implementation of a range



of optimized fishery management plans to promote stock recovery as fast as pos-
sible and (3) the implementation of gradual fishery management in which harvest
price is determined by environmental outcomes. We evaluate the results based on
financial outcomes and triple-bottom line impact by comparing stock size relative
to maximum sustainable yield, the change in number of vessels operating, and the
total profits generated at the end of a reasonable investment period. This paper
contributes to the literature by providing the first application of a bioeconomic
model to conservation finance for natural resource management. Although this
stylized model does not represent any specific fishery, the insights from this paper
can help practitioners and fishery scientists to better understand the potential of

the conservation finance industry.



CHAPTER 2
CONSERVATION FINANCE FOR FISHERIES

2.1 Current Problems in Fisheries Management

The decline of global fisheries as a result of overfishing and exploitation of the ma-
rine environment is well documented [44,50,91]. Along with causing the decline
of target fish stocks, fishing activity can incur additional environmental costs such
as by-catch [24,35], habitat destruction [36,63,64], and impacts on the broader
trophic organization of ecosystems [53,59]. Degraded fisheries and habitat even-
tually incur social and economic costs on fishing communities. Low catch per
unit effort, low processing yields, product waste, and poor access to high value

markets all undermine the ability of stakeholders to leverage fishing into secure

livelihoods [3, 74,86, 89].

A growing number of fish stocks are in the process of restoration and are no
longer over-fished [22,38]. But in doing so, some fisheries have failed to balance
environmental objectives with economic and social outcomes [6]. To achieve success
across the triple bottom-line, fisheries need sustainably managed resource stocks
supporting profitable harvest and processing businesses that are integrated with
and support local communities [6,26,33]. Accordingly, pursuit of a triple bottom-
line notion of sustainability has started to reshape the priorities of governments,
private firms, foundations, and other social interest groups working to promote a

holistic approach to ocean health [1].

A single model certainly could not address the wide range problems facing

global fisheries. To narrow the scope, we focus specifically on fisheries operating



at open access, where no management institutions or agreements govern fishing
behavior, as the motivating context. Open access conditions produce a problem
for common-pool resources like fisheries. Faced with a rival but non-excludable
resource, economic theory suggests that fishermen will compete with one another
until the economic profits of harvesting are driven to zero. These conditions will
drive inefficient levels of fishing effort, overinvestment in productive capital and,
in many cases, overexploited fish stocks [30]. Although true open access fisheries
are uncommon, fishers subject to poorly enforced regulations or whose activities
are unmonitored can behave as if they were under open access. Evidence from
fisheries operating under such conditions tend to follow theoretical expectations

for open access resource use [45,49,51,68,81].

This is particularly relevant to fisheries in developing countries, where the in-
frastructure, regulations, or institutions necessary for effective governance might
not exist [9,69,87]. In some cases, fishing is an occupation of last resort in which
resource dependent, marginalized communities struggle with poverty and malnu-
trition. Fishery improvements must strike a delicate balance between supporting a
vulnerable fishing community and recovering a potentially collapsed fish stock [3].
Given that roughly half of all seafood entering international markets comes from
developing countries [29], open access fisheries present an important and relevant is-
sue for sustainable seafood. It is, therefore, reasonable to believe that fisheries with
these characteristics are plausible targets for conservation finance. Not only are the
environmental, social, and economics needs significant but, without changes, these

fisheries will likely continue to decline towards the open access equilibrium [30].



2.2 Defining the Role of Conservation Finance in Fisheries

In order to address the problems caused by open access fisheries and other manage-
ment failures, project managers need to gain access to new sources of financing.
In this paper, we are particularly interested in conservation finance as a source
of private capital. In contrast to philanthropic capital or development assistance
funding, private capital engaged in conservation finance operates in a competitive
market: To attract return-seeking capital providers, conservation projects must

meet investor expectations regarding financial returns and investment risk [43].

On the surface, seafood products are valuable, widely traded, and present a
clear case for investment: annual global seafood exports of $148 billion represent
1% of all products traded globally [29]. Current models suggest that rising global
incomes and population growth will continue to drive strong demand and support
high seafood prices [83,88]. And, as mentioned in a previous section, sustainable
and efficient management of fisheries could bring billions in additional profits to
the global seafood industry [89]. But international seafood markets are complex,
involving hundreds of commercially important species sourced through long, frag-
mented supply chains [5]. Furthermore, unlike most other sources of protein, wild
capture fisheries exist in the context of a broader ecosystem, making their profits
sensitive to natural fluctuations in the environment [73]. Under open access con-
ditions, these systemic risks add an additional layer of complexity to the perverse

incentives already facing fishermen.



Strategies for Generating Value

With these risks as context, conservation finance deals must generate value for both
stakeholders and capital providers. Holmes et al. [39], suggest that investment can
be channeled towards the following drivers of increased value: the health of the
fish stock, the operational efficiency of fishing activity, and the market value of
harvest. The few case studies of proposed or existing conservation finance projects
generally follow this framework. They exhibit investments in improved technology
for regulation enforcement [27], fishing quota to reduce fishing effort [27,52], pro-
cessing plants for sustainably sourced seafood [27,82], and distribution/marketing

companies with access to international sustainable seafood markets [27,52, 82].

To reflect these different approaches to value generation, we model three inter-

ventions in this paper.

Intervention 1: Increase in post-harvest value

The first intervention simulates the capture of increased market value post-harvest.
This could reflect a number of different strategies that occur outside of the har-
vesting sector such as an investment in marketing efforts, distribution timing, or
processing quality [69]. All else equal, higher marketing or processing margins and
broader market access would increase the demand for fish, driving up dockside
prices [41]. This approach is particularly relevant for impoverished communities
characterized with poor economic or social conditions. Providing market access
and increasing revenues from fishing might generate important improvements to

lives of stakeholders without the costs of reforming management.



Intervention 2: Optimal Management Reform

The second intervention for value generation is management reform. There are
a wide range of possible management reforms that, if implemented and enforced,
would change the incentives faced by fishers. A significant portion of fisheries
science and economics has been dedicated to evaluating biological, economic, and
(to a lesser extent) social outcomes associated with these alternatives. Examples
include permit and season limits [40], co-management [32], catch shares [23], indi-
vidual transferable quotas [7], and marine protected areas [48]. For the purposes
of this paper, we follow Anderson & Seijo [8] by aggregating these management
approaches into three broad categories: input controls, output controls, and dedi-
cated access permits (D.A.P.’s). Although economic theory suggests some policies
to be more efficient than others, political and social realities often prevent most
fisheries from pursuing the first-best policy. In fact, many fisheries around the

world exhibit a combination of these three general management types [69].

Intervention 3: Gradual Management Reform and Endogenous Price

The third intervention models value generation through management while also
incorporating both a minimum effort requirement and an endogenously determined
market price. The minimum effort level prevents a complete fishery closure, slowing
the recovery path of a fishery. Although complete fishery closures are, in many
cases, technically optimal, the welfare costs of closure are difficult to measure and

implementation may be unrealistic [17].

An endogenously determined price premium plausibly represents the impact

of an ecological certification scheme on harvest price. These certifications are



awarded through a rigorous approval process in which fisheries must prove that the
fishery is sustainably managed. In doing so, the certifications serve as a gatekeeper
to premium markets and serve as a monetary incentive for sustainable resource
use. Certification, such as through the Marine Stewardship Council, have also
become the goal for many fisheries improvement projects around the world [69].
Many studies have shown that retail consumers are willing to pay a premium for
sustainable seafood [10,67] and that, in some cases, this can lead to higher dockside

prices [77].

2.3 Characterizing Success and Model Assumptions

In a more realistic setting, project managers would likely blend public, philan-
thropic, and private capital together in order to match the risk preferences of
different capital providers with separate stages of the improvement project [85].
For the purposes of this paper, we take a broader approach and evaluate the perfor-
mance of each intervention against environmental, economic, and social outcomes
- the triple bottom-line. But measuring improvements on the triple bottom-line is
a complex task. Anderson et al. [6], for example, propose 68 different metrics to
measure the environmental, economic, and social conditions of fisheries. For the
sake of simplicity, we will define success with one indicator for each pillar of the
triple bottom-line. These indicators are evaluated at the end of an investment hori-
zon of ten years, which reflects the time preferences of return seeking investors [25].
Although a primary goal of conservation finance is to generate improvements that
will last far into the future, all private financiers will have an exit strategy to limit
risk and to realize investment gains [42]. To account for this, we have chosen a

time horizon that is a common duration for private equity funds, a popular vehicle
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for aggregating private capital for use in conservation finance [42,52,82].

Environmental Improvements

Environmental improvements will be defined as increases in biomass relative to the
open access equilibrium and evaluated by comparison to stock size at maximum
sustainable yield (MSY). This reflects the benchmarks accepted by the scientific
community (e.g. [72]) and matches the stated priorities of the conservation finance
industry. Encourage Capital, L.L.C. (hereafter referred to as Encourage Capital)
defines its ecological objectives as either increasing or preventing further declines in
biomass [27]. Althelia Ecosphere, L.L.P. (hereafter referred to as Althelia) calls for
projects that “involve no net loss of biodiversity” and which “drive conservation of
natural habitats and wild species [4].” The Meloy Fund proposes a slightly more
structured benchmark, stating that the “target species from which the investee
is sourcing [must] have the biological potential for recovery throughout the life
of the investment [82].” Although the Meloy Fund and others utilize MSY as a
reference point, each focuses on broad incremental improvements as the core goal

for interventions.

Social Improvements

We define a social improvement as an increase in the number of vessels operating (a
rough proxy for employment) relative to starting values. Community health is par-
ticularly relevant for conservation finance because projects are critically dependent
upon strong working relationships with local stakeholders. For example, Encour-
age Capital commits itself to improving community resilience (measured through

financial contributions to a community trust), empowering fishing communities
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(measured by the number of fishing communities impacted), and increased meal
production for local and regional consumption or for international export (mea-
sured through projected increases in landing volumes, increases in utilization of
discarded bycatch, and reductions in supply chain spoilage) [27]. The Meloy Fund
focuses on employment and their standards state that the “investee will work to
minimize adverse impacts on ...employees and all stakeholders [82].” Althelia
takes an even broader approach, requiring simply that all funds support projects
that demonstrate no loss of income or livelihood as a result of the projects use of

land or other resources [4].

Economic/Financial Improvements

Economic improvements will be combined with financial performance. Because
this model does not account for distribution of profits between stakeholders and
capital providers, we assume that the total returns generated by the fishery is also
a measure of the financial performance. Returns will be measured relative to the
gross value of the fishery at open access, simply the total revenues generated by
the fishery. To be successful, it must generate positive net profits by the end of
the investment period. This flexible approach also accounts for the wide-range
of capital providers relevant to the conservation finance industry. Although the
purpose of conservation finance is engage with private capital markets, providers
of grants or concessionary financing that do not require market rate returns play

an important role in conservation finance deals [85].
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CHAPTER 3
METHODS

Bioeconomic models have been used extensively to describe fisheries and other
marine resources under a variety of conditions. Applications include fisheries op-
erating under open access [12,30,76] and a variety regulation types [8,16,40]; the
derivation of optimal dynamic utilization [18]; the incorporation of spatial connec-
tivity [14,61,70,75]; and the consideration of stochastic environmental or economic
processes [20,23,66]. More recently, bioeconomic models have been used to ana-
lyze strategies for rebuilding fish stocks [2,47] and to estimate the economic and

biological impacts of global fishery management reforms [21,89].

We employ the discrete-time bioeconomic model described by Anderson and
Seijo [8] to simulate a single species fishery at open access. Their stylized approach
is useful in that it explicitly accounts for vessel-level behavior in addition to fish
population dynamics. The profit-maximizing behavior of each vessel serves as the
driver for both the optimization of alternative management strategies as well as for
simulation under open access. Each fisher/vessel owner is identical and operates
in a perfectly competitive market. We assume that the demand for fish is perfectly
elastic, meaning that a change in the amount of fish harvested will not impact
dockside prices. This is a reasonable assumption for a fishery that is a small

supplier for a much larger seafood market.

3.1 Bioeconomic Model Under Open Access

Stock size is determined by Schaefer’s model of density-dependent growth [71]. We

assume that a single fish stock is harvested by identical fishermen where harvest

13



is a function of stock size and aggregate fishing effort. Accordingly, the fish stock

is modeled using the following recursive equation:
Xipr = Xi + F(Xy) — Y(Xy, fi,vr) (3.1)

where X, is stock size in year t, F' is the natural recruitment function of the
fish stock (Appendix A), and Y is the fishery production function, defining the
relationship between stock size, the number of vessels in the fishing fleet (v;), and
individual vessel effort (f;) in year ¢. The profits for an individual vessel for a given

year are modeled with the following function:
NR, = py8 fiXe = dlafi + BfF] — @ (3.2)

where p is dockside price, 7, «, 8 are constants, ¢ is number of days fished, and ®
is fixed costs. In the absence of regulations, each vessel is free to choose the level
of fishing effort that maximizes profits during each season. We assume that, on
each day fished, vessels operate where marginal revenue from fishing is equal to

the marginal costs of fishing:

pyXe = a+2Bf; (3.3)

Solving for the profit-maximizing level of daily effort,

. pXi—«
= A4

We can then rewrite equation 3.2 using f;:
NR; = p78f; X, — dlaf, + B - @ (3.5)

This assumes that fishing vessels produce the same amount of effort each day over
the course of the year. Or, on average, vessels maximize profits over the course of

the year. Additional details are described in Appendix A.
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New vessels enter the fishery at a rate proportional to vessel profits generated
by the fishery in the previous year. Changes in the size of the fishing fleet are
defined by:

Ve = vy + ONR(Xy, f}) (3.6)

where ¢ is a positive constant and N R; is net revenue in period ¢: To evaluate
the economic outcomes of each intervention, we calculate the net present value of

profits over the investment horizon (7% = 10) using the following equation:

T t
NPVy. :Z( L > NRu, (3.7)

—\1+i

where i is the discount rate, N R; is the total profit per vessel in year t, and v; is

the number of vessels operating in the fishery in year t.

3.2 Interventions

Intervention 1: Increase in Post-Harvest Value

In the first intervention, we simulate the impact of an increase in the market value
of fish. As stated in a previous section, one of common strategies proposed by
the conservation finance industry is to capture lost value by investing in the sup-
ply chain [69]. Improvements to the processing, distribution, and marketing of
products from the fishery can generate value by creating higher margin products
and engaging premium markets. This exogenous shift in the perfectly elastic de-
mand curve can be modeled by multiplying the base price parameter by a positive

constant, 6 > 1. Individual vessel profits can now be written

NR, = 0pgé f, X, — Slaf; + Bf;?] — @ (3.8)
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Under the new price conditions, the fishery is simulated for the course of the
investment horizon. At the end of the investment horizon, we calculate the net

present value of fleet profits by substituting equation 3.8 into equation 3.7.

Intervention 2: Optimal Management Reform

In the second strategy, we consider an investment in fisheries management reform.
Specifically, we model three management alternatives: input controls on fishing
effort, output controls that identify a total allowable catch per season, and out-
put controls using dedicated access permits (D.A.P.’s). In structuring the model
to consider many different possibilities, our results apply to a broad typology of

fisheries.

Instead of simulating the fishery as under Intervention 1, here we are able
to calculate the optimal dynamic utilization of the fishery for each policy type by
maximizing the net present value of harvesting profits over a finite period (T" = 30).
T is chosen to reflect the fact that the goal of conservation finance is to produce
improvements that last far beyond their involvement; however, the results will be
evaluated at the end of the investment horizon, 7. A generalized form of the
optimization objective function is

max{NPVy} = max { ET: (1 i Z,>tNRtvt} (3.9)

t=0

where i is the discount rate, N R; is the total profit per vessel in year ¢, and v, is
the number of vessels operating in the fishery in year t. The optimization routines
are described in table 3.1 with additional details provided in Appendix A. At the
end of the investment horizon, we calculate the net present value of fleet profits

utilizing equation 3.7.
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Table 3.1: Intervention 2 Summary

Input Constraint Output Constraint D.A.P.’s

Objiective Maximize Net Present Maximize Net Present Maximize Net Present
Jectv Value of Harvest Value of Harvest Value of Harvest
Control Variable Total Fleet Effort Total Harvest Total Harvest
. 0< E, < Eysy 0<Y;, <Yusy 0<Y; <VYusy

Constraints

Xo < X Xo < X, I{ = fuin

Xo < X

The key distinctions between each management approach come in the optimiza-
tion constraints, particularly in the mechanisms driving individual fishing effort.
Under each management intervention, we assume that enforcement is perfect, that
harvest must remain below the maximum sustainable yield (Yjssy ), and that the
stock size must remain at or above the initial stock size (X;). The optimal daily
fishing effort, occurs where marginal cost equals both marginal revenue and av-
erage cost [7]. Under input or output constraints, there is no mechanism could
maintain individual fishing effort at this level. D.A.P.’s; however, will eventually
achieve this optimal level of effort, regardless of the starting stock size [7]. For the
purposes of optimization, therefore, we assume that vessel owners under D.A.P.’s
operate at both the profit maximizing and cost minimizing levels of fishing effort
at every time period. At the same time, only the optimal number of vessels are al-
lowed to operate in a given period (see Appendix A for details). While this ignores
some of the nuances of D.A.P.’s, the resulting harvest path is the most efficient

solution possible and is sufficient for this analysis.
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Intervention 3: Gradual Management Reform and Endogenous Price

In order to account for potentially high social costs associated with intervention
2, we consider a third, more moderate recovery approach for Intervention 3. Here,
we use the same optimization framework as in Intervention 2 but with two main
differences: (1) a constraint that prevents total fishing effort from falling by more
than 50% from the open access equilibrium (see supplement for details) and (2)
and endogenous price function with the following functional form:

p Xy < Xmsy
P = (3.10)

p(1+7) X¢ > Xusy
When the stock size is less than stock size at maximum sustainable yield, the
base parameter is used for dockside price. When stock size rises above maximum
sustainable yield, a premium 7 > 0 is added to the price. This price premium
is applied to all three of the management reforms described in intervention 2:

input controls, output controls, and dedicated access permits. At the end of the

Table 3.2: Intervention 3 Summary

Input Constraint Output Constraint D.AP.’s
Objiecti Maximize Net Present Maximize Net Present Maximize Net Present
Jective Value of Harvest Value of Harvest Value of Harvest
Control Variable Total Fleet Effort Total Harvest Total Harvest
< <
0<Y, <Yusy 0<Y;, <Yusy OE_ )//}22?4”
Constraints EBE/2 < Et EBE/2 < Et ffE f =t
= JMIN
Xo < X, Xo < X, X, < X,

investment horizon, we calculate the net present value of fleet profits utilizing

equation 3.7.
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Model Parameters

The model parameters were chosen using relevant values chosen from the literature

and are displayed in 3.3. Economic parameters are normalized to the ex-vessel price

of fish and biological parameters are normalized to the carrying capacity in order

to maintain generality. The model is initialized at the open access equilibrium,

where X;,1 = Xy = Xoa and v = vy = voa. Under the base parameters, stock

size at open access is 29% of natural carrying capacity and 58% of stock size at

maximum sustainable yield. Under these conditions, the fishery is not able to

produce the maximum sustainable yield and is therefore “overfished [58].”

Table 3.3: Parameter Values

Parameter Description Value Source

o Stock Productivity 0.300 Anderson & Seijo [§]

K Carrying Capacity 1.000 Anderson & Seijo [8]

p Price of Fish 1.000 Anderson & Seijo (8]

vy Catchability Coefficient 5.000x1075  Anderson & Seijo [§]

« Vertical Intercept of Daily Marginal Cost 0.294 Anderson & Seijo [8]

I6; Slope of Daily Marginal Cost 0.294 Anderson & Seijo [8]

P Fixed Costs 176.471 Anderson & Seijo [§]

0 Number of Days Fished 150.000 Anderson & Seijo [8]
fuax Maximum Daily Effort 3.200 Anderson & Seijo [8]
furn Minimum Daily Effort 2.000 Calculated (Eqn. A.13)
o) Entry/Exit Coefficient 0.002 Bjgrndal & Conrad [12]
Xo Initial Stock Size (Xoa) 0.294 Calculated (Eqn. A.14)
Vo Initial Fleet Size (voa) 14.117 Calculated (Eqn. A.15)
Xmsy Stock at Maximum Sustainable Yield 0.500 Calculated (Eqn. A.25)
Yusy Maximum Sustainable Yield 0.075 Calculated (Eqn. A.24)
0 Intervention 1 Premium 25% Encourage Capital [27]
T Intervention 3 Endogenous Multiplier 18% Stemle, Uchida, & Roheim [77]
i Discount Rate 5% World Bank [89)

T* Investment Horizon 10 de Malherbe [25]

T Optimization Horizon 30 By Assumption

Although the model parameters were chosen as representative estimates, global

fisheries are incredibly diverse, particularly in regard to biological characteristics.

The level of stock productivity used in this model is considered “medium produc-

tivity” by Musick [55]. To account for the broad diversity in life history strategies,
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a sensitivity analysis (see Appendix B) has also been conducted for stocks ranging

from “high” to “very low” productivity [55].
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CHAPTER 4
RESULTS

The table below outlines the results at the end of the investment period. Finan-
cial outcomes are presented as the net present value of profits at the end of the
investment horizon (N PVp«) relative to the gross value of the fishery at open ac-
cess (pYp). Environmental outcomes are measured as stock size at the end of the
investment period (X;) relative to stock at maximum sustainable yield (X sy).
Social outcomes are measured by the number of vessels operating at the end of the

investment period (vr«)relative to the number of vessels operating at open access

(vo)-

Table 4.1: Model Results

Financial/Econ. Environmental Social
Outcomes Outcomes Outcomes

Measure NPVy./pYy X/ Xpsy vy« [vg

Intervention 1: Increase in Post-Harvest Value
Open Access 0.676 0.461 1.109

Intervention 2: Optimal Management Reform

Input 1.904 1.236 0.357
Output 1.571 1.268 0.538
DAPS 2.150 1.240 0.581

Intervention 3: Gradual Reform with Endogenous Price

Input 1.671 1.100 0.313
Output 1.156 1.080 0.500
DAPS 1.875 1.080 0.639

Interventions 2 and 3 generate significant profits by the end of the investment
period. The net present value of these profits range from 1.2-2.2 times the gross
value of the fishery at open access. Interventions 2 and 3 also generate positive

environmental outcomes, with each management strategy producing fish stocks at
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Figure 4.1: Profits as Percentage of Gross Value at Open Access

or above stock size at maximum sustainable yield. This is significant because it
indicates that a recovering fishery can generate value within a reasonable invest-
ment horizon as long as effective governance is in place. This stands in contrast to
Intervention 1. Under open access, the fishery generates some value (0.676 times
gross value) but only at the expense of the environmental health of the fish stock.
Furthermore, profits are only generated during the first eight years of the invest-

ment horizon: By the end of the investment horizon, increases in the number of
vessels operating dissipates any profits generated.

While Interventions 2 and 3 achieve the economic and environmental outcomes,
they also require 34% - 64% decreases in the number of vessels operating. As

a result, they fail to meet the benchmark for social improvement. In contrast,

Intervention 1 leads to 10.9% increase in the number of vessels operating which
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Figure 4.2: Stock Size Relative to Stock at MSY

meets the criteria for social improvement. The apparent tradeoff between social
and environmental /financial objectives is also apparent in the optimal approach
paths for Intervention 2, where the optimal solution in each management strategy
for Intervention 2 is the complete closure of the fishery for multiple years. This
represents the fastest possible recovery time for the fish stock but would likely
impose significant costs on the fishing community not adequately captured by
this model. The results from intervention 3 indicate that some of these impacts
can be mitigated through a more moderated recovery path and the addition of a
price premium. By preventing a full closure of the fishery, Intervention 3 takes
a slower recovery trajectory; however at the end of the investment horizon, the

environmental and financial outcomes are similar to those of Intervention 2.
The sensitivity analysis in Appendix B indicates that these results are sensi-
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Figure 4.3: Fleet Size

tive to the biological productivity of the fish stock (o). In intervention 1, low

productivity stocks generate much larger financial gains than do high productivity
stocks. To some extent, this simply be numerical: All else equal, low productivity
fish stocks under open access support a smaller fleet than do high productivity fish
stocks. A smaller fleet will harvest less than a larger fleet when the capacity of
each vessel is finite. This also means that the smaller fleet can generate less total
revenue and a less valuable fishery. When the value of harvest is increased through

Intervention 1, the percentage increase in profits is, therefore, much larger for low

productivity stocks than for high productivity stocks.

Interventions 2 and 3 are also sensitive to productivity but in the opposite

direction. In Intervention 2, very low productivity stocks produce a fishery closure
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that lasts for the entire investment period. This produces no financial returns for
either fishers or capital providers while the stock size remains below X,;¢y by the
end of the investment period. Highly productive stocks are also highly profitable,
with financial returns between two and three times gross value at open access.
Although these high productivity stocks also reach a sustainable stock size within
the investment period, the social outcomes are far less sensitive to productivity:

even high productivity stocks require significant reductions in fleet size.

The size of the price premia from Interventions 1 and 3 are also important
to consider. As the price premium from Intervention 1 () increases, financial
outcomes over the course of the investment horizon initially increase but become
negative when 6 = 100%. Because vessels enter the fishery at a rate that is
proportionate to profits from fishing, an increasingly large price premium drives
faster fleet growth. A larger fleet generates larger profits initially but also leads to
faster profit dissipation. When premiums are low, the present value of profits over
the investment horizon is positive and large. But at very high premiums, profits
are dissipated too quickly leading to negative financial outcomes. In contrast,
increases in the premium in Intervention 3 (7) lead directly to increased profits.
Once governance is in place, an increase in the value of fish leads directly into value
for both fishers and capital providers. The environmental and social outcomes,

however, appear invariant to the size of the premium.
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CHAPTER 5
DISCUSSION

The dynamic behaviors displayed by the model have many implications for conser-
vation finance in fisheries. In this section, we focus on three main insights: the role
of fisheries management in supporting conervation finance, the tradeoffs existing
between environmental and social objectives in reforming fisheries at open access,
and the importance of relationships between private, public, and philanthropic

actors to the efficacy of conservation finance for fisheries.

Governance Must be a Priority

Without effective fisheries management, the strategies proposed by the conserva-
tion finance industry will fail to generate lasting value and will not support triple
bottom-line improvements in the fishery. An increase in the value of catch will
increase the value of an open access fishery during th investmeent horizon. But
it will not change the underlying incentives driving fishing behavior. If effective
governance is not in place before a strategy to monetize fishery improvements is
implemented, any short-term profits will eventually be dissipated as new vessels
enter the fishery. This is particularly relevant for project managers seeking to
build relationships with local stakeholders. As described by Sampson et al. [69],
many fisheries improvement projects in developing countries are given access to
higher margin, sustainable seafood markets before making any improvements to
fisheries management. While this might help to foster cooperation between local
stakeholders and project managers, many fisheries retain this market access for

years before making any meaningful changes to the fisheries management process.
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Worse still, projects that ignore governance can generate value and support a
larger number of fishers during the investment horizon while hastening the decline
of the fish stock. Further, low productivity stocks (those that take the longest to
recover), produce the largest short term gains relative to gross value at open access
(Appendix B). With perfect information, this strategy is clearly self-defeating: it
is not the goal of conservation finance to cause further environmental harm. But
in the context of a data poor and economically impoverished fishery, a strategy
that can quickly generate value for both stakeholders and capital providers might
be appealing to project managers attempting to balance profitability, risk, and
triple bottom-line impacts. Existing and proposed fisheries related projects utilize
increases in fisher revenue [27,82], market premium paid to fishers [27], and the
number of fishers/fishing communities engaged [4,27,82] as metrics for social or
economic success, while proposed investment time horizons can be as short as
five years [27]. The strategy modeled in Intervention 1 might reasonably produce
increases in each of these metrics over a short investment horizon, providing quick
improvements in local economic or social conditions, while actually contributing

to declines in the fishery in the long run.

Tradeoffs Across the Triple Bottom-Line

The increase in the number of vessels in Intervention 1 and the decrease in the num-
ber of vessels in Intervnentions 2 and 3 illustrates a tradeoff between environmental
and social objectives. In order to recover a fish stock at the open access equilib-
rium, the models show that it is necessary to reduce aggregate fishing effort. This
result is not impacted by an increase in the price premium in Intervention 3 (Ap-
pendix B). If fishers need to be removed from the fishery, then those fishers must

either enter a new fishery or find a new livelihood altogether. However, this type of
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transition is rarely costless. In cases where fishers have few economic alternatives,
the alternative livelihood approach may not be effective and effort reduction can
project unacceptably high costs on fishing communities [62]. These potential wel-
fare impacts present a challenge for conservation finance. Many practitioners have
followed the broader international community by making strong commitments to
improving environmental outcomes without jeopardizing social conditions. In the
Principles for Investment in Sustainable Wild-Caught Fisheries announced at the
World Ocean Summit 2018, the founding adopters call for both “sustainable man-
agement of targeted fisheries” and projects that “should not have a negative overall
impact on local communities food, nutrition, and livelihood security [28].” These
declarations echo the United Nations Sustainable Development Goals (SDGs) to
“restore fish stocks in the shortest time feasible” (Goal 14.4), while supporting
“inclusive and sustainable economic growth, employment, and decent work for all”

(Goal 8) [84].

Conservation finance can help to reconcile these objectives by supporting new
livelihoods for fishers that provide income without causing significant social or
cultural disruption. Some fishery improvement projects have proposed voluntary
fishing gear buy-back programs to compel fishers to exit the fishery [27,57]. Though
not always successful, conservation finance and related improvement projects have

worked to transition fishers to new industries such as aquaculture and ecotourism

[57,82].

The “shortest time feasible” described by the SDGs might imply a long-term
closure that would certainly have impacts on the livelihoods of coastal communi-
ties with few alternatives. The results of Intervention 3, however, indicate that

slower recovery strategies can be effective at generating significant financial returns
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without closing the fishery altogether. Although Intervention 3 still requires a re-
duction in fishing effort, the more moderate recovery can provide many important
benefits such as retaining expertise and malleable capital in the harvesting and
processing sectors, maintaining local seafood markets, and reducing the costs of
any alternative livelihood strategy [46]. Although the model indicates that Inter-
vention 2 is more efficient, Intervention 3 might be more realistic while providing

additional benefits not adequately captured by the model.

Partnerships and Capital Structure

The focus on management and alternative livelihood strategies in the context o
stoks that might take years to recover suggest that the success of conservation
finance will depend upon continued partnerships between private capital providers
and public entities, NGOs, and multilateral institutions. These organizations cur-
rently provide most of the technical support (operational assistance, monitoring,
training) as well much of the capital (philanthropic and concessionary) to facilitate
fisheries management reform. Private capital providers are not likely to assume
these roles. Instead, the private sector offers an additional source of capital that

can help to expand current fisheries reform efforts [85].

These partnerships will also be important as the conservation finance industry
seeks strategies to increase the scale of impact and capital provided. Currently,
conservation finance for fisheries has attracted relatively small, impact-focused,
specialized investment funds. In order to attract capital at a larger scale, conser-
vation finance strategies must be either scalable or easily replicable across different
fisheries [85]. Although investment in improvements to a fishery supply chain may

be easily replicable, fisheries management reform and alternative livelihood strate-
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gies are not. They are regionally specific and, as stated above, require assistance
and oversight from public entities, NGOs, or multilateral institutions. Thus, the
rate at which effective strategies for conservation finance for fisheries can expand

is limited by the resources of these organizations.

Biological characteristics might also become relevant to the allocation of cap-
ital. Low productivity fish stocks generate value much more slowly than do high
productivity stocks. It might, therefore, be easier to attract return-seeking capital
providers to highly productive fish stocks as they are able to produce significant
returns within a reasonable investment horizon. On the other hand, conservation
finance may be less suited to supporting interventions in slow-growing, collapsed
fisheries. In these cases, public entities, NGOs, and foundations are likely to con-
tinue to shoulder most of the financial costs associated with reform before they are

able to attract private capital.
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CHAPTER 6
CONCLUSION

The purpose of this paper is to analyze the challenges and opportunities facing
conservation finance to support sustainable fisheries. Illustrating the need for
new sources of capital to fund sustainable fisheries management, we identify three
strategies proposed by the conservation finance industry for generating value and
define appropriate measures for financial performance and triple-bottom line im-
pact. Using open access fisheries as motivating context, we simulate each inter-
vention using a bioeconomic model of a single-species fishery and evaluate the
performance and impact of each intervention at the end a relevant investment

period.

We find that strategies which do not reform fisheries management are able to
generate positive profits with a ten year present value of 0.676 times the gross value
of the fishery at open access while supporting a 10.9% increase in the number of
fishers operating. These gains, however, fail to restore the fish stock to sustainable
levels. Interventions which focus on management reform are able to generate profits
with a ten year present value between 1.1 and 2.1 times gross value at open access
while, in all cases, restoring the fish stock to sustainable levels. These strategies

require a 34% to 64% decrease in the number of vessels operating.

The model results suggest that some conservation finance strategies are effec-
tive at generating value as well as producing positive economic and environmental
outcomes; but effective fisheries governance is key to generating value and for sus-
tainable improvements in the conditions of the fishery. Conservation finance in
fisheries without effective governance face a perverse incentive in which short term

financial gains and increased employment can lead to further degradation of the
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fish stock. Our findings illustrate a broader tradeoff between environmental and
social goals present in conservation finance for open access fisheries: In order to
improve the health of the fish stock operating at open access, fishing effort must
be reduced. A key role for conservation finance will be to help support sustainable
and profitable alternative livelihoods for fishers displaced by conservation efforts.
Furthermore, financial returns are sensitive to stock productivity. This may be
an important barrier in matching conservation needs with return-seeking capital.
These results are the first attempt to use some of the conventional tools from fish-
eries economics to inform the development of the burgeoning conservation finance.
In identifying these key challenges, we hope to inform the agenda of the broader

sustainable development community.

Although a simple model can illustrate the most important dynamics in a
fishery, there are several areas where future research can build upon the current
analysis. The current model parameters illustrate a representative fishery, future
work could map these results onto existing fisheries to estimate the true value
of potential conservation finance deals. In addition, many of the interventions
proposed by the conservation finance industry focus on increasing market value
through investments in the seafood supply chain. The current model focuses only
on the harvesting sector and does not capture the value generated by these down-
stream firms. Future work should also focus on new ways to consider evaluate
triple-bottom line impacts. The simple measures used in this paper provide only
the most basic insights into the economic, environmental, and social conditions of
the fishery. A more nuanced view would greatly improve our understanding of the

opportunities and tradeoffs associated with conservation finance.
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APPENDIX A
MODEL SPECIFICATIONS

A.1 Open Access Dynamics and Equilibrium

We utilize a discrete-time model of a single fish stock that is exploited by homoge-
nous fishers over time (¢), where ¢ represents years. Over time, model dynamics
are determined by a range of endogenous variables (represented by English let-
ters) and exogenous parameters (Greek letters). All parameter values are defined
in Table (). The model will then determine the harvest and effort combination
that maximizes the discounted value of the net economic benefits associated with

harvesting activities.

The biological component of the model is built upon Schaefer’s model [71] for
logistic growth.
Xy
K
where o0 =growth rate, k =carrying capacity. This model generates the key bi-
ological dynamic of interest - density dependent growth. In each time period,
harvesting effort is applied to the fish stock. Assuming that the initial stock size

(Xi—o) is known, the model is advanced over time according to the following re-

cursive equation:

Xt+1 - Xt + F(Xt) - Y(Xt, Et) (A2)

where Y (X;) =harvest as a function of stock size and fishing effort (E;). Y (X})
serves as the production function for the fishery and assumes that catch-per-unit-

effort is proportional to stock size:
Y(Xt, Et) = ’YXtEt (Ag)
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where 7 is a constant parameter.

Following Anderson & Seijo [8], we disaggregate annual effort (E;) to the level
of individual vessels:

Et = 5Utft (A4)

where 0 = the number of days fished per year, v; = the number of vessels operating
in the fishery in year ¢, and f; = the amount of effort produced each day by each
vessel in year ¢. It is assumed that each vessel and vessel owner is identical face

the following annual cost function:
o =dlaf,+ B+ @ (A.5)

where o and [ are constants and ® represents the fixed costs of effort [16]. In
order to simulate economic decision making in the fishery, we also must assume
that vessel owners/operators are also seeking to maximize profit. The vessel-level
profit function is determined by transforming equation A.4 and subtracting the

annual cost function
NRy = poy X, fy — 6(afy + BfF) — @ (A.6)
where p = ex-vessel price.

Under open access (i.e. no management), there are no restrictions on the
operators except the technical limitations of the gear and the marginal costs of
fishing effort. The economic model will achieve an equilibrium when total revenue

is equal to total profit. Dropping the time subscripts for a moment, for £ > 0,

pyXE = cvE (A7)
X — U(é[aft ‘i‘pfft} +(I)) (AQ)
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This gives the combinations of effort and stock size that will produce an economic
equilibrium; but to fit the disaggregate model above, we also need to account for
the profit-maximizing behavior or individual vessels. In any given year, a profit

maximizing vessel will operate where marginal revenues are equal to marginal costs:
Py Xy = a+28f; (A.10)

Solving for the profit-maximizing level of daily effort,

py X — «
= A1l
=% (A1)

For positive parameter values, f* is an increasing function of stock size. It is
not reasonable to allow fishing capital be infinitely productive [8]. Therefore, we
assume that daily effort is bounded above at fy;4x and below by 0. Economic
theory suggests that, in the long run, a firm will eventually reach an equilibrium
where marginal revenue is equal to both the marginal cost and the minimum of
average cost of fishing. We can solve for the equilibrium daily fishing effort that
occurs at this point by setting equation A.10 equal to the average cost of fishing

in a given season:

o

a+2ﬁft:oz+ﬁft+f5 (A.12)
d
Jmin = 33 (A.13)

For an economic system to reach equilibrium, the total revenues must equal the
total costs. Substituting equation A.13 into A.12, the stock size at the open access

equilibrium is
@+ B fmin + ﬁ

Xoa = - (A.14)
Py
supporting vessels defined by
F(Xoa)
= -2~ A.15
YO S i Xon (&.19)

35



A final consideration for the model is the advancement of effort over time when
there is no management in place. We model vessel entry and exit decisions such

that changes in effort will be proportional to net returns per vessel:
Vi1 = Vg + ¢NRt <A16)

where ¢ =constant entry-exit parameter.

A.2 Maximum Sustainable Yield

We will derive the maximum sustainable yield using the aggregated model. A ‘sus-
tainable’ yield occurs when the current harvest rate equals to the natural growth

of the stock and can be maintained indefinitely.
Xt+1 - Xt = F(Xt) - Y(Xt7 Et) = O (A].?)

This relationship is a function of E;: there is a sustainable yield for any level of

aggregate fishing effort. Any sustainable yield must satisfy
Substituting in equations A.1 and A.3 and solving for X;:

X

X, =Fk— (WEt) (A.20)

Equation A.20 can then be substituted into A.3 to obtain a function for sustainable

yield as a function of effort:

Y, =vkE, (1 — 7—Et) (A.21)
o
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For a given k,v,0 > 0 and E < r/q, this relationship is smooth, differentiable,

and has a unique,non-zero maximum (Ypssy):

dY; 2Ev*k
K — _=

dE, o - 0 (A.22)
Solving for E and Y:
Eargy = % (A.23)
Yirsy = % (A.24)
And solving for stock size at MSY:
Xursy = g (A.25)

A.3 Optimal Input Constraints

In this model, utilized in both Interventions 2 and 3, total fishing effort is con-
strained by limiting the number of vessels that can participate in fishery. If the
total amount of effort in year ¢ is set exogenously, the number of vessels in the

fishery is now determined by
off

(A.26)

(%

The target total effort is determined by solving for the optimal by solving the
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following maximization problem:

T 1 t
e ) e

t=0

subject to X1 = X+ F(Xy) = Y(X, Ey), Ve T.

Ey

T of
0< E; < FEysy, VteT

(% ,VtET

(A.27)

Xo< Xy, VteT

Xo, Yo, v9 given
When the endogenous price premium is introduced in Intervention 3, the following
constraint is added to the optimization problem.

p X < Xusy

p(1+7) Xi> Xusy

Where X5y is the stock size at maximum sustainable yield (derived in Appendix

B) and 7 > 0.

A.4 Optimal Output Constraints

This model, used in interventions 2 and 3, considers the implementation of a sea-
sonal harvest constraint or Total Allowable Catch (TAC). The intuition is simple:
before the start of each fishing season, the TAC is determined based upon the
estimated stock size. Fishing proceeds throughout the season until the aggregate
catch reaches the TAC, after which, the fishery is closed for the remainder of the
season. Instead of remaining fixed, the length of the season is now an endogenous

variable in the model and is a function of stock size and the number of vessels.
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The number of vessels is determined before the start of the season and remains

fixed through the season according to
YTAC
Ve = ! ”
YOX ¢ f

(A.29)

If we assume that each vessel is operating at a profit maximizing level of effort,
then, we can solve for the length of the season d; (the length of the season is now

endogenous):
}/tTAC'

di = ——
' vy X f*

(A.30)

The season length now becomes becomes endogenous to the system. The TAC for
each year (Y;74Y) can now be determined through by the following optimization

problem:

T 1 t
a3 () e

t=0
subject to X, = X, + F(X,) = YT X, E), YVt T.
YtTAC

B VOXff
y;rAc (A.31)

B vy X ff

(%
dy

0 <Y <Yygy, VteT
Xo< Xy, VteT
Xo, Yo, vy given
When the price premium is introduced to the system, the following constraint is

added to the optimization problem.

p Xt < XMSY
P = (A.32)

p(1+7) X > Xusy

Where X6y, the stock size at maximum sustainable yield, is defined in Appendix

2 and 7 > 0.
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A.5 Dedicated Access Permits

There are a few key differences between a simple output constraint and transferable
quotas. Unlike the output constraints described in the previous section, we assume
that each permit operator is guaranteed a share of the harvest. This eliminates
the "race’ to fish and allows us to reset the season length as an exogenous variable.
The number of vessels that can be supported at a given level of harvest is therefore

determined by:
}/tDAP

=t A.33
VOX¢ frnin ( )

(%

We now assume that the profit maximizing daily effort decision, fP47, now

corresponds to the minimum of the average total costs. The quota system com-
pels fishers to operate at the minimum of the average total costs (assuming zero

transaction costs)

T 1 t
pary 2 (1 + Z> A

t=0
subject to Xy = Xy + F(X,) - YPAP (X, E), VteT.
YDAP
V¢ = S S

(A.34)
0 <Y < Yyey

ft:fmitheT
Xo< X, VteT

X, Yo, v given
When the price premium is introduced to the system, the following constraint is

added to the optimization problem.
P Xt < Xusy
P = (A.35)
p(1+7) Xi > Xusy
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APPENDIX B
SENSITIVITY ANALYSIS

Stock Productivity: o

Table B.1: Sensitivity of Financial/Economic Outcomes (o)

o=0.05 o=0.10 o=0.30 o =0.50

Intervention 1: Increase in Post-Harvest Value

Open Access 1.411 1.036 0.676 0.588
Intervention 2: Optimal Management Reform

Input 0.000 0.000 1.904 3.324
Output 0.000 0.000 1.571 3.120
DAPS 0.000 0.522 2.150 3.442

Intervention 3: Gradual Reform with Endogenous Price

Input 0.261 0.497 1.671 2.708
Output 0.131 0.262 1.156 2.339
DAPS 0.168 0.524 1.875 2.687

Table B.2: Sensitivity of Environmental Outcomes (o)

o =0.05 o =0.10 o =0.30 o = 0.50

Intervention 1: Increase in Post-Harvest Value
Open Access 0.438 0.443 0.461 0.479

Intervention 2: Optimal Management Reform

Input 0.789 1.007 1.236 1.492
Output 0.789 1.007 1.268 1.255
DAPS 0.789 0.933 1.240 1.548

Intervention 3: Gradual Reform with Endogenous Price

Input 0.686 0.783 1.100 1.535
Output 0.682 0.775 1.080 1.226
DAPS 0.663 0.775 1.068 1.423

41



Table B.3: Sensitivity of Social Outcomes (o)

o=0.05 o=0.10 o=0.30 o =0.50

Intervention 1: Increase in Post-Harvest Value
Open Access 2.081 1.46 1.109 1.057

Intervention 2: Optimal Management Reform

Input 0.000 0.000 0.357 0.214
Output 0.000 0.000 0.538 0.534
DAPS 0.000 0.470 0.581 0.598

Intervention 3: Gradual Reform with Endogenous Price

Input 0.415 0.354 0.313 0.207
Output 0.500 0.500 0.500 0.547
DAPS 0.501 0.500 0.639 0.627

Price Premia: 6, 7

Table B.4: Sensitivity of Financial Outcomes (6)

0 =10% 0 = 25% 0 = 50% 0 = 100%

Intervention 1: Increase in Post-Harvest Value
Open Access 0.372 0.676 1.537 -0.263

Table B.5: Sensitivity of Environmental Outcomes (0)

0 =10% 0 = 25% 0 = 50% 0 = 100%

Intervention 1: Increase in Post-Harvest Value
Open Access 0.534 0.461 0.381 0.262
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Table B.6: Sensitivity of Social Outcomes (6)

0 =10% 0 = 25% 6 = 50% 6 = 100%

Intervention 1: Increase in Post-Harvest Value
Open Access 1.047 1.109 1.201 1.424

Table B.7: Sensitivity of Financial Outcomes (7)
T =8% T =18% T =28% T = 38%

Intervention 3: Gradual Reform with Endogenous Price

Input 1.511 1.671 1.832 1.992
Output 0.979 1.156 1.187 1.290
DAPS  1.567 1.875 1.885 2.097

Table B.8: Sensitivity of Environmental Outcomes (1)
T =8% 7 =18% 7 =28% 7 =38%

Intervention 3: Gradual Reform with Endogenous Price

Input 1.100 1.100 1.100 1.100
Output 1.080 1.080 1.080 1.080
DAPS  1.080 1.080 1.080 1.055

Table B.9: Sensitivity of Social Outcomes ()
T =8% T =18% T =28% T = 38%

Intervention 3: Gradual Reform with Endogenous Price

Input 0.313 0.313 0.313 0.313
Output 0.500 0.500 0.500 0.500
DAPS  0.500 0.527 0.639 0.666

43



[10]

BIBLIOGRAPHY

Joshua Abbott, James L. Anderson, Liam Campling, Rognvaldur Hannesson,
Elizabeth Havice, M. Susan Lozier, Martin D. Smith, and Michael J. Wilberg.
Steering the Global Partnership for Oceans. Marine Resource Economics,
29(1):1-16, 2014.

Juan J. Agar and John G. Sutinen. Rebuilding Strategies for Multispecies
Fisheries: A Stylized Bioeconomic Model. Environmental and Resource Eco-
nomics, 28(1):1-29, 2004.

Edward H. Allison and Frank Ellis. The livelihoods approach and management
of small-scale fisheries. Marine Policy, 25(5):377-388, 2001.

Althelia Ecosphere. ESG Principles and Policy. Technical report, 2016.

James L. Anderson. The International Seafood Trade. CRC Press, Boca Raton
[Fla.], 2003.

James L. Anderson, Christopher M. Anderson, Jingjie Chu, Jennifer Mered-
ith, Frank Asche, Gil Sylvia, Martin D. Smith, Dessy Anggraeni, Robert
Arthur, Atle Guttormsen, Jessica K. McCluney, Tim Ward, Wisdom Ak-
palu, Hakan Eggert, Jimely Flores, Matthew A. Freeman, Daniel S. Holland,
Gunnar Knapp, Mimako Kobayashi, Sherry Larkin, Kari MacLauchlin, Kurt
Schnier, Mark Soboil, Sighjorn Tveteras, Hirotsugu Uchida, and Diego Valder-
rama. The Fishery Performance Indicators: A Management Tool for Triple
Bottom Line Outcomes. PLoS One, 10(5):e0122809, may 2015.

Lee G. Anderson. The Effects of ITQ Implementation: A Dynamic Approach.
Natural Resource Modeling, 13(4):435-470, dec 2000.

Lee G. Anderson and Juan Carlos Seijo. Bioeconomics of Fisheries Manage-
ment. Wiley-Blackwell, Ames, Towa, 1st edition, 2010.

Neil L. Andrew, Christophe Béne, Stephen J. Hall, Edward H. Allison, Simon
Heck, and Blake D. Ratner. Diagnosis and management of small-scale fisheries
in developing countries. Fish and Fisheries, 8(3):227-240, sep 2007.

Frank Asche, Thomas A. Larsen, Martin D. Smith, Geir Sogn-Grundvag, and
James A. Young. Pricing of eco-labels with retailer heterogeneity. Food Policy,
53:82-93, 2015.

44



[11]

[12]

[13]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Anna M. Birkenbach, David J. Kaczan, and Martin D. Smith. Catch shares
slow the race to fish. Nature, 544:223, apr 2017.

Trond Bjorndal and Jon M. Conrad. The Dynamics of an Open Access Fish-
ery. The Canadian Journal of Economics / Revue canadienne d’Economique,

20(1):74-85, 1987.

Melissa Bos, Robert L. Pressey, and Natalie Stoeckl. Marine conservation
finance: The need for and scope of an emerging field. Ocean € Coastal Man-
agement, 114:116-128, sep 2015.

Gardner Brown and Jonathan Roughgarden. A metapopulation model with
private property and a common pool. Ecological Economics, 22(1):65-71,
1997.

California Environmental Associates. Our Shared Seas: A 2017 Overview of
Ocean Threats and Conservation Funding. Technical report, 2017.

Colin W. Clark. Mathematical Bioeconomics. Wiley, New York, 2nd ed.
edition, 1990.

Colin W. Clark. Fisheries bioeconomics: why is it so widely misunderstood?
Population Ecology, 48(2):95-98, 2006.

Colin W. Clark and Gordon R. Munro. The economics of fishing and modern
capital theory: A simplified approach. Journal of Environmental Economics
and Management, 2(2):92-106, 1975.

Colin W. Clark, Gordon R. Munro, and Ussif Rashid Sumaila. Subsidies,
buybacks, and sustainable fisheries. Journal of Environmental Economics
and Management, 50(1):47-58, 2005.

Jon M. Conrad. The Bioeconomics of Marine Sanctuaries. Journal of Bioe-
conomics, 1(2):205-217, 1999.

Christopher Costello, Daniel Ovando, Tyler Clavelle, C. Kent Strauss, Ray
Hilborn, Michael C. Melnychuk, Trevor A. Branch, Steven D. Gaines, Cody S.
Szuwalski, Reniel B. Cabral, Douglas N. Rader, and Amanda Leland. Global
fishery prospects under contrasting management regimes. Proceedings of the
National Academy of Sciences, 113(18):5125-5129, 2016.

Christopher Costello, Daniel Ovando, Ray Hilborn, Steven D. Gaines, Olivier

45



[23]

[25]

[20]

[27]

28]

[29]

[30]

[31]

[32]

[33]

Deschenes, and Sarah E. Lester. Status and Solutions for the World’s
Unassessed Fisheries. Science, 338(6106):517-520, 2012.

Christopher Costello and Stephen Polasky. Optimal harvesting of stochastic
spatial resources. Journal of Environmental Economics and Management,
56(1):1-18, 2008.

Robin. W. D. Davies, Simon. J. Cripps, Amanda. Nickson, and Gareth.
Porter. Defining and estimating global marine fisheries bycatch. Marine Pol-
icy, 33(4):661-672, 2009.

Etienne de Malherbe. Modeling private equity funds and private equity col-
lateralized fund obligations. International Journal of Theoretical and Applied
Finance, 7(3):193-230, 2004.

Thomas Dietz, Elinor Ostrom, and Paul C Stern. The Struggle to Govern the
Commons. Science, 302(5652):1907 LP — 1912, dec 2003.

Encourage Capital. Vibrant Oceans - Impact Investing Strategies to Protect
and Restore our Oceans-. Technical report, 2015.

Environmental Defense Fund, Rare/Meloy Fund, and Encourage Capital.
Principles for Investment in Sustainable Wild-Caught Fisheries. Technical
report, 2018.

FAO. The State of World Fisheries and Aquaculture: Contributing to Food
Security and Nutrition for all. Technical report, Rome, 2016.

H. Scott Gordon. The Economic Theory of a Common-Property Resource:
The Fishery. Journal of Political Economy, 62:124-142, 1954.

Alexis T. Gutiérrez and Sian Morgan. Impediments to fisheries sustainability
Coordination between public and private fisheries governance systems. Ocean
and Coastal Management, 135:79-92, 2017.

Nicolés L. Gutiérrez, Ray Hilborn, and Omar Defeo. Leadership, social capital
and incentives promote successful fisheries. Nature, 470(7334):386-389, 2011.

Benjamin S. Halpern, Carissa J. Klein, Christopher J. Brown, Maria Beger,
Hedley S. Grantham, Sangeeta Mangubhai, Mary Ruckelshaus, Vivitskaia J.
Tulloch, Matt Watts, Crow White, and Hugh P. Possingham. Achieving the

46



[40]

[41]

[42]

triple bottom line in the face of inherent trade-offs among social equity, eco-
nomic return, and conservation. Proceedings of the National Academy of Sci-
ences, 110(15):6229 LP — 6234, apr 2013.

Kelley Hamrick. State of Private Investment in Conservation 2016: A Land-
scape Assessment of an Emerging Market. Technical report, Forest Trends’
Ecosystem Marketplace, 2016.

Jennie M. Harrington, Ransom A. Myers, and Andrew A. Rosenberg. Wasted
fishery resources: discarded by-catch in the USA. Fish and Fisheries,
6(4):350-361, dec 2005.

Jan Geert Hiddink, Simon Jennings, Marija Sciberras, Claire L. Szostek,
Kathryn M. Hughes, Nick Ellis, Adriaan D. Rijnsdorp, Robert A. Mc-
Connaughey, Tessa Mazor, Ray Hilborn, Jeremy S. Collie, C Roland Pitcher,
Ricardo O. Amoroso, Ana M. Parma, Petri Suuronen, and Michel J. Kaiser.
Global analysis of depletion and recovery of seabed biota after bottom trawling
disturbance. Proceedings of the National Academy of Sciences, 114(31):8301
LP — 8306, aug 2017.

Ray Hilborn and Christopher Costello. The potential for blue growth in ma-
rine fish yield, profit and abundance of fish in the ocean. Marine Policy,
87:350-355, 2018.

Ray Hilborn and Daniel Ovando. Reflections on the success of traditional
fisheries management. ICES Journal of Marine Science, 71(5):1040-1046,
aug 2014.

Lucy Holmes, C. Kent Strauss, Klaas de Vos, and Kate Bonzon. Towards
investmeent in sustainable fisheries: A framework for financing the transition.
Technical report, Environmental Defense Fund and The Prince of Wales’s
International Sustainability Unit, 2014.

Frances R. Homans and James E. Wilen. A Model of Regulated Open Ac-
cess Resource Use. Journal of Environmental Economics and Management,
32(1):1-21, 1997.

Frances R. Homans and James E. Wilen. Markets and rent dissipation in
regulated open access fisheries. Journal of Environmental Economics and
Management, 49(2):381-404, 2005.

Fabian Huwyler, Jirg Kappeli, Katharina Serafimova, Eric Swanson, and
John Tobin. Conservation Finance: Moving beyond donor funding toward an

47



[43]

[44]

[45]

[46]

[47]

[48]

investor-driven approach. Technical report, Credit Suisse AG, World Wildlife
Fund, McKinsey & Co., 2014.

Fabian Huwyler, Jiirg Kappeli, and John Tobin. Conservation Finance from
Niche to Mainstream: The Building of an Institutional Asset Class. Techni-
cal report, Credit Suisse Group AG and McKinsey Center for Business and
Environment, 2016.

Jeremy B. C. Jackson, Michael X. Kirby, Wolfgang H. Berger, Karen A. Bjorn-
dal, Louis W. Botsford, Bruce J. Bourque, Roger H. Bradbury, Richard Cooke,
Jon Erlandson, James A Estes, Terence P. Hughes, Susan Kidwell, Carina B.
Lange, Hunter S. Lenihan, John M. Pandolfi, Charles H. Peterson, Robert S.
Steneck, Mia J. Tegner, and Robert R. Warner. Historical Overfishing and the
Recent Collapse of Coastal Ecosystems. Science, 293(5530):629-638, 2001.

James E. Kirkley, Dale Squires, Mohammad Ferdous Alam, and Haji Omar
Ishak. Excess Capacity and Asymmetric Information in Developing Country
Fisheries: The Malaysian Purse Seine Fishery. American Journal of Agricul-
tural Economics, 85(3):647-662, 2003.

Sherry L. Larkin, Sergio Alvarez, Gil Sylvia, and Michael Harte. Practi-
cal Considerations in Using Bioeconomic Modeling for Rebuilding Fisheries.
OFECD Food, Agriculture, and Fisheries Papers, 38, 2011.

Sherry L. Larkin, Gil Sylvia, Michael Harte, and Kathryn Quigley. Optimal
rebuilding of fish stocks in different nations: bioeconomic lessons for regula-
tors. Marine Resource Economics, 21:395+, may 2006.

Sarah E Lester, Benjamin S Halpern, Kirsten Grorud-Colvert, Jane
Lubchenco, Benjamin I Ruttenberg, Steven D Gaines, Satie Airamé, and
Robert R Warner. Biological effects within no-take marine reserves: a global
synthesis. Marine Ecology Progress Series, 384:33—46, 2009.

Le Kim Long, Ola Flaaten, and Nguyen Thi Kim Anh. Economic performance
of open-access offshore fisheriesThe case of Vietnamese longliners in the South
China Sea. Fisheries Research, 93(3):296-304, 2008.

Heike K. Lotze, Hunter S. Lenihan, Bruce J. Bourque, Roger H. Bradbury,
Richard G. Cooke, Matthew C. Kay, Susan M. Kidwell, Michael X. Kirby,
Charles H. Peterson, and Jeremy B. C. Jackson. Depletion, Degradation, and
Recovery Potential of Estuaries and Coastal Seas. Science, 312(5781):1806—
1809, 2006.

48



[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Dale T. Manning, J. Edward Taylor, and James E. Wilen. Market integration
and natural resource use in developing countries: A linked agrarian-resource

economy in Northern Honduras. Environment and Development Economics,
19(2):133-155, 2014.

Manta Consulting. Financing Fisheries Change: Learning From Case Studies.
Technical report, 2011.

Robert M. May, John R. Beddington, Colin W. Clark, Sidney J. Holt,
and Richard M. Laws. Management of Multispecies Fisheries. Science,
205(4403):267-277, 1979.

Tim McClanahan, Edward H. Allison, and Joshua E. Cinner. Managing fish-
eries for human and food security. Fish and Fisheries, 16(1):78-103, may
2013.

John. A. Musick. Criteri to Define Extinction Risk in Marine Fishes: The
American Fisheries Society Initiative. Fisheries, 24(12):6-14, 1999.

NatureVest and EKO Asset Management Partners. Investing in Conservation:
A landscape assessment of an emerging market. Technical report, EKO Asset
Management Partners and The Nature Conservancy, 2014.

Eduard Niesten and Heidi Gjertsen. Economic Incentives for Marine Con-
servation. Technical report, Science and Knowledge Division, Conservation
International, Arlington, Virginia, USA, 2010.

Daniel Pauly. Some simple methods for the assesment of tropical fish stocks.
FAQO Fisheries Technical Paper, 234:52, 1983.

Daniel Pauly, Reg Watson, and Jackie Alder. Global trends in world fisheries:
impacts on marine ecosystems and food security , 2005.

Daniel Pauly and Dirk Zeller. Comments on FAOs State of World Fisheries
and Aquaculture (SOFIA 2016). Marine Policy, 77:176-181, 2017.

Tom Polacheck. Year Round Closed Areas as a Management Tool. Natural
Resource Modeling, 4:327-354, 1990.

Robert Pomeroy, Alice Joan Ferrer, and Joey Pedrajas. An analysis of liveli-

hood projects and programs for fishing communities in the Philippines. Marine
Policy, 81:250-255, 2017.

49



[63]

[64]

[65]

[67]

[70]

[71]

[72]

Pere Puig, Miquel Canals, Joan B. Company, Jacobo Martin, David Amblas,
Galderic Lastras, Albert Palanques, and Antoni M. Calafat. Ploughing the
deep sea floor. Nature, 489:286, sep 2012.

Antonio Pusceddu, Silvia Bianchelli, Jacobo Martin, Pere Puig, Albert Palan-
ques, Pere Masqué, and Roberto Danovaro. Chronic and intensive bottom
trawling impairs deep-sea biodiversity and ecosystem functioning. Proceed-
ings of the National Academy of Sciences, 111(24):8861 LP — 8866, jun 2014.

Robert W. Rangeley and Robin W.D. Davies. Raising the ”Sunken Billions”:
Financing the transition to sustainable fisheries. Marine Policy, 36(5):1044—
1046, sep 2012.

William J Reed. Optimal escapement levels in stochastic and deterministic
harvesting models. Journal of Environmental Economics and Management,

6(4):350-363, 1979.

Cathy A. Roheim, Asche Frank, and Santos Julie Insignares. The Elusive
Price Premium for Ecolabelled Products: Evidence from Seafood in the UK
Market. Journal of Agricultural Economics, 62(3):655—668, may 2011.

Yvonne Sadovy. Trouble on the reef: the imperative for managing vulnerable
and valuable fisheries. Fish and Fisheries, 6(3):167-185, sep 2005.

Gabriel S. Sampson, James N. Sanchirico, Cathy A. Roheim, Simon R.
Bush, J .Edward Taylor, Edward H. Allison, James L. Anderson, Natalie C.
Ban, Rod Fujita, Stacy Jupiter, and Jono R. Wilson. Sustainability. Secure
sustainable seafood from developing countries. Science (New York, N.Y.),
348(6234):504-506, 2015.

James N. Sanchirico and James E. Wilen. Bioeconomics of Spatial Exploita-
tion in a Patchy Environment. Journal of Environmental Economics and
Management, 37(2):129-150, 1999.

Milner B. Schaefer. Some Considerations of Population Dynamics and Eco-
nomics in Relation to the Management of the Commercial Marine Fisheries.
Journal of the Fisheries Research Board of Canada, 14(5):669-681, may 1957.

Elizabeth R. Selig, Kristin M. Kleisner, Oren Ahoobim, Freddy Arocha,
Annabelle Cruz-Trinidad, Rod Fujita, Mafaniso Hara, Laure Katz, Patrick
McConney, Blake D Ratner, Lina M. Saavedra-Diaz, Anne-Maree Schwarz,

20



[79]

[80]

[31]

Djiga Thiao, Elin Torell, Sebastian Troéng, and Sebastian Villasante. A ty-
pology of fisheries management tools: using experience to catalyse greater
success. Fish and Fisheries, 18(3):543-570, may 2017.

Suresh A. Sethi. Risk management for fisheries. Fish and Fisheries, 11(4):341—
365, dec 2010.

Martin D. Smith, Cathy A. Roheim, Larry B. Crowder, Benjamin S. Halpern,
Mary. Turnipseed, James L. Anderson, Frank Asche, Luis Bourillon, Atle G
Guttormsen, Ahmed Khan, Lisa A. Liguori, Aaron McNevin, Mary I.
O’Connor, Dale Squires, Peter Tyedmers, Carrie Brownstein, Kristin Carden,
Dane H. Klinger, Raphael Sagarin, and Kimberly A. Selkoe. Sustainability
and Global Seafood. Science, 327(5967):784-786, 2010.

Martin D. Smith, James N. Sanchirico, and James E. Wilen. The economics
of spatial-dynamic processes: Applications to renewable resources. Journal of
Environmental Economics and Management, 57(1):104-121, 2009.

Vernon L Smith. Economics of Production from Natural Resources. The
American Economic Review, 58(3):409-431, 1968.

Adam Stemle, Hirotsugu Uchida, and Cathy A. Roheim. Have dockside prices
improved after MSC certification? analysis of multiple fisheries. Fisheries
Research, 182:116-123, 2016.

Jim Stephenson, Jon Williams, Roberta Iley, Marine-Justine Labelle, and
Yasomie Ranasinghe. Conservation Investment Blueprints: A Development
Guide. Technical report, Coalition for Private Investment in Conservation,
2018.

U Rashid Sumaila, Vicky Lam, Frédéric Le Manach, Wilf Swartz, and Daniel
Pauly. Global fisheries subsidies: An updated estimate. Marine Policy,
69:189-193, 2016.

Ussif Rashid Sumaila, William Cheung, Andrew Dyck, Kamal Gueye, Ling
Huang, Vicky Lam, Daniel Pauly, Thara Srinivasan, Wilf Swartz, Reginald
Watson, and Dirk Zeller. Benefits of Rebuilding Global Marine Fisheries
Outweigh Costs. PLOS ONE, 7(7):1-12, 2012.

Louise S. L. Teh, Lydia C. L. Teh, and Ussif Rashid Sumaila. Time preference
of small-scale fishers in open access and traditionally managed reef fisheries.
Marine Policy, 44:222-231, 2014.

o1



[82]

[33]

[36]

[87]

[88]

[92]

The Meloy Fund. The Meloy Fund Environmental and Social Guidelines: A
Blueprint for Fisheries Impact Investing. Technical report, 2017.

Sigbjorn Tveteras, Frank Asche, Marc F. Bellemare, Martin D. Smith, Atle G.
Guttormsen, Audun Lem, Kristin Lien, and Stefania Vannuccini. Fish Is Food
- The FAO’s Fish Price Index. PLoS One, 7(5):1-10, may 2012.

United Nations. Transforming our World: the 2030 Agenda for Sustainable
Development. Technical report, 2015.

John Virdin, Klaas de Vos, Phoebe Higgins, Jake Hiller, Namarita Kapur,
and Tim Fitzgerald. Financing fisheries reform: blended capital approaches in
support of sustainable wild-capture fisheries. Technical report, Environmental

Defense Fund and Nicholas Institute for Environmental Policy Solutions at
Duke University, 2018.

Reg Watson, William Cheung, Jonathan A. Anticamara, Ussif Rashid
Sumaila, Dirk Zeller, and Dirk Pauly. Global marine yield halved as fish-
ing intensity redoubles. Fish and Fisheries, 14(4):493-503, jun 2012.

James E. Wilen. The Challenges of Pro-Poor Fisheries Reform. Marine Re-
source Economics, 28(3):203-220, sep 2013.

World Bank. Fish to 2030: Prospects for Fisheries and Aquaculture. Technical
report, 2013.

World Bank. The Sunken Billions Revisisted: Progress and Challenges in
Global Marine Fisheries, Environment and Development. World Bank, Wash-
ington, D.C., 2017.

World Wildlife Fund. Guide to Conservation Finance: Sustainable Financing
for the Planet. Technical report, Washington, D.C., 2009.

Boris Worm, Ray Hilborn, Julia K. Baum, Trevor A. Branch, Jeremy S. Col-
lie, Christopher Costello, Michael J. Fogarty, Elizabeth A. Fulton, Jeffrey A.
Hutchings, Simon Jennings, Olaf P. Jensen, Heike K. Lotze, Pamela M. Mace,
Tim R. McClanahan, Coilin Minto, Stephen R. Palumbi, Ana M. Parma,
Daniel Ricard, Andrew A. Rosenberg, Reg Watson, and Dirk Zeller. Rebuild-
ing Global Fisheries. Science, 325(5940):578-585, 2009.

Yimin Ye, Kevern Cochrane, Gabriella Bianchi, Rolf Willmann, Jacek Ma-
jkowski, Merete Tandstad, and Fabio Carocci. Rebuilding global fisheries:

52



the World Summit Goal, costs and benefits. Fish and Fisheries, 14(2):174—
185, 2013.

93



