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Abstract

It has long been recognized that lack of property rights can lead to overexploitation of common

pool resources, such as ocean fisheries. While standard economic theory predicts a positive effect of

property rights on ecological outcomes, the empirical evidence is less clear. A critical limitation of

previous studies is that they largely fail to address the inherent endogeneity problem of policy im-

plementation, making it difficult to make any causal inference between the regulatory regime and the

state of the environment. In this study we address the issue of reverse causality and omitted variable

bias by employing a novel instrumental variable strategy. By combining data on ecological, economic

and institutional characteristics into a panel data set, spanning over 50 years, 180 exclusive economic

zones and 1000 species, we empirically estimate the effect of introducing property rights on ecological

outcomes. The results from the IV-DiD estimation suggest that property rights lower the probability

of a fish stock collapsing, corroborating earlier findings by Costello et al. (2008). Furthermore, we

extend on the previous literature by exploring how the effect of property rights depend on ownership

risk, enforcement capabilities, the level trust in society, trade openness and the intrinsic growth rate of

the resource.

Keywords: common pool resource, tragedy of the commons, private property rights, endogenous

institutions, instrumental variable, overexploitation, fish stocks

JEL codes: C26, Q22, Q28

1 Introduction

The misguided incentive for individuals to overexploit common pool resources (CPR) is a well-known

phenomenon, giving rise to the tragedy of the commons, where the resource and potential rents are depleted

(Stavins, 2011). Manifestations of the tragedy are found in natural resources like forests, rivers, and

pasture lands, as well as the global atmosphere in terms of accumulation of greenhouse gases. Of all
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renewable resources, ocean fisheries are probably the most depressing example of the ill consequences

of a common pool resource that is left to open access (Wilen, 2000). Due to their vast size, marine

ecosystems are particularly prone to overexploitation, as it is very difficult to restrict access and monitor

harvesting activities. Also, due to the mobility of the resource units, individuals who restrain harvesting

efforts will not necessarily be the ones who reap the benefits in the future (Ostrom, 2009; Schlager et al.,

1994). This implies that it will be very difficult for local communities to manage the resource without any

formal governmental involvement.

A prominent way of overcoming the problems pervasive in common pool resources has been to as-

sign private property rights (PPR) (Coase, 1960). In fisheries, this is typically achieved with a system of

tradable transferable quotas, which assigns a tradable right to harvest a certain share of the total allow-

able catch (TAC) to the quota holder (Grafton, 2000; Hannesson, 2004). By establishing ownership to the

resource upon capture, a tradable quota system is predicted to mitigate the problem of overcapacity, mani-

fested by a ”race for fish”, leading to increased efficiency. This theoretical prediction also finds significant

support in the empirical literature (Thebaud et al., 2012; Grainger and Parker, 2013; Abbott et al., 2010;

Newell et al., 2005; Grafton, 2000). However, as quota systems are primarily designed to achieve eco-

nomic efficiency, their effect on ecological outcomes is less clear. Quota systems could for instance create

additional market failures, like an increased incentive to discard (Arnason, 2012), while consolidation of

the fleet combined with a stronger focus on market mechanisms could potentially crowd out more infor-

mal arrangements. Empirical evidence of how PPR affect ecological outcomes are quite sparse, but there

are some notable exceptions trying to fill this gap (see e.g. Costello et al., 2010; van Putten et al., 2014;

Bromley, 2009; Grainger and Parker, 2013; Wilen, 1988; Libecap, 2009; Hersoug, 2005; Essington, 2010;

Melnychuk et al., 2012). Still, a shortcoming of many existing studies is that they pay little attention to

the endogenity problem. As a consequence, the findings might merely reflect correlations and/or potential

feedback effects from the environment to the regulatory regime.

In this paper we investigate the effect of introducing private property rights on ecological outcomes

by exploiting a data set on global fisheries. By combining data on ecological, economic and institutional

characteristics into a panel data for the years 1956-2006 we empirically estimate the effect of private

property rights on the probability of a fish stock collapsing. Our approach contributes to the literature on

common pool resources and private property rights in at least three aspects. First, our study is one of few

global studies on private property rights and ecological outcomes, covering over 180 exclusive economic

zones (EEZs) and 1000 species over a 50 year period.

Second, we mitigate the inherent endogenity problem of policy implementation by employing a (novel)

instrumental variable strategy. The instrument we propose is the implementation of tradable quota systems

in other environmental domains, like forest, land, water and pollution. We hypothesize that implementa-

tion of tradable quota systems in other domains partly reflect an underlying preference for marked-based

solutions to deal with common pool resources, and in particular a preference towards assigning private

property rights. By exploiting variation in an instrumental variable, as well as including several time-

varying control variables, we are able to mitigate the problem of reverse causality and unobserved char-

acteristics driving the results. While studies on other CPR have successfully employed an IV strategy to

estimate a causal relationship between PPR and overexploitation (Liscow, 2013; Aichele and Felbermayr,
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2012), we are, as far as we are aware of, the first global study to employ an IV strategy to estimate a causal

effect of private property rights on overexploitation of marine resources.

Third, the effect of an implemented policy might interact with different country characteristics, like

enforcement capabilities, ownership risk and the level of trust in society. In countries with limited human

and financial resources to restrict access and monitor defectors, or uncertain ownership rights, a tradable

quota system might de facto resemble an open access regime (Grafton, 2000; Fischer and Laxminarayan,

2010; Grainger and Costello, 2011; Chichilnisky, 1994; Costello and Grainger, 2014). While a firm may

decide to overexploit a resource if property rights are not secure (Long, 1975), insecure property rights

may also discourage a firm from making the necessary investments in the first place, potentially leading to

underexploitation (Laurent-Lucchetti and Santugini, 2012). Empirically, the ambiguous nature of property

rights on exploitation have been established by Bohn and Deacon (2000). Further, low-trust countries

might have more problems securing compliance, potentially making the policy less effective.

Fourth, our study adds to the literature arguing that property rights are not static, but natural resources

and property rights mutually influence each other in a co-evolutionary process (Demsetz, 1967; Bowles,

2009; Field, 1989; Copeland and Taylor, 2009). In particular, our findings touch upon the very funda-

mental question why some countries have crafted successful governance regimes, while others seem to be

trapped in a situation of open access.

Based on a coupled IV and difference-in-difference (DiD) estimation we find that private property

rights have a positive effect on ecological outcomes by preventing collapse in the fish stock. Further, we

find that the IV estimates show a stronger effect of PPR than the fixed effects (FE) estimator, suggest-

ing that failure to address the endogeneity problem might underestimate the effect of the policy. Further,

having a high level of trust increases the effect of the policy, while countries with strong property rights

protection and high enforcement capabilities benefit less from the policy. While the latter finding is some-

what puzzling, we try to provide some potential explanations towards the end of the paper.

2 The (complicated) relationship between property rights and ecosystem
sustainability

Many fisheries around the world are managed as common pool resources with (close to) open-access

(Clark, 2006). However, in the last decades we have seen a policy shift towards rights-based management

in many regions of the world (Costello et al., 2010). Among the different types of property rights we find

individual quotas (IQ), individual transferable quotas (ITQs), individual vessel quotas (IVQ), territorial

user rights (TURFS) and fisheries cooperatives. Implementing a quota system requires that somebody has

the authority to set and enforce limits on the total catch, something the 200-mile exclusive economic zone

(EEZ) to a larger degree made possible.1

Standard economic theory predicts that with open access the rival and non-excludable characteris-

1The concept of EEZs was endorsed by the UN Law of the Sea Conference in the 1970s. An EEZ usually stretches 200
nautical miles from the coast, and defines the area where a state has special rights over the exploration and use of marine
resources - as well as other types of resources, like oil and gas. Many coastal countries around the world, although not all,
established such zones in the latter part of the 1970s (Hannesson, 2007).
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tics of the marine resource will lead to a race to the bottom, where stocks are over-harvested and rents are

depleted. Even in cases where there are certain harvest limitations, such as temporal, spatial, or technolog-

ical restrictions, rents may still be dissipated by excessive capital investment, redundant effort, inefficient

timing, etc. (Smith, 2012). The introduction of private property rights, in the form of quota systems,

are predicted to mitigate the tragedy of the commons by overcoming the ”race for fish”. However, it is

important to note that right based management, like different quota systems, are not primarily tools for

conservation and rebuilding stocks, but to achieve economic efficiency. Obviously, the fate of a fish popu-

lation depends primarily on the size of the total allowable catch (TAC) and what is controlled by the TAC.

In most real systems, a TAC is simply given in volume of biomass, effectively ignoring the age compo-

sition, the spatial structure, and many other dimensions that need to be controlled to achieve a first-best

outcome (Smith, 2012).

The political economy is a potential channel through which a tradable quota system may lead to a

lower TAC, as formalized by Grainger and Costello (2014). The idea is that by providing ownership of

the resource to users, tradable quotas may create an incentive to lobby for long-term sustainable use of the

resource as this will be reflected in the value of the quota that is hold by a quota owner. In a similar vein,

tradable quotas may provide incentives to be a good steward, for example by avoiding destructive ways of

fishing or reporting misconduct of peers (van Putten et al., 2014). The problem with this line of reasoning

is that stewardship is a public good that benefits all fishers, while the costs of doing so are private. It is

certainly possible that quota owners coordinate towards a cooperative equilibrium, where each individual

acts in a way to maximize joint benefits, but private property rights are neither sufficient, nor necessary

for the emergence of cooperative behavior (Ostrom, 2008).

While it is certainly plausible that individual quotas could induce a sense of ownership, it is also

possible that market mechanisms actually destroy stewardship motives as suggested by the crowding out

theory (Frey and Jegen, 2001). This seems especially likely if the actual fishers have to lease their quota

from ”absentee landlords” (Branch, 2009). Interestingly, a tradable quota system is expected to lead to a

concentration of quota which is typically perceived to be undesirable, but probably increases the chances

to achieve some form of collective action. These examples show that the question to what extent private

property right influence marine ecosystems is essentially an empirical one.

Empirical evidence on the effect of transferable quotas on biological sustainability is sparse in the

literature (Costello et al., 2010; van Putten et al., 2014).2 A notable exception is a study by Costello et al.

(2008) showing that fisheries that have adopted individual transferable quotas (ITQs) are less prone to

collapse. In the following years, several papers have appeared to shed light on the question of how catch

shares affect the fate of the fishery by incorporating more direct biological information. Looking at a

combination of case studies, Chu (2009) finds that the implementation of ITQs sometimes have positive,

sometimes negative and sometime insignificant effects on biomass. Essington (2010) analyzes how the

introduction of ITQs affect biomass, landings, and other variables of interest for the North American

Fisheries and found that the implementation of ITQs did not effect mean values of those variables, but

tended to decrease the variance, especially concerning landings and exploitation rate.

To investigate the link between PPR and ecosystem sustainability further, data on biomass, catch,

2See Branch (2009) for an comprehensive overview of how tradable quota systems affect marine ecosystems.
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and landings coming from the RAM stock assessment database (Ricard et al., 2012), maintained by the

University of Washington, has been proven to be useful. Melnychuk et al. (2012) have analyzed how

catch shares help achieving specific management targets, such as target biomass levels or TAC and found

fairly weak evidence. In particular, there was no strong correlation between whether catch shares had been

employed and how biomass developed, though catch shares seemed to dampen excessive (and occasional)

overexploitation and seemed to reduce variability in catch around the year. These findings have been

corroborated by Essington et al. (2012), and perhaps more surprising, there was no direct link between

how the fishery developed compared to how it had been performed before. In other words, there was no

shift from suboptimal exploitation to optimal exploitation and catch shares did not have a direct effect on

the state of the stock. This point raises an immediate question: How come that fisheries using catch shares

are less likely to collapse, but effects on biomass are insignificant?

Costello and Grainger (2014) dig deeper into this question and use the same data, and find that while

an ITQ system has a positive effect in overexploited stocks, it has no effect on healthy stocks. The main

problem remains that health of the stock is obviously not exogenous. The introduction of a tradable quota

system, exploitation rates, and health of the stock may all be driven by the same omitted variable: concerns

about ecosystem health, sustainable revenues from the fishery, a viable fleet, etc. However, they find that

the transition to an ITQ system does not appear to be correlated with the state of the stock. The finding is

perhaps not surprising, given that a quota system could, on the one hand, be introduced when the fishery

is performing well, as there are substantial rents to be distributed to fishermen. An abundant resource

create sufficient rents that can be distributed to different stakeholders, and incumbent resource users will

probably welcome a change that may give them the possibilities to secure those rents into the future.

On the other hand, it is also not unreasonable to expect quotas to be introduced as an emergency

measure rescuing a fishery that is locked in a situation of low biomasses and low catches. A crisis may

hence create the necessary support for any regulatory changes that attempt to restore or secure the viability

of the system. Previous studies support this last explanation, where they find that the introduction of a

management regime is more likely if the resource is in crisis and at the verge of collapse (Wilen, 1988;

Libecap, 2009; Hersoug, 2005). One of the questions so far unsolved is therefore if institutional changes,

such as a transition from open access to a PPR is more likely to happen if the resource is in a good shape

or in a crisis (Young, 2010).

Further, an introduction of a tradable quota system could also depend on different country charac-

teristics, such as the capacity to enforce regulations, or societal preferences regarding how to distribute

the rents from a fishery, in addition to the status of the resource itself. One of the rare theoretical papers

that have specifically analyzed how external changes, such as opening for trade, may influence whether a

country makes a transition from open access to a PPR has been written by Copeland and Taylor (2009).

In their model, all countries are initially in an open access regime, but opening up for trade brings along a

higher resource price than in autarky (provided the country is a net exporter) and potential resource rents.

Whether these resource rents can be captured depends on whether the regulator is able enforce property

rights, i.e. provide the necessary incentives to discourage agents from ignoring the regulation and overex-

ploiting. They conclude that the likelihood to implement a PPR depends on three factors. First, incentive

to extinguish the resource which depends on the discount rate and the intrinsic growth rate of a species. If
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the discount rate is low and the intrinsic growth rate is high, it is economically optimal to harvest less and

the incentive to extinguish the resource is weak. Second, the enforcement power of a government which

depends on the discount rate and the probability of detecting an agent violating the regulation. Intuitively,

a high discount rate and a low detection probability makes the agent care less about being caught (as he

discounts the loss of any foregone harvests in the future) making it harder to enforce regulation. Third, the

economy’s capacity to harvest, which depends on the size of the labor force, the technological capacity to

harvest and the regenerative capacity of the resource.

Obviously, in reality, the situation is much more ambiguous. Insecure property rights, different stake-

holder groups, and a regulatory and natural environment in constant flux makes the institutional dynamics

extremely complex. A motivation for writing this paper is hence to try to address several of these complex

relationships, hopefully bringing the literature a step forward.

3 Data and descriptives

The data used in the empirical analysis have been compiled from several sources. The ecological data
comes from the Sea Around Us project (SAU) catch database (Watson et al., 2004; SAUP, 2013), which

contains information on global catch in tonnes and US Dollar (USD) from 1950-2006. The geographical

breakdown we use is catch per specie3 in each exclusive economic zone (EEZ). Each unique combination

of specie-EEZ-year then constitutes an observation in the dataset. The main variable of interest for the

empirical analysis is not catch itself, but we use catch in tonne to infer the exploitation status of the stock.

The exploitation status of a specific specie in a specific EEZ in a specific year is assigned according to

the criteria in Table 1, which builds on the methodology from Froese et al. (2012).4

Table 1: Criteria used to assign exploitation status

Exploitation status Criterion 1 Criterion 2
1. Undeveloped year<yearMaxCatch catch<10% of MaxCatch
2. Developing year<yearMaxCatch catch ∈ [10%,50%] of MaxCatch
3. Fully exploited catch>50% of MaxCatch
4. Overfished yearCollapsed>year>yearMaxCatch catch ∈ [10%,50%] of MaxCatch
5. Collapsed year>yearMaxCatch catch<10% of MaxCatch
6. Rebuilding year>yearCollapsed catch ∈ [10%,50%] of MaxCatch

Notes: The criteria are the same as in Froese et al. (2012). In the analysis exploitation status is
aggregated into three broader categories in the following way: 1=Undeveloped, Developing or
Fully exploited, 2=Overfished or Rebuilding and 3=Collapsed.

The calculation of exploitation status hinges on a critical assumption of a positive correlation between

catch and abundance. The assumption that catch to a large degree reflect biomass, however, might not

always be the case. Critics have pointed out that changes in targeting, fishing restrictions or market

preferences could lead to abrupt changes in catch that are not related to the stock (Caddy et al., 1998;

3When we use the term catch in this paper we refer to the part of the catch that is both landed and reported. The Sea Around
Us project (SAU) catch database originally contains catch for several aggregated categories (higher taxonomic rank), like genus,
family order and class. In this paper we only use information on catch that is available at the species level.

4Note that we use a different geographical area to define a stock than in Costello et al. (2008). Instead of EEZs, they define a
fishery as a stock comprised within a unique Large Marine Ecosystem (LME). See also Appendix A.1 for an illustration of the
different exploitation statuses.
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de Mutsert et al., 2008). This implies that low catches might occur despite of a high stock, e.g. due to low

fish prices or restrictive management practices. Many stocks also have naturally large fluctuations, and as

the length of the time series increases, the chance of catch falling below a certain threshold relative to a

historical peak increases (Murawski et al., 2007).

Despite potential caveats of using catch as a proxy for abundance, we argue that it might be our best

option given we want to do a global examination. Compiling data to estimate biomass is expensive, and

is therefore usually only done by developed nations for species of commercial importance (Ricard et al.,

2012). This implies that the data on biomass represents a biased subsample of the stocks in a given area.

Recent studies have also investigated the relationship between catch and biomass for a sub-sample of

fisheries where this is available (see e.g. Froese et al., 2012). The authors find that there, indeed, is a

positive correlation between catch and the underlying biomass, and that trends in catch data are consistent

with trends in biomass data for fully assessed stocks.5

From the Sea Around Us Project (SAUP) catch database we also collect the real price per tonne

in USD, which reflects ex-vessel prices based on the landings value. To mitigate potential problems of

endogenous local prices, we average the price for each specie across all countries, giving us a single world

price. The information on private property rights in the form of quota systems in fisheries is collected

from the EDF catch share database (EDF, 2014). The database contains information on different types

of quota systems from around the world, both tradable and non-tradable. Note that we define private

property rights (PPR) as any type of quota system with tradable allowances.6 For the dataset used in the

analysis only around 3% of fisheries (i.e. unique specie-EEZ combinations) have implemented some kind

of tradable quota system in the time span analyzed.7 From the database Fish Base (Froese and Pauly,

2015) we collect a specie-specific a growth parameter.8

Next we include data on country characteristics. In contrast to the ecological data and data on man-

agement, these observations are (for natural reasons) only available at the country level. The variables

include GDP per capita (in constant 2005 USD), population growth, the degree of openness (measured by

import and exports’ share of GDP), the political system (autocracy/democracy) and if the political party

in office is oriented towards the far right, as well as data on ratification of multilateral environmental

agreements in other areas than fisheries and water pollution. The latter is used as a proxy for the ”envi-

ronmental awareness” of a country. In order to capture potential impacts of a changing climate and year

to year changes in the environment, we use sea surface temperature (SST) from the National Centers for

Environmental information NOAA (2015).910

As we are interested in exploring potential interaction effects between policy implementation and in-

stitutional characteristics, like the strength of property rights, enforcement capabilities and the general

5See also Pauly (2013) for a discussion on the relationship between catch and abundance.
6The different quota systems include IQs, ITQs, IVQs, TURFs and cooperatives. We recognize that quota systems can differ

substantially across countries and across species. As we are not primarily interested in the specific characteristics of different
quota systems, but rather the core characteristics of this type of policy instrument, we do not make any attempt to distinguish
these systems from each other - other then separating between tradable and non-tradable systems.

7See Appendix A.2.
8Thanks to Deng Palomares at the University of British Columbia for help with the data.
9The SST data is a monthly 2 ◦x 2 ◦ dataset, where we average the data over years and EEZs using GIS.

10See also Appendix A.4 for more details.
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level of trust in a society, we also collect data on several (time-invariant) indexes trying to capture these

aspects. For trust our approach is to use an index based on different survey questions, calculated by the

International institute for Social Studies (ISS, 2011). To reflect enforcement capability, we use a combi-

nation of four different indicators from the World Bank’s Worldwide Governance Indicators: government

effectiveness, regulatory quality, rule of law and control of corruption (WGI, 2013). To proxy more di-

rectly the strength of private property rights, as well as the degree of trade freedom, we use two different

indexes calculated by the Heritage Foundation (HF, 2013).11

For the main specification used in the analysis we have in total 145 274 observation, covering 173

exclusive economic zones (EEZ) and 7560 unique specie-EEZ combinations over the time span 1961-

2006.12 Summary statistics for two selected years (1975 and 2005) are found in Table 2 and in Appendix

A, together with a more detailed description of the different data sources.

3.1 Who implements private property rights?

Table 2 gives the summary statistics for different variables, grouped by PPR and non-PPR fisheries for the

years 1975 and 2005. PPR includes all fisheries that at some point during the time period analyzed will

implement a tradable quota system. Before 1975 very few fisheries had introduced quota systems. This

means that differences in ecological data between the two groups should not reflect (potential) effects of

introducing a tradable quota system.

Looking at the ecological data we see that the differences between the two groups are insignificant

for all exploitation statuses, except for the category overfished, where (future) PPR fisheries have a higher

share of overfished stocks. For the variable we are primarily interested in, collapsed, the fisheries that will

(at some point in the future) adopt a tradable quota system seem to have a lower share of collapsed stocks,

but this difference is not significant. However, as these fisheries already have a higher share of overfished

stocks, they might be more in danger of experiencing collapses in the future. Pulling in the other direction,

we see that fisheries that will adopt PPR at a later stage have both stronger institutions and a smaller share

of highly migratory species. The latter is intuitive as these species move across different jurisdictions,

often requiring a bi- or multilateral agreement to be in place to implement a quota system. The fact that

the species move over a large geographical area also makes it hard to both monitor and enforce regulations,

suggesting that highly migratory species are more prone to overexploitation. Failing to take into account

fixed effects at the species level in the estimation strategy could then overestimate the effect of PPR, as

the share of highly migratory stock are lower for this group.

As for the institutional data, the variables suggest that PPR fisheries are in a more favorable position.

The group means on country characteristics data reveal that PPR-fisheries tend to be richer, more demo-

cratic, have a lower population growth, stronger protection of property rights, higher regulatory quality,

rule of law and government effectiveness, as well as a higher level of trust. Further, the PPR group is

more likely to have a political orientation to the far right. These findings highlight the importance of

11See Section 5.3 for more details on these variables.
12When we include country-level controls the number of observations drops as not all variables are available for all countries

and for the whole time period. If we don’t include any country-level controls the total number of observations is 220 678,
covering 193 EEZs and 9419 unique specie-EEZ combinations for the years 1955-2006.
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Table 2: Summary statistics in 1975 and 2005, by PPR and non-PPR fisheries

1975 2005

PPR Non-PPR Diff PPR Non-PPR Diff

Fishery-level data
Undeveloped (0/1) 0.17 0.22 -0.05 0.00 0.03 -0.03∗∗∗

Developing (0/1) 0.20 0.29 -0.09∗∗ 0.01 0.03 -0.02∗∗∗

Fully exploited (0/1) 0.27 0.25 0.02 0.35 0.31 0.03
Overfished (0/1) 0.26 0.11 0.14∗∗∗ 0.36 0.19 0.17∗∗∗

Collapsed (0/1) 0.09 0.10 -0.01 0.23 0.32 -0.10∗∗

Rebuilding (0/1) 0.02 0.04 -0.02 0.06 0.12 -0.06∗∗∗

Exploitation status (1,3) 1.45 1.34 0.11 1.87 1.95 -0.08
Highly migratory (0/1) 0.04 0.27 -0.23∗∗∗ 0.08 0.25 -0.18∗∗∗

World price, log 7.02 7.38 -0.36∗∗∗ 7.34 7.64 -0.29∗∗∗

Growth parameter 0.26 0.38 -0.12∗∗∗ 0.25 0.34 -0.09∗∗∗

Country-level data
GDP/capita, log 9.86 8.55 1.31∗∗∗ 10.38 9.35 1.03∗∗∗

Pop growth, % 1.37 1.67 -0.30∗∗∗ 1.05 1.24 -0.19∗∗∗

Openness, % 51.05 49.07 1.98 62.41 75.99 -13.58∗∗∗

Polity (-10,10) 8.59 3.01 5.58∗∗∗ 9.92 6.45 3.47∗∗∗

RightPolOrient (0/1) 0.48 0.31 0.18∗∗∗ 0.34 0.35 -0.01
LeftPolOrient (0/1) 0.52 0.40 0.11∗∗ 0.54 0.31 0.23∗∗∗

Level of trust (0 to 1) 0.57 0.51 0.07∗∗∗ 0.56 0.53 0.03∗∗∗

Strength of PPR (0 to 100) 89.39 63.76 25.63∗∗∗ 89.31 65.45 23.86∗∗∗

Enforcement (-2 to 2) 1.74 0.61 1.13∗∗∗ 1.77 0.72 1.05∗∗∗

Rule of law (-2 to 2) 1.68 0.50 1.17∗∗∗ 1.71 0.65 1.05∗∗∗

Regulatory quality (-2 to 2) 1.53 0.59 0.94∗∗∗ 1.59 0.70 0.88∗∗∗

Government effectiveness (-2 to 2) 1.81 0.71 1.10∗∗∗ 1.77 0.80 0.97∗∗∗

Control of corruption (-2 to 2) 1.93 0.62 1.31∗∗∗ 2.02 0.74 1.29∗∗∗

Trade freedom (0/1) 0.79 0.68 0.11∗∗∗ 0.79 0.70 0.09∗∗∗

Sea surface temperature, ◦C 9.96 20.05 -10.09∗∗∗ 11.72 18.14 -6.42∗∗∗

Env.agreements (other) 13.98 15.23 -1.25∗∗ 58.51 65.51 -7.00∗∗∗

PPR other areas 0.00 0.00 0.00 5.01 2.23 2.79∗∗∗

PPR other areas, spatial lag 0.09 0.02 0.07∗∗ 8.83 4.85 3.98∗∗∗

Notes: The table shows the means in 1975 and 2005 for the sample used in the main specification. Exploitation
status (1,3) is grouped in the following way: 1=undeveloped, developing or fully exploited, 2=overfished or
rebuilding and 3=collapsed. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

addressing the self-selection problem, as policy implementation does not seem to be random, but rather

correlated with several important socio-economic dimensions. An important contribution of our study is

this to control for several time-varying country characteristics in the empirical analysis.

3.2 The development of ecological variables for PPR and non-PPR fisheries

Figure 3 depicts the development of ecological outcome variables, as well as the roll-out of tradable quota

systems for the time period 1950-2006. The development is shown separately for PPR and non-PPR

fisheries, where a fishery is assigned to the PPR group if it at some time during the time period will

implement a tradable quota system. This means that the share of fisheries within the PPR-group that have

a tradable quota system in place in a specific year will increase over time.

A first observation is that the development in exploitation status for the PPR and non-PPR groups are

almost coinciding up until the late 1970s (Figure 1a). The way we have defined the different stages of

exploitation, a move from 1 to 2 or 2 to 3 is interpreted as a worsening of ecological outcomes. After

this point the developments diverge; while the trend flattens out for PPR fisheries, the exploitation status
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Figure 1: Development in ecological variables, by PPR and non-PPR fisheries. 1950-2006

(a) Exploitation status (1-3) (b) Collapsed

(c) Overfished or rebuilding (d) PPR implementation

Notes: PPR includes all fisheries that at some point during the time period have implemented a tradable quota
system. Exploitation status (1,3) is grouped in the following way: 1=undeveloped, developing or fully exploited,
2=overfished or rebuilding and 3=collapsed. For figure (b)-(c) the vertical axis shows the share of fisheries within
the two categories (non-PPR and PPR) that at time t has the status of collapsed and overfished (incl rebuilding).
Figure (d) only includes PPR-fisheries, and depicts the roll-out of tradable quota system over time.

continues to increase for non-PPR fisheries. In the early 1990s, however, the exploitation status is again

increasing and showing a similar trend as the non-PPR fisheries. Interestingly, this happens despite the

fact that more and more fisheries are implementing quota systems over time.

The same pattern is visible for the share of collapsed stocks (Figure 1b), only here the difference is

larger and the divergence starts a few years earlier. After about 10-15 years of stable collapse rate, the

share of collapsed stocks is again increasing for the PPR-group. Whether this (temporary) stagnation in

the share of collapsed stocks from the late 1970s up until the 1990s was due to the implementation of PPR

cannot be determined based on this figure alone. However, the figure suggests that something happened

around the late 1970s that changed the path for these two groups of fisheries. From Figure 1d we see that

the divergence of trends partly coincide with the first introductions of tradable quota systems.

In contrast to the development in collapsed stocks, the share of overfished and rebuilding stocks show

a steady and parallel increase for the two groups from the late 1960s. Apart from the sharp increase in the

first part of the 1960s, the share of collapsed and rebuilding stocks are increasing almost at the same rate

from 1970 and onwards.
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4 Empirical Strategy

4.1 Difference-in-difference estimation

The main goal of the paper is to estimate the effect of introducing private property rights (PPR) on eco-

logical outcomes. We do this by employing a difference-in-difference (DiD) strategy, where the treatment

group includes fisheries which at some point during the time span have implemented PPRs, while the

control group are all other fisheries.13 This strategy is similar to that of Costello et al. (2008), except

we define a broader group of quota systems to be in the treatment group; we include all tradable quota

systems, not only those tradable at an individual level (ITQ) - see section 3. Also, we use a different geo-

graphical breakdown (EEZs). As the quota systems are rolled out at different points in time, the pre and

post treatment periods will be different across PPR-fisheries. We control for both fishery-specific time-

invariant variables and year effects by employing a fixed effects estimation together with year dummies.

This means that characteristics that do not vary over time at a fishery level, like geographical conditions

and specie-specific traits, are controlled for in the estimation. Unlike Costello et al. (2008) we also include

selected time-variant country characteristics to mitigate potential (time-variant) omitted variable bias at

the country level.

The outcome we focus on is the degree of exploitation of a stock. As the different exploitation statuses

are likely to be highly persistent, we should ideally allow for a dynamic structure. One way to do this is to

include lags of the dependent variable. On the one hand, including both fixed effects and lagged dependent

variables generally requires strong assumptions to get consistent estimates. On the other hand, excluding

the lagged dependent variable as an explanatory variable could also bias the coefficients if it is an important

part of the data-generating process (Dell et al., 2014). There is hence a trade-off between including fixed

effects and allowing for dynamics. As an alternative approach we focus on the change in exploitation

status, or more precisely the transition into a specific exploitation status (e.g. from overfished to collapsed).

As we are primarily interested in estimating the effect of PPR on the probability of preventing a stock from

collapsing, rather than the probability of a stock being (and perhaps always has been) collapsed, using the

transition into collapse might be closer to what we want to measure than just the exploitation status itself.14

Our main focus is on stocks that are heavily exploited, and the dependent variable chosen for the main

specification is a binary variable indicating if a stock has transitioned from non-collapsed to collapsed in

the time period analyzed. The main GLS fixed effects (FE) specification then takes the following (general)

form:

Pr(yi, j,t = 1) = β0 +β1PPRi, j,t +X ′jtβ2 + ci, j +λt +ui, j,t (1)

where subscript i indicates specie, j indicates EEZ15 and t indicates year. Further X ′jt includes selected

13Introducing PPRs for one specie could also have an effect on other species that are not comprised by the quota system.
Different species interact in an ecosystem, where some are predators and others are prey, hence indirect effects will likely occur.
This makes our distinction between the treatment group and the control group less clear.

14In Section ?? we do several robustness checks, where we use both lagged dependent variables together with fixed effects, as
well as a GMM system estimator (Blundell and Bond, 1998).

15In the following we will use the term EEZ and country interchangeably. This is a bit imprecise as a country in some cases
can have several EEZs. Examples are different islands that constitute separate EEZs, but belongs to the same country.
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time-variant control variables at the country level, ci, j indicates fishery-specific fixed effects, λt indicates

year dummies and ui, j,t the time variant idiosyncratic error. Both the treatment variable, PPRi, j,t , and the

outcome variable, yi, j,t , are dummy variables, where the first takes the value 1 if a tradable quota system

has been implemented in a specific year, and the latter takes the value of 1 if a stock has changed status

from non-collapsed to collapsed in a specific year.

A critical assumption underlying the DiD strategy is that in absence of the policy intervention (i.e.

introducing a tradable quota system), the treatment group and the control group would have common

trends in the outcome variable. This is in principle an untestable assumption. However, it is possible to

investigate the pre-treatment period to see if the trends show a similar pattern. Again, this is not an easy

task, as the implementation of quota systems take place at different points in time. While the different roll-

out dates of the programs might help identify a causal effect of the policy, it makes is harder to (visually)

compare the trends. Still, Figure 3 seems to give some indication of similar trends in the period up until the

late 1970s, where very few quota systems had been implemented. We also perform a robustness check to

investigate the common trend assumption, see Section B. Lastly, to account for potential serial-correlation

and within EEZ correlation, we cluster the standard errors at the EEZ level in all specifications.

4.2 Instrumental variable strategy

While the DiD estimation addresses parts of the omitted variable bias (OVB) by including both fixed

effects and selected time-varying control variables at the country level, it fails to give consistent estimates

if the error term is correlated with time-varying omitted variables, i.e.,

E[ui, j,t |ci, j,X ′i j1, .......,X
′
i jT ] 6= 0. It seems likely, however, that there could be some self-selection into the

policy driven by omitted time-variant variables. One example is if the status of the stock in previous

periods affect the probability of PPR being implemented, i.e. there is a feedback effect. Similarly, if

we have excluded relevant time-varying control variables that show different trends for the two groups,

the exogeneity assumption will be violated. An instrumental variable (IV) approach will mitigate these

problems by exploiting the correlation between the policy variable (PPR) and an instrumental variable.

An IV strategy could also help to mitigate potential problems related to measurement error bias.16

Here we propose a novel instrumental variable strategy to deal with the particular endogeneity prob-

lem of implementing tradable quota systems in fisheries. The IV strategy we propose is to look at the

implementation of tradable quota system in other environmental domains, like water, forest, land and

pollution. Despite being very different, the resources still share some fundamental CPR characteristics,

which means that governments face somewhat similar problems in managing the resources. We hypoth-

esize that the implementation of tradable quota systems in different environmental domains partly reflect

an underlying preference for market-based solutions to deal with common pool resources, and in partic-

ular a preference towards assigning private property rights. This line of reasoning is inspired by Aichele

and Felbermayr (2012); to deal with potential self-selection into environmental agreements they instru-

ment ratification of the Kyoto Protocol with membership in the International Criminal Court, where the

identifying assumption is that both initiatives reflect some underlying preferences for multilateral policy

16Regression coefficients are biased towards zero when the regressors of interest (here: PPR) is measured with random errors.
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initiatives.

In addition to looking at quota systems in other domains within the same country, we include a spatial

lag which captures quota systems in other environmental domains in neighboring countries, where the

idea is that preferences for quota systems might be correlated within regions. The spatially lagged variable

includes the number of permit systems in other areas than fisheries in the 5 closest countries. To find the

5 closest countries we use a distance measure from the GeoDist database (CEPII, 2013), which captures

the population weighted distance in km between two countries. This second instrument also gives us

more data points compared to only looking at quota systems within the same country.17 The identifying

assumptions needed to validate our strategy are then the following:

• Identifying assumption 1: Having a tradable quota system in other common pool resources (water,

forest, land, pollution) (Z′j,t) affects the probability of having a tradable quota system in fisheries

(PPRi, j,t) (first stage).

• Identifying assumption 2: Having a quota system in other common pool resources (water, forest,

land, pollution) (Z′j,t) does not have a direct effect on the probability of a fish stock collapsing (yi, j,t)

(exclusion restriction).

• Identifying assumption 3: The status of the stock (yi, j,t) and the tradable quota systems in fisheries

(PPRi, j,t) do not cause implementation of quota systems in other common pool resources (water,

forest, land, pollution) (Z′j,t) (i.e., the instrument is independent of all potential outcomes).

• Identifying assumption 4: Having a tradable quota system in other common pool resources (wa-

ter, forest, land, pollution) increases the likelihood of having a tradable quota system in fisheries

(monotonicity, i.e. those affected by the IV are affected in the same direction).

Note that all identifying assumptions are conditional on the fixed effects (ci, j) and time-varying control

variables (X ′jt ,λt) included in the regressions. Assumption 1 is testable in the form of the first stage in a

2SLS/IV estimation, where the F-statistics indicates the significance of this relationship, see Section 5.1.

The second assumption is not testable, but relies on plausible reasoning. For instance, having a quota

system to manage forest resources should not have a direct effect on the status of a fish stock in the same

country. This seems not too unlikely. Similarly, if a country has a tradable permit system for forest

resources this should not have a direct effect on the status of the fish stock in a neighboring country.

However, there might be some direct effect of implementing quota systems for pollution on the status of

fish resources. Tradable permit systems for polluting particles like NOx and SO2 could have an effect

on the water quality, and hence the ecosystem. One way to control for this would be to include data

on emissions. The problem here is that data on NOx and SO2 emissions are only available for a small

subsample of countries, and only for selected years. We are not able to control for this potential channel

in the main specification.18

17A detailed overview of the different sources used to created the instrumental variable is available in Appendix A.4.
18A potential solution is to include data on CO2-emissions, as this variable has better coverage and will to some degree be

correlated with other types of pollution. We find that including CO2-emissions as a control variable does not affect the main
results, and the variable itself is also not significant.
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The third assumption is also not directly testable. Even though we dont’t see a clear reason why having

a quota system in fisheries should cause implementation of quota systems in other areas, there might be

a problem of potential learning effects. If the quota system in fisheries is implemented first, the success

or failure of this policy could affect the probability of introducing a quota system in other parts of the

economy. As the problem is really an issue of timing, we have lagged both instruments with 5 time period

in order to circumvent potential feedback effects from the endogenous policy variable to the instrument.

Also, by using information on quota systems in neighboring countries, we might dampen the potential

problem of violating assumption 3.

Given we believe that assumptions 1-4 hold, we can estimate a causal relationship using the following

2SLS/IV estimation:

First stage:

PPRi, j,t = β0 +Z′j,tβ1 +X ′jtβ2 + ci, j +λt + εi, j,t (2)

Second stage:

Pr(yi, j,t = 1) = β0 +β1P̂PRi, j,t +X ′jtβ2 + ci, j +λt +ui, j,t (3)

The vector Z′j,t contains the instrument(s) excluded from the second stage. Data on the instruments

(PPR in other environmental domains) are collected from a variety of sources, where the main source is

the OECD database on tradable permits (OECD, 2013).19

Summary statistics for the two instruments proposed for the IV strategy are shown in Table 2. The

group means indicate that tradable quota systems in other domains are more common where there are also

quota systems in fisheries, supporting our hypothesis that having a quota system in fisheries is correlated

with having a quota system to manage other common pool resources. Figure 2 depicts the development

over time for both the endogenous treatment variable (labeled “PPR-fisheries” in the figure) and the instru-

mental variable (labeled “PPR-other (control)” and “PPR-other (treatment)” in the same figure). The plot

indicates that the roll-out of PPRs in fisheries to a large degree co-coincides with the roll-out of PPR in

other environmental domains. Compared to the control group, the treatment group are implementing more

tradable quota systems, and at a faster pace. Further, the implementation of PPR in other areas started a

somewhat earlier than the implementation of PPR in fisheries.

19The OECD database does not contain information about the year of implementation for the different quota systems. This
information has been compiled from multiple sources, see Appendix A.4.
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Figure 2: The implementation rate of PPR in fisheries and in
other environmental domains. 1950-2006.
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Notes: The short-dashed green line shows the implementation of
PPR in fisheries (i.e., the endogenous treatment variable). The
solid red line and the long-dashed black line depict the imple-
mentation of PPR in other environmental domains for the treat-
ment and the control group (i.e., the instrumental variable).

5 Empirical results

5.1 First stage

Table 3 reports the first stage from the IV/2SLS estimation.20 The first stage estimates the effect of having

tradable permit systems in other environmental domains on the probability of having a tradable quota

system in fisheries (PPR). Column (1) shows that the coefficient is positive and significant at a 1 % level

and the F-statistics is above the rule of thumb of 10 (F-stat=11.11), indicating that having quota systems

in other environmental domains is indeed correlated with having a quota system in fisheries. Including the

spatially lagged IV in column (2) gives both a larger coefficient and a higher F-statistics (F-stat=26.21). If

a neighboring country has one agreement in other environmental domains, this increases the probability of

a specific fishery having PPR in a specific year by 1.35 %, conditional on fishery-specific and year-specific

effects. If all 5 neighboring countries have 2 agreements each, then the probability of a fishery having PPR

increases by 13.5 %.

Performing a redundancy test reveals that the estimation is improved if the first IV (PPR other areas

(t-5)) is dropped from the estimation. This leads us to estimate the first stage with only the spatially

lagged IV, see column (3). The F-statistics of 52.42 suggests that the spatially lagged IV performs better

than the IV reflecting other agreements within the same country. This might be due to the fact that we

use more information when constructing the variable, and more countries get non-zero values. A potential

advantage with the spatially lagged instrument is that it might be less likely to violate the identification

assumptions 2-3. Adding country-level controls (column 4 and 5) increase the F-statistics to around 70,

but also reduces the number of observations as some controls are only available for a subset of the sample.

20The first and second stage are estimated in STATA with the command xtivreg 2, see Schaffer (2010).
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Table 3: First stage

Dependent variable: PPR
(1) (2) (3) (4) (5) (6)

PPR other areas (t-5) 0.00665∗∗∗ 0.00393∗

(0.00199) (0.00206)
PPR other areas (t-5), spatial lag 0.0135∗∗∗ 0.0147∗∗∗ 0.0139∗∗∗ 0.0140∗∗∗ 0.0136∗∗∗

(0.00232) (0.00203) (0.00165) (0.00155) (0.00154)
GDP/capita, log 0.00254 0.00167 -0.00799

(0.00476) (0.00484) (0.0156)
Pop growth, % 0.00377 0.00403 0.00752

(0.00281) (0.00286) (0.00550)
Temperature, ◦C -0.0100∗∗ -0.0136∗∗

(0.00446) (0.00629)
Env.agreements (other), log 0.00442 0.0180

(0.00725) (0.0220)
Polity -0.00136

(0.000929)
RightPolOrient -0.0120∗

(0.00673)
World price (t-5), log -0.000660

(0.00400)
Openess (t-5), % -0.0000555

(0.000112)
Controls (time-varying) No No No Yes(med) Yes(long)
Year dummies Yes Yes Yes Yes Yes
Fixed effects Yes Yes Yes Yes Yes
R2(overall) 0.0340 0.0651 0.0610 0.0639 0.0656 0.0725
Obs 219943 219943 219943 146745 144666 94642
Period 1955-2006 1955-2006 1955-2006 1961-2006 1975-2006
EEZs 193 193 193 175 171 131
EEZ-specie 8684 8684 8684 7073 6952 5358
F-stat excl. instr. 11.11 26.21 52.42 81.79 78.52

Notes: The dependent variable, PPR, is a binary variable at the fishery level indicating if a tradable quota system has
been implemented in a specific year. All regressions include specie and EEZ fixed effects, as well as year dummies.
Standard errors clustered at EEZ level in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

Based on the findings in this section we use the spatially lagged IV as the main IV in subsequent sections.21

5.2 Main results

Table 4 presents the main results of the paper; the effect of PPR on the probability of a fish stock collapsing.

FE and IV estimates are presented pairwise in the table, where pairs further to the right include more time-

varying controls. A first observation is that all coefficients on the treatment variable are negative and

significant, indicating that introducing PPR reduces the probability of a fishery collapsing. Second, the IV

strategy gives coefficients that are somewhat larger in magnitude than the FE estimates. In column (2) the

IV estimate is around -0.07, meaning that having implemented PPR reduces the probability of a fishery

collapsing by about 7 %. This effect is 3.5 times larger than the FE estimate of around 2 % in column (1).

Adding more controls reduce the FE estimates slightly, while the magnitude of the IV estimates increases.

Based on the F-statistic on the excluded instruments (labelled Weak-ID test in Table 4), it does not seem

like we have a problem with weak identification.22 Using the critical values from Stock and Yogo (2005)

21The main results in the paper are not sensitive to the use of one instead of two instruments.
22By weak identification we mean that the excluded instruments are only weakly correlated with the endogenous regressors.

The F-statistic is the robust Kleibergen-Paap Wald rk F statistic.

16



Table 4: The effect of private property rights (PPR) on the probability of a fishery collapsing

Dependent variable: transition into collapse
(1) (2) (3) (4) (5) (6) (7) (8)
FE IV FE IV FE IV FE IV

PPR -0.0201∗∗∗ -0.0714∗∗∗ -0.0171∗∗∗ -0.0791∗∗∗ -0.0167∗∗∗ -0.0786∗∗∗ -0.0142∗∗∗ -0.114∗∗∗

(0.00297) (0.0230) (0.00304) (0.0251) (0.00310) (0.0255) (0.00375) (0.0309)
GDP/capita, log -0.00494 -0.00497 -0.00495 -0.00499 0.00459 0.00324

(0.00380) (0.00363) (0.00383) (0.00368) (0.00495) (0.00488)
Pop growth, % 0.00117 0.00149 0.00117 0.00149 0.000725 0.00161

(0.00115) (0.00118) (0.00115) (0.00119) (0.00172) (0.00188)
Temperature, ◦C 0.00146 0.000714 0.00384 0.00202

(0.00225) (0.00232) (0.00271) (0.00286)
Env.agreements (other), log 0.000628 0.000371 0.00325 0.00375

(0.00291) (0.00294) (0.00556) (0.00589)
Polity 0.000410 0.000203

(0.000249) (0.000274)
RightPolOrient -0.0000498 -0.00141

(0.00279) (0.00270)
World price (t-5), log -0.000865 -0.000999

(0.00114) (0.00118)
Openess (t-5), % -0.0000149 -0.0000115

(0.0000796) (0.0000798)
Controls (time-varying) No No Yes(short) Yes(short) Yes(med) Yes(med) Yes(long) Yes(long)
Year dummies Yes Yes Yes Yes Yes Yes Yes Yes
Fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
R2(overall) 0.00886 0.00835 0.00615 0.00530 0.00607 0.00522 0.00432 0.00194
Obs 220678 219943 147383 146745 145274 144666 95173 94642
Period 1955-2006 1955-2006 1961-2006 1961-2006 1961-2006 1961-2006 1975-2006 1975-2006
EEZs 193 193 176 175 173 171 132 131
EEZ-specie 9419 8684 7711 7073 7560 6952 5889 5358
Number of instruments 1 1 1 1
Weak-ID test (F-stat) 52.42 71.71 81.79 78.52
Max IV bias 10% 10% 10% 10%

Notes: The outcome variable is a binary variable indicating if a fishery has transitioned from non-collapsed to collapsed. All
regressions include specie and EEZ fixed effects, as well as year dummies. Standard errors clustered at EEZ level in parentheses.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

to compute the maximum IV bias, we find that the IV bias is no more than 10 % in all IV-regressions.

The finding that the IV estimates are more negative than the FE estimates could have several potential

explanations. First, one possible explanation for the larger IV-estimates could be that PPR-fisheries have

experienced less favorable trends in relevant omitted variables. E.g. more rapid technological development

relative to non-PPR fisheries might have put a larger pressure on these fish stocks. Correcting for this by

employing an IV strategy hence increases the effect of the policy. Note that all time-constant effects across

countries and fisheries are already controlled for in all regressions.

A second explanation is related to the feedback effect from ecology to institutions. It seems likely

that the timing of implementation could depend on the status of the stock. If PPR are implemented as

a response to a worsening of ecological outcomes, and the status of the stock is persistent, FE might

underestimate the effect. A reason for this is that a stock in danger of collapsing, or already collapsed,

might require substantially lower exploitation levels for a long time in order to recover.23

A third explanation is related to the assumptions underlying the IV strategy. If the exclusion restric-

tion does not hold (i.e. the instrumental variable has a direct effect on the status of the stock), the IV

estimate might be inflated. In a similar manner, measurement error in the treatment variable could bias

the coefficient towards zero (attenuation bias). Employing an IV-strategy could potentially mitigate parts

23If the worsening of ecological outcomes is instead characterized by a temporary dip, where the stock would bounce back
without any intervention, then the opposite would be true: FE would overestimate the effect.

17



of attenuation bias. While we are not able to pinpoint the exact reason for a higher IV estimate, we can

still conclude that the finding of a positive effect of PPR on ecological outcomes seems to be robust to this

specific attempt of dealing with potential endogeneity problems. Further, we have also, in an ad-hoc way,

tried to address some of the problems with persistency of the outcome variable by looking at the transition

into collapse instead of a fishery having the status of collapsed.24

Robustness checks: In Appendix B we perform several robustness checks, including investigating the

effect of PPR on alternative outcome variables. First, looking at a broader range of ecological outcome

variables, we find that PPR also lowers the probability of a stock becoming overfished (Appendix B.1).

Next we address the common trend assumption by including (i) two separate time trends for the treatment

group and the control group, (ii) continent specific trends and (iii) EEZ specific time trends. Including

time trends still yields a negative and significant IV estimate, but the effect is now only significant at a

10% level for the two first specifications, while it is significant at a 1% level when including EEZ-specific

trends (Appendix B.2). Restricting the sample to only (i) treated families, (ii) treated genera and (iii)

treated species, the effect of PPR remains negative, but the IV-estimate is only significant (at a 10% level)

for the first sample. Using FE, the estimates are around the same magnitude and stays significant in all

specifications. The reason why we don’t get significant IV estimates might be due to the smaller sample -

restricting the sample to only treated species reduces the sample size by around 75 % compared to the full

sample (Appendix B.3).

In Appendix B.4 we test an alternative way of allowing for dynamics by using collapsed as an outcome

variable paired with lags of the dependent variable as explanatory variables. Using a dynamic specification

gives a negative effect of PPR around the same magnitude as in our main specification. While the FE

estimates are significant for all specifications, the IV estimate is only significant at a 10% level. Due to

the fact that the lagged dependent variables and the error term are, by construction, correlated, we also

estimate the dynamic specification using GMM. Applying the system estimator developed by Blundell and

Bond (1998), we still find a negative and significant effect of PPR on the probability of a stock collapsing

(Appendix B.5).

Lastly, we address the critical assumption of a positive correlation between catch and biomass by

exploiting a different dataset containing information on both catch and biomass - The RAM Legacy Stock

Assessment Database (RAM) (Ricard et al., 2012). As the RAM dataset only includes around 2% of the

observations from our main dataset, we cannot directly test our main finding of a negative effect of PPRs.

What we instead do is to create two dependent variables, one where we assign the exploitation status

“collapsed” based on both biomass and one where we assign the status based on catch. The estimation

reveals that the effect of PPRs is small and insignificant when using both outcome variables, and the effect

is very similar when using the catch-based measure and the biomass-based measure. Using the data from

the Sea Around Us Database, but restricting the sample to correspond with the RAM database, also yields

small and insignificant results, indicating that it might be the small sample, rather than the use of catch as

a proxy for biomass, which renders the effect of PPR insignificant. (Appendix 6).

24Using the move into collapse instead of the status of collapsed also lowers the coefficient, from around 9% to around 2% in
the FE estimation. This could indicate that the status of the stock in previous periods affect the status today, and omitting it from
the analysis biases the effect upwards.
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5.3 Heterogeneous effects

How effective PPR are in preventing fishery collapse might depend on different country, as well as specie

characteristics, like the strength of private property rights, enforcement and monitoring capabilities, the

level of trust in society, the degree of trade openness and the intrinsic growth rate of the different species.

First, if fishermen perceive PPR as uncertain they could become more impatient and pay less attention

to the long-term sustainability of the fishery. On the contrary, weak PPR could also deter investment in

the sector, dampening the pressure on the stock (Bohn and Deacon, 2000). To reflect the strength of PPR
we use the Heritage Foundation’s index on PPR protection (HF, 2013). As the index is only available for

the years 1994-2006, we average the data by country.

Second, if enforcement and monitoring capabilities are poor, PPR regimes might de facto resemble

an open access regime. The ability to restrict access and monitor defectors are likely to depend on both

human and financial resources, as well as fishery and specie characteristics. To try to reflect parts of the

enforcement capabilities we create an variable labeled Enforcement. The variable is constructed by com-

bining information on four different World Bank indicators: regulatory quality, government effectiveness,

rule of law and control of corruption (WGI, 2013). Again the data is only available for the last part of the

time period used in the analysis, leading us to average the values by country.25

Third, the general level of trust in society could interact with the policy implementation, either

strengthening or weakening the effect. The most intuitive channel is perhaps that a high level of trust

in society will improve the prospect of compliance. If regulatees trust regulators as fair umpires who ad-

minister and enforce laws or regulations, then compliance will be higher. Also, if regulatees believe that

other fishermen will stick with their assigned quota, it could help the community overcome the collec-

tive action problem and avoid unsustainable harvesting. To the contrary, implementing formal regulations

could potentially crowd out informal arrangements built on social norms of cooperation and peer sanc-

tions. If a high level of trust is correlated with strong informal arrangements, this suggests that countries

with an initially high level of trust could benefit less from introducing PPR as it merely replaces informal

institutions. To investigate the role of trust we use an indicator of trust from the World Value Survey,

averaged over the survey years ISS (2011).

Fourth, the degree of openness can either strengthen or weaken the effect of PPRs. While Chichilnisky

(1994) argue that trade openness decreases overexploitation in countries with strong PPRs (by shifting the

overuse to regions with weaker regulation), Brander and Taylor (1997) show that openness can also work

in the opposite direction. To capture the degree of trade openness we use the trade freedom index from

the Heritage Foundation (HF, 2013), which measures the absence of tariff and non-tariff barriers that affect

imports and exports of goods and services.26 As the index is only available for a short time period, we

average the data over the time period, resulting in a time-invariant measure.

Lastly, the re-generative capacity of the resource could potentially influence the effectiveness of PPRs

in preventing a collapse. In an attempt to capture the intrinsic growth rate of different species, we use

25An alternative approach could be to drop all years that lack observations, or to extrapolate the data back in time. As the
indicators vary little over time, we argue that not much is lost by averaging the data; most of the variation comes from variation
across countries.

26Here we could also use the share of exports and imports of GDP as a measure of trade openness, but it is more likely to be
endogenous compared to the trade freedom index.
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a growth parameter compiled from Froese and Pauly (2015), expressing the rate (1/year) at which the

asymptotic length is approached.27

To make in easier to interpret the coefficients, we normalize all variables by first calculating the dif-

ference from the sample mean, and then dividing the difference by the sample mean.28 The normalization

makes it easier to interpret the interaction terms, as the baseline coefficient (PPR) expresses the effect for

the mean of all variables, while the interaction terms captures the additional effect when trust, enforce-

ment, PPR strength, trade freedom and the growth coefficient is above the mean in the sample. Summary

statistics from the normalized variables are given in Table 8 in Appendix A.

The results from the estimation with interaction effects are shown in Table 5. While the fixed effects

estimator controls for variables that are constant within each EEZ-specie combination (i.e. allow for differ-

ent intercepts), the interaction terms allow the effect of PPR to vary across different country characteristics

(i.e. allow for different slopes). As all the interaction terms make it hard to employ the IV strategy from

the previous sections, we have to rely on GLS with fixed effects. This could of course place us in the same

category as a lot of the previous studies that don’t properly account for potential endogeneity problems.

Still, as the previous section revealed that the favorable effect of PPR is robust to an IV approach, we

argue that a fixed effects estimation might still be informative.

Table 5: The effect of PPR on the probability of a fishery collapsing - interacted with continuous
variables for trust, enforcement, strength of PPR, trade freedom and intrinsic growth rate.

(1) (2) (3) (4) (5) (6) (7)
FE FE FE FE FE FE FE

PPR -0.0160∗∗∗ -0.0156∗∗∗ -0.0447∗∗ -0.0614∗∗∗ -0.0192 -0.0259∗∗∗ -0.112∗∗∗

(0.00343) (0.00562) (0.0180) (0.0156) (0.0180) (0.00477) (0.0158)

PPR*Trust -0.00409 -0.129∗∗∗

(0.0312) (0.0271)

PPR*Enforcement 0.0186∗ -0.0225∗∗

(0.0111) (0.00962)

PPR*PPR-Strength 0.123∗∗∗ 0.269∗∗∗

(0.0418) (0.0404)

PPR*TradeFreedom 0.0211 0.222∗

(0.109) (0.114)

PPR*Growth rate -0.0369∗∗∗ -0.0410∗∗∗

(0.0140) (0.0149)
Controls (time-varying) Yes(med) Yes(med) Yes(med) Yes(med) Yes(med) Yes(med) Yes(med)
Year dummies Yes Yes Yes Yes Yes Yes Yes
Fixed effects Yes Yes Yes Yes Yes Yes Yes
R2(overall) 0.00688 0.00688 0.00688 0.00689 0.00688 0.00740 0.00744
Obs 147290 147290 147290 147290 147290 108689 108689
Period 1961-2006 1961-2006 1961-2006 1961-2006 1961-2006 1961-2006 1961-2006
EEZs 126 126 126 126 126 125 125
EEZ-specie 7248 7248 7248 7248 7248 5127 5127

Notes: The outcome variable is a binary variable indicating if a fishery has transitioned from non-collapsed to collapsed.
All regressions include specie and EEZ fixed effects, as well as year dummies. Standard errors clustered at EEZ level in
parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

27For more details on the different variables, see Appendix A.4
28 For example, for trust the normalization would be: (Trust j−Trustmean)

Trustmean
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In column (2)-(6) in Table 5 we run separate regressions with each of the different characteris-

tics (Trust, Enforcement, PPR-strength, TradeFreedom, GrowthRate) interacted with the policy variable

(PPR), while in column (7) we run one regression where we include all the different interaction terms. As

many of the country characteristics are highly correlated, including only one interaction term will likely

absorb the effects of correlated variables. We therefore regard the last column as the most informative, as

we control for several different country characteristics at the same time. This, to a larger degree, allows

us to isolate the separate effects of different characteristics.

Studying column (7), a first observations is that countries characterized by a high level of trust benefit

more from introducing PPR. Countries with a one standard deviation higher level of trust has an additional

favorable effect of PPR of 2 percentage points.29 This suggests that rather than crowding out informal

institutions, a higher level of trust (on average) increases the effect of the policy, perhaps by improving

compliance. Enforcement and PPR protection are highly correlated, hence combining both in the same

regression is bound to reduce the effect of one of the variables.30 When including both variables we see

that enforcement increases the effect of the policy, while strong PPR protection decreases the effect of

PPR. A one standard deviation (SD) higher level of enforcement capabilities translates into a 3 percentage

points additional favorable effect of the policy31, while one SD increase in PPR protection decreases the

effect of the policy by 9 percentage points.32

The fact that the PPR strength estimate has a positive sign and is quite large in magnitude (relative

to the baseline coefficient) is somewhat puzzling. A tradable quota system is a form of private property

rights, and if we believe that these rights have a favorable effect on ecological outcomes, more secure

rights would strengthen the effect of the policy. An important thing to note is that countries implementing

tradable quota systems typically have above average quality of formal institutions and a strong protection

of PPR (see Table 2). This means that a large share of the treatment group will be defined as having strong

PPR. Still, the finding in Table 5 indicates that countries with strong property rights protection benefit

relatively less from introducing tradable quotas compared to the countries not defined as having the same

strong formal institutions.

A potential explanation could be that these countries have other policy instruments in place, which

they are able to enforce effectively, so they benefit less from an additional policy measure. A related

explanation is that a tradable quota system could be part of a larger set of strategies, reflecting a shift in

management to restore ecosystem health, and it is therefore not necessary the rights in itself, but a stronger

focus on sustainable management that is driving the results. This cannot explain why the coefficient is

positive, but it could explain why the strength of PPR and enforcement capabilities are not strengthening

the effect of the policy. However, if strong PPR and enforcement capabilities leads to higher investment

levels, which in turn could put a larger pressure on the stock, this could potentially explain parts of the

puzzling results.

Interacting the index for trade freedom indicates that trade openness lowers the effect of PPRs - but

the effect is only significant at a 10% level. A one SD increase in trade openness, offsets the favorable

29−0.129∗1SD =−0.129∗0.16 =−0.02064.
30The correlation is 0.79.
31−0.0225∗1SD =−0.0225∗1.40 =−0.0315.
320.269∗1SD = 0.269∗0.33 = 0.08877.
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Figure 3: How the effect of PPRs on the probability of collapse depend on the strength of PPR

(a) Linear relationship (b) Convex relationship

Notes: Figure (a) shows the predicted net effect of (PPR+PPR∗Strength) for different values of the Heritage Index
of PPR strength. Figure (b) shows the net effect when including a squared term, i.e. (PPR+PPR∗Strength+PPR∗
Strength2).

effect of PPR by 5 percentage points.33 Lastly, a higher intrinsic growth rate strengthens the effect of the

policy; a 1 SD increase in the (normalized) growth coefficient increases the effect of PPR by 4 percentage

points.34

6 Does a stock collapse induce institutional change?

Here we explore whether a stock collapse influences the probability of implementing private property

rights. While a collapsed stock generates lower rents, and hence weaken the short-run economic incentives

to implement PPRs, a worsening in ecological outcomes can also create a sense of urgency among policy

makers and hence induce institutional change.

When estimating the probability of implementing PRRs, we need to be aware of the same problem of

reverse causality as when estimating the causal effect of the policy. While the event of a collapse might

influence the decision to implement PPRs, the policy itself will likely also effect the status of the stock. In

section 5.2 we found that implementing PPRs reduces the probability of a stock collapsing. Further, the

lower (i.e., more negative) IV estimate compared to the FE estimate suggested that implementing PPRs

might be more likely when the stock is in a poor state. However, the higher IV estimate could also be

due to other reasons, like omitted time-varying variables, attenuation bias or violation of the exclusion

restriction.

Here we aim to estimate a causal effect of a stock collapse on the probability of implementing PPRs.

To address the endogeneity of a collapse, we propose to use time-varying sea surface temperature (SST)

for different EEZs as an instrument. While year to year changes in temperature has the property of being

close to random, there might be a problem of a temperature increase having heterogeneous effects across

different geographical areas and different species.35

330.222∗1SD = 0.222∗0.22 = 0.04884.
34−0.0410∗1SD =−0.0410∗0.94 =−0,03854.
35Angrist et al. (1996) show that when there are defiers in the population, i.e. a subpopulation where the treatment status is
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First, several studies find that many marine species respond to ocean warming through migration to

higher latitudes and deeper waters (Cheung et al., 2013). Second, temperature can affect the productivity

of species, which can be positive in some geographical areas and negative in others. For example, species

in warmer waters are expected to have a smaller maximum body size, and species with smaller bodies

located in warmer environments are likely to suffer higher natural mortality rates (Sumaila et al., 2011).

On the contrary, species in colder waters are often found to experience higher productivity when the

temperature increases.36 These findings suggests that the effect on an increasing temperature might be

more unfavorable in tropical (low-latitude) waters compared to colder (high-latitude) waters.37

In the lack of systematic information on temperature sensitivity of different species, we instead allow

for the effect of temperature to vary according to latitude. We do this by including two instrumental

variables to estimate the probability of a collapse: sea surface temperature and sea surface temperature

interacted with the absolute distance from equator (absolute latitude). The distance measure ranges from

0◦ i to 90◦ i, where 0◦ i is exactly at the equator, while 90◦ i are the north and the south pole. The idea is

that the unfavorable effect of a temperature diminishes as we move further away from equator. We also test

a second specification where we interact sear surface temperature with a dummy indicating non-tropics,

and lastly a specification where where we use the log of temperature instead of levels.

As we will use a fixed effects estimator in all specifications, the coefficient on sea surface temperature

can be interpreted as the effect of a deviation from the mean temperature for that particular EEZ. Con-

ditional on the fixed effects, the identifying assumptions are then the following: (1) changes in the sea

surface temperature affect the probability of a stock collapsing (first stage), (2) changes in the sea surface

temperature does not have a direct effect on the probability of implementing PPRs (exclusion restriction),

(3) implementing PPR does not have an effect on changes in the sea surface temperature (the instrument

is independent of all potential outcomes) and (4) a positive deviation from the mean sea surface temper-

ature increases the probability of a stock collapsing, but the effect diminishes as we move further away

from equator (monotonicity assumption, i.e. those affected by the IV are affected in the same direction).

Given assumption (1) to (4), we can estimate the following causal relationship using a 2SLS/IV estimation:

First stage:

effected in the “wrong way”, the Wald ratio is a weighted difference of the average treatment for compliers and defiers. If the
instrument move compliers from non-treatment to treatment, while it move defiers from treatment to non-treatment, the effect
on compliers could be (partly) canceled out by opposite effects of defiers. We could then observe a reduced form which is
close to 0, or a negative sign even though the treatment effect is positive for everyone. Translated to this particular case; if a
higher temperature increases the probability of a collapse for half of the stocks, while it decreases the probability of a collapse
for the other half, the effects might cancel each other out, leaving a close to zero effect. However, in a recent working paper
de Chaisemartin (2014) finds that an IV approach might work under a much weaker condition than monotonicity. If there is little
uncertainty about the sign of the treatment effect, the chances of being a complier or defier is not directly based on gains from
treatment and we have large first-stage coefficients, then the chances of estimating a causal effect using IV is large even in the
presence of defiers.

36For example, in Planque and Frdou (1999) the authors find that the recruitment of Atlantic cod is correlated with annual
fluctuations in temperature, where stocks located in warm waters are affected negatively, while stocks located in cold waters are
affected positively. For stocks located in the middle there is no effect of temperature on recruitment. Looking at a different specie
located in colder waters- the Northeast Arctic haddock, Landa et al. (2014) also find a positive relationship between ecosystem
temperature and abundance.

37Temperature could also affect the productivity of the ecosystem, for example by affecting phytoplankton biomass, but the
magnitude and direction of climate change effects on primary productivity is uncertain (Sumaila et al., 2011)

23



collapsedi, j,t = β0 +Z′j,tβ1 +X ′jtβ2 + ci, j +λt + εi, j,t (4)

Second stage:

Pr(yi, j,t = 1) = β0 +β1 ̂collapsedi, j,t +X ′jtβ2 + ci, j +λt +ui, j,t (5)

, where the vector Z′j,t contains the sea surface temperature instrument(s) excluded from the second

stage and yi, j,t indicates the transition from no PPRs to PPRs.

Table 6: First stage

Dependent variable: collapsed
(1) (2) (3) (4)

Temperature, ◦C 0.0151∗∗∗ 0.0286∗∗ 0.0318∗∗

(0.00574) (0.0144) (0.0135)
Temperature*latitude -0.000327

(0.000372)
Temperature*non-trophics -0.0216

(0.0173)
log(Temperature) 0.764∗∗∗

(0.243)
log(Temperature)*latitude -0.0119∗∗∗

(0.00363)
Controls (time-varying) Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes
Fixed effects Yes Yes Yes Yes
R2(overall) 0.116 0.113 0.113 0.113
Obs 173429 149231 149231 149217
Period 1961-2006 1961-2006 1961-2006 1961-2006
F-stat excl. instr. 6.940 4.191 4.412 6.321

Notes: All regressions include specie-EEZ fixed effects and year fixed effects.
Standard errors clustered at the EEZ level in parentheses. ∗ p < 0.10, ∗∗ p < 0.05,
∗∗∗ p < 0.01.

Table 7: Second stage

Dependent variable: ∆ PPR
(1) (2) (3) (4) (5)
FE IV IV IV IV

Collapsed -0.000354 0.0367 0.0234 0.0204 0.0128
(0.000288) (0.0799) (0.0607) (0.0443) (0.0483)

Controls (time-varying) Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes
Fixed effects Yes Yes Yes Yes Yes
R2(overall) 0.00246 -0.103 -0.0352 -0.0261 -0.00877
Obs 174017 173429 149231 149231 149217
Period 1961-2006 1961-2006 1961-2006 1961-2006 1961-2006
Number of instr. 1 2 2 2
Weak-ID test (F-stat) 6.940 4.191 4.412 6.321
Max IV bias 20% >25% >25% >25%

Notes: All regressions include specie-EEZ fixed effects and year fixed effects, as well as time-
varying controls for GDP, population growth and log of environmental agreements in other areas.
Standard errors clustered at the EEZ level in parentheses. ∗ p < 0.05, ∗∗∗ p < 0.01.

First stage: Table 6 shows the results from the first stage. The baseline estimation (column 1) sug-

gests that a higher temperature (compared to the mean temperature) increases the probability of a stock

collapsing; a one degree Celsius increase in temperature increases the probability of a stock collapsing by
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1.5 %. In column (2) we add an interaction term to see whether the unfavorable effect of higher sea surface

temperature diminishes as we move further away from the equator. While the effect is indeed negative, it

is small and also not significant. Using a dummy variable for non-tropical areas instead of latitude gives

a somewhat similar picture - the baseline coefficient is positive, while the additional effect of moving to

colder waters is negative and not significant. Lastly we use the log of temperature instead of levels. The

coefficients in column (4) reveal that a 1 percent increase in temperature increases the probability of a

stock collapsing by 0.76 % if we are exactly at the equator, but the negative effect diminished as we move

towards higher latitudes. The magnitude of the coefficients suggests that the net effect of a higher tem-

perature is unfavorable until we reach latitudes around 64◦. For latitudes higher than 64◦, the net effect of

a (log) temperature increase turns favorable.38 While all four regressions show a positive and significant

effect of temperature on the probability of a stock collapse, the F-statistics indicates that we might have a

weak identification problem. All four F-statistics are below the rule of thumb (F>10), indicating that the

correlation between the endogenous variable (collapsed) and the instrument (temperature) might not be

sufficiently strong. Using the critical values from Stock and Yogo (2005) indicates a maximum IV-bias of

around 20 % for the singled instrument regression, while it is above 25 % for the rest. Further, performing

a redundancy test reveals that the additional interaction effects is redundant in column (2) and (3), while

the interacted instrumental variable in column (4) (log(Temperature)*latitude) is not redundant, meaning

that it improves the estimation.

Second stage: Table 7 gives the results from the second stage. Both the fixed effects (FE) and the

IV/2SLS estimation reveal small and insignificant effects. The FE estmation, which don’t account for

potential feedback effects and time-varying omitted variable bias, yields a very small, negative and non-

significant effect of a collapse on the probability of implementing PPRs. Addressing the endogenity

problem by using an IV/2SLS strategy turns the negative coefficient into a positive coefficient, which

could mean that the FE estimate partly reflects a reverse causality. The IV estimates suggests that it is

between 1-4 % more likely to implement PPR if the stock has collapsed, but the effect is not significantly

different from zero. Still, the sign of the coefficient is in line with our reasoning in Section 5.2.

For the three regressions including more than one instrumental variable (column 3-5), we perform a

Sargan-Hansen test of overidentifying restrictions, where the joint null hypothesis is that the instruments

are valid instruments, i.e., uncorrelated with the error term. The test statistics give a p-value in the range

0.70-0.85, supporting the validity of the instruments.

Based on the results from the estimation, we cannot conclude that it is more or less likely to implement

PPR if a stock has collapsed. While we don’t get significant results, this could also be due to problems

with the identification strategy and weak instrument problems. It could also be a problem of defiers party

offsetting the effect.

7 Conclusion

One of the key properties of socio-ecological systems is that social and natural processes are intrinsically

linked and mutually influence each other. While formal institutions are typically designed to prevent

38An an example, waters north of Trondheim in Norway is above 64◦.
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undesirable outcomes, such as economic losses or fisheries collapse, they also respond to outcomes that

have already taken place in the past. This potential reverse causality makes it very difficult to evaluate the

causal effect of an implemented policy.

In this paper we investigate the two-way relationship between overexploitation of marine resources

and private property rights by exploiting a global panel dataset on ecological, economic and institutional

variables, spanning over 5 decades. The main goal of the analysis is to estimate a causal effect from policy

implementation to ecological outcome variables to see if property rights can help to mitigate the tragedy

of the commons in ocean fisheries. In contrast to previous studies, like e.g. Costello et al. (2008), we ad-

dress the problem of reverse causality and (time-varying) omitted variable bias by (i) using a fixed effects

estimator, (ii) including several time-varying control variables and (iii) employing a novel instrumental

variable strategy. Our main finding is that private property rights, in the form of tradable quota systems,

have a favorable effect on several ecological variables, and lower the probability of a stock collapsing by

around 7-8 percent. The effect is robust to several specification test, like adding control variables, restrict-

ing the sample, including group specific time trends and employing an alternative dynamic specifications.

While the IV estimates on PPRs suggest that it might be more likely to implement this policy when the

stock is in a poor state, we formally test this hypothesis in the second part of the paper. Using sea surface

temperature to instrument a stock collapse, we find a positive effect of a collapse on the probability of

implement PPR. However, this effects is not statistically significant, hence we cannot say if a collapse

actually induces institutional change.

Lastly, we explore potential heterogenous effect of PPR implementation, and find that high-trust coun-

tries benefit relatively more from implementing tradable quota systems than low-trust countries. A poten-

tial explanation could be that a high level of trust improve the prospect of compliance, and hence the

performance of the policy. Somewhat surprisingly, having strong institutions for protecting private prop-

erty rights and high enforcement capabilities tend to lower the effect of tradable quota systems. This

result seem counterintuitive, and may suggest that there are mechanisms other than the property rights in

themselves that could partly drive the favorable effect, like a stronger focus on sustainable management.

Also, previous studies have shown that strong protection of property rights could spur investments, and

hence contribute to ecosystem degradation (see e.g. Liscow, 2013; Bohn and Deacon, 2000). While we

touch upon this question, we leave it up to further research to further disentangle the different mechanisms

between formal institutions, like private property rights, and ecosystem sustainability.
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Appendices

A Data description

A.1 Calculation of exploitation status

Figure 4: Illustration of the different exploitation statuses
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Notes: The figure illustrates a typical development in exploitation sta-
tus, from undeveloped through fully exploited to collapsed and rebuild-
ing.The y-axis measures catch relative to peak catch.
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A.2 Summary statistics

Table 8: Summary statistics

count mean sd min max
Undeveloped (0/1) 193871 0.15 0.36 0.00 1.00
Developing (0/1) 193871 0.20 0.40 0.00 1.00
Fully exploited (0/1) 193871 0.26 0.44 0.00 1.00
Overfished (0/1) 193871 0.13 0.34 0.00 1.00
Collapsed (0/1) 193871 0.18 0.38 0.00 1.00
Rebuilding (0/1) 193871 0.07 0.25 0.00 1.00
Exploitation status (1,3) 193871 1.56 0.78 1.00 3.00
Transition into collapsed (0/1) 193871 0.03 0.17 0.00 1.00
∆ exploitation status (-2,2) 180768 0.03 0.37 -2.00 2.00
Highly migratory (0/1) 193871 0.21 0.41 0.00 1.00
World price, log 193871 7.55 1.01 3.18 11.57
Growth parameter 144369 0.36 0.35 0.03 6.08
GDP/capita, log 193871 8.69 1.57 3.91 11.78
Pop growth, % 193871 1.48 1.23 -5.92 16.41
Openness, % 182904 63.71 44.27 5.31 436.96
Openness (0/1) 182904 0.15 0.10 0.01 1.00
Polity (-10,10) 168718 3.93 7.27 -10.00 10.00
RightPolOrient (0/1) 134544 0.33 0.47 0.00 1.00
Level of trust (0 to 1) 173179 0.52 0.08 0.27 0.68
Strength of PPR (0/1) 175440 0.63 0.23 0.10 0.90
Rule of law (-2 to 2) 191424 0.53 1.02 -1.65 1.94
Regulatory quality (-2 to 2) 188025 0.56 0.93 -1.78 1.93
Government effectiveness (-2 to 2) 188025 0.65 1.03 -1.76 2.12
Control of corruption (-2 to 2) 188025 0.60 1.09 -1.41 2.47
Enforcement (-2 to 2) 191424 0.59 1.00 -1.65 2.07
Trade freedom (0/1) 175440 0.67 0.15 0.18 0.90
Sea surface temperature, ◦C 192181 19.22 7.89 -0.38 29.90
Env.agreements (other) 192420 28.45 25.81 0.00 143.00
Env.agreements (other), log 192420 2.93 1.09 0.00 4.97
PPR other areas 193871 0.64 2.66 0.00 21.00
PPR other areas, spatial lag 193871 0.91 2.54 0.00 21.00
Latitude, abs 164936 33.51 19.53 0.27 75.56
Enforcement, normalized 162528 0.00 1.40 -3.36 1.96
Trust, normalized 162528 -0.00 0.16 -0.49 0.30
PPR-strengt, normalized 162528 0.00 0.33 -0.85 0.38
Growth coefficient, normalized 119802 0.00 0.94 -0.91 16.11
Trade freedom, normalized 162528 0.00 0.22 -0.74 0.31

Notes: The table is based on the time period 1961-2006.
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A.3 Geographical overview of PPR and PPR in other areas

Figure 5: Exclusive Economic Zones (EEZs)

(a) EEZs with quota systems

(b) EEZs with tradable quota systems (PPR)

(c) EEZs with tradable quota systems in other domains (PPR-other)

Notes: Map (a) illustrates the EEZs that have at least one quota system (in fisheries) implemented in
2005. Map (b) illustrates the EEZs that have at least one tradable quota system (in fisheries) imple-
mented in 2005. Map (c) illustrates the EEZs that have at least one tradable quota system in other areas
than fisheries implemented in 2005. A darker color indicates are higher intensity.
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A.4 Data sources

INCLUDE A LIST WITH EXAMPLES OF DIFFERENT QUOTA SYSTEM TO IN OTHER ENVIRON-

MENTAL DOMAINS (WATER, POLLUTION, FOREST, HUNTING, LAND, ETC.)

Table 9: Data sources

Variable Description Source

Catchi jt Catch in 1000 tonne The Sea Around Us project
(www.seaaroundus.org/)

Collapsedi jt Dummy indicating status of collapsed
World pricei jt Log of real price, averaged over the taxon in all geo-

graphical areas

PPRij Dummy variable indicating if private property rights
(quotas) have been implemented in the time period
1950-2006

Catch share design center
(catchshares.edf.org/database)

PPRijt Dummy variable indicating if private property rights
(quotas) have been implemented in a specific year

log(GDP/capita)i jt log of GDP per capita in constant 2005 1000 USD World Development Indicators
Pop growth Population growth in %
Trade (Import+export)/GDP

polity2 A countries’ political orienta-
tion(autocracy/democracy)

Polity IV project (www.systemicpeace.org)

RightPolOrient Dummy variable=1 if parties are Christian demo-
cratic, conservative or right-wing, 0 otherwise

World Bank database on political orientation
(www.nsd.uib.no/macrodataguide)

LeftPolOrient Dummy variable=1 if parties are social democratic or
left-wing, 0 otherwise

Government Effectiveness Reflects perceptions of the quality of public services,
the quality of the civil service and the degree of its
independence from political pressures, the quality of
policy formulation and implementation, and the cred-
ibility of the government’s commitment to such poli-
cies

The Worldwide Governance Indicators
(www.govindicators.org)

Regulatory Quality Reflects perceptions of the ability of the government
to formulate and implement sound policies and regu-
lations that permit and promote private sector devel-
opment.

Rule of Law Reflects perceptions of the extent to which agents
have confidence in and abide by the rules of society,
and in particular the quality of contract enforcement,
property rights, the police, and the courts, as well as
the likelihood of crime and violence.

StrengthPPR Reflects the protection of private property The Heritage Foundation
(www.heritage.org/index/)

Trust Based on different survey questions like “Most People
can be Trusted”

Indices of Social Development
(http://www.IndSocDev.org/)

PPR in other areas j Dummy variable indicating if a country has imple-
mented permit systems in other environmental do-
mains in the time period 1950-2006

Main source 1: OECD database on instru-
ments used for environmental policy and nat-
ural resources management

Number of PPR in other
areas jt

Number of permit systems a country has in other en-
vironmental domains

Main source 2: Cesifo Database for Institu-
tional Comparisons in Europe (DICE)

Number of PPR in other
areas, spatial lag jt

Total number of permit systems a the 5 closes neigh-
boring countries have in other environmental domains

See Table 10 for more details

Geographical distance Geographical distance between countries The GeoDist database
(www.cepii.fr/%5C/anglaisgraph /work-
pap/summaries/wp resume.asp? an-
nee=2011&ref=25&NoDoc=3877)

Environmental agreements
(other)

Number of ratified multilateral environmental agree-
ments in other areas than fisheries and water pollution

Mitchell (2015)
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Table 10: More details on data sources used for tradable permit systems in other environmental domains

Source Website

OECD database on instruments used for environmen-
tal policy and natural resources management

www2.oecd.org/ecoinst/queries/

Cesifo Database for Institutional Comparisons in Eu-
rope (DICE)

www.cesifo-group.de/ifoHome/facts/DICE/Energy-and-Natural-
Environment/Natural-Environment/Tradable-Permits/tradab-
perm 11/fileBinary/tradab-perm 11.pdf

Australian Government, Dept. of the Environment www.environment.gov.au/archive/about/publications/economics/
incentives/pubs/incentives.pdf

EPA NSW www.epa.nsw.gov.au/resources/licensing/hrsts/hrsts.pdf

Tradable green certificates in Flanders (Belgium) www.sciencedirect.com/science/article/pii/S0301421502002628

UNEP www.unep.fr/ozonaction/information/mmcfiles/3020-e.pdf

Canada’s Options for a Domestic Greenhouse Gas
Emissions Trading Program

Book, p. 86

Government of Canada www.ec.gc.ca/rsd-sdr/default.asp?lang=En&n=8A0CE743-1

EPA USA www.epa.gov/airmarkets/international/chile/et santiago.pdf

Fores www.sei-international.org/mediamanager/documents/
Publications/china-cluster/SEI-FORES-2012-China-Carbon-
Emissions.pdf

GSE www.gse.it/en/qualificationandcertificates/RECSCertificates/
Pages/default.aspx

Implementing Domestic Tradable Permits for Envi-
ronmental Protection

Book, p. 31

Evaluating the Effectiveness of Environmental Offset
Policies

www.smithschool.ox.ac.uk/people/BobHahnOffste.pdf

New Jersey Pinelands Development Credit Program www.nj.gov/agriculture/sadc/tdr/casestudy/tdrexamplesnj.pdf

Ecologic, Institute for International and European En-
vironmental Policy

www.ecologic.eu/download/projekte/1850-1899/1872-03/1872-
03 tradable permits.PDF

National Center for Environmental Economics yosemite1.epa.gov/EE/epa/eed.nsf/dcee735e22c76aef85257662005
f4116/86a2750ed83fe1d88525774200597f3a!OpenDocument

EPA www.epa.gov/airmarkets/progsregs/nox/otc-overview.html
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B Robustness tests

B.1 Alternative outcome variables

In addition to looking at the transition into collapse, we also explore the effect of PPR on a broader

range of ecological outcome variables, see Table 11. In column (1) and (2) we have merged the two

categories ‘collapsed’ and ‘overfished’ into one single group, where we then estimate the effect of PPR on

the probability of a stock going from low-exploitation statuses to overfished or collapsed. The estimation

shows that PPR lowers the probability of a fishery going from a status of undeveloped, developing or fully

exploited to overfished or collapsed. Again, the IV estimate is lager in magnitude than the FE estimates.

Column (3) and (4) gives the estimated effect when we only focus on overfished stocks. While the FE

estimate yields insignificant results close to zero, the IV strategy again gives a negative and significant

effect. Lastly we look at the change in exploitation status, where exploitation status is divided into 3

groups, where 1=undeveloped, developing, fully exploited, 2=overfished or rebuilding and 3=collapsed,

see column (5)-(6). The negative and significant coefficients support the overall picture of a favorable

ecological effect of introducing PPR.

Table 11: The effect of PPR on different ecological outcome variables

(1) (2) (3) (4) (5) (6)
FE IV FE IV FE IV

PPR 0.000804 -0.146∗∗∗ -0.00880 -0.190∗∗∗ -0.0120∗∗∗ -0.0660
(0.00755) (0.0353) (0.00618) (0.0402) (0.00311) (0.0419)

Controls (time-varying) Yes(med) Yes(med) Yes(med) Yes(med) Yes(med) Yes(med)
Year dummies Yes Yes Yes Yes Yes Yes
Fixed effects Yes Yes Yes Yes Yes Yes
R2(overall) 0.00389 0.000239 0.00673 0.00259 0.00129 0.00115
Obs 145274 144666 145274 144666 145274 144666
Period 1961-2006 1961-2006 1961-2006 1961-2006 1961-2006 1961-2006
EEZs 173 171 173 171 173 171
EEZ-specie 7560 6952 7560 6952 7560 6952
Number of instruments 1 1 1
Weak-ID test (F-stat) 81.79 81.79 81.79
Max IV bias 10% 10% 10%

Notes: (1)-(2):Transition into overfished or collapsed, (3)-(4): Transition into overfished, ∆ exploitation status,
where exploitation status consists of 3 categories: 1=Undeveloped, Developing or Fully exploited, 2=Over-
fished or Rebuilding and 3=Collapsed. All regressions include controls for specie and EEZ fixed effects, year
dummies, GDP and pop growth. Standard errors clustered at EEZ level in parentheses.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

B.2 Group specific time trends

A crucial assumption underlying the DiD estimation is the assumption of similar time trends in the absence

of a policy intervention. This assumption is not directly testable, but it is possible to include different time

trends for different groups to try to circumvent a potential violation. The estimated DiD coefficient then

reflects the deviation from a general trend. The inclusion of a linear group-specific time trend should be

seen as a robustness check, and not a part of the main specification, as the trends might absorb some of

the treatment effect. Ideally we would estimate the time trends based on only pre-treatment observations,

but the roll-out of the policy over time complicates such a procedure.
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Table 12 shows the results from the robustness check. In column (1)-(2) we have included the main

estimates for ease of comparison. In column (3)-(4) we have included a separate, linear time trend for the

treatment group. The FE estimation reveals that the treatment group has a more favorable linear time (i.e.

more negative) trend than the control group, resulting in a slightly smaller estimate. For the IV estimation

the linear time trend is not significant and the estimated effect of the policy is still negative and significant

- now at a 10 % level. As the standard errors and the max IV bias has increased, we cannot conclude

if the effect is in fact larger or smaller than the estimated IV coefficient without a linear time trend for

the treatment group. In column (5)-(6) we have included a separate linear trend for all EEZs. Again the

estimated effect of PPR is still negative and now significant at a 1% level for both the FE and the IV

estimate. Overall the picture remains the same - PPR still has a favorable effect on preventing a collapse

in the stock.

Table 12: The effect of private property rights (PPR) on the probability of a fishery collapsing
- group specific time trends

Dependent variable: transition into collapse

PPR*time Continent*time EEZ*time

(1) (2) (3) (4) (5) (6)
FE IV FE IV FE IV

PPR -0.00533 -0.280∗ -0.0144∗∗∗ -0.0583∗ -0.0161∗∗∗ -0.313∗∗∗

(0.00387) (0.151) (0.00337) (0.0309) (0.00435) (0.107)
Controls Yes(med) Yes(med) Yes(med) Yes(med) Yes(med) Yes(med)
Year dummies Yes Yes Yes Yes Yes Yes
Fixed effects Yes Yes Yes Yes Yes Yes
Time trend PPR PPR Continent Continent EEZ EEZ
R2(overall) 0.00610 -0.00200 0.00643 0.00601 0.00909 -0.00633
Obs 145274 144666 145274 144666 145274 144666
Period 1961-2006 1961-2006 1961-2006 1961-2006 1961-2006 1961-2006
Number of instr. 1 1 1
Weak-ID test (F-stat) 7.422 19.24 11.60
Max IV bias 20% 15%

Notes: The outcome variable is a binary variable indicating if a fishery has transitioned from non-collapsed
to collapsed. All regressions include specie and EEZ fixed effects, year dummies, log GDP per capita and
population growth. Standard errors clustered at EEZ level in parentheses. Column (2) uses the spatially
lagged IV, while column (4) uses the non-spatially lagged IV.∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

B.3 Alternative samples

A next step is to test how robust the result is to changing the control group. In Table 13 we have restricted

the sample to only treated families (column 1-2), treated genera (3-4) and treated species (5-6).39 Looking

at column (1)-(4) we see that restricting the sample to only those families and genera that have at least

one treated stock have very little effect on the FE estimate, while the IV estimate moves a bit closer to

the FE estimate. The two IV estimates are now only significant at a 10% level. Restricting the sample

further to only treated species leaves us with a very small sample (N=40 000), and the IV estimate is no

longer significant. Still, the main conclusion seems to hold; PPR have a favorable effect when restricting

the sample (and hence the control group) to fisheries that are more comparable to the treatment group.
39Note that specie is the lowest taxonomic rank. A specie belongs to a particular genus, which again belongs to a specific

family.
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Table 13: The effect of private property rights (PPR) on the probability of a fishery collapsing
- alternative samples

Dependent variable: transition into collapse

Treated families Treated genera Treated species

(1) (2) (3) (4) (5) (6)
OLS IV OLS IV OLS IV

PPR -0.0154∗∗∗ -0.0493∗ -0.0156∗∗∗ -0.0465 -0.0176∗∗∗ -0.0329
(0.00310) (0.0297) (0.00328) (0.0292) (0.00349) (0.0290)

Controls (time-varying) Yes(med) Yes(med) Yes(med) Yes(med) Yes(med) Yes(med)
Year dummies Yes Yes Yes Yes Yes Yes
Fixed effects Yes Yes Yes Yes Yes Yes
R2(overall) 0.00560 0.00524 0.00681 0.00634 0.00762 0.00744
Obs 102788 102421 62560 62392 39217 39115
Period 1961-2006 1961-2006 1961-2006 1961-2006 1961-2006 1961-2006
EEZs 173 171 172 171 171 170
EEZ-specie 5081 4714 2808 2640 1708 1606
Number of instr. 1 1 1
Weak-ID test (F-stat) 87.63 83.10 79.33
Max IV bias 10% 10% 10%

Notes: The outcome variable is a binary variable indicating if a fishery has transitioned from non-
collapsed to collapsed. (1)-(2): Only treated families, (3)-(4): Only treated genera, (5)-(6): Only treated
species. All regressions include specie and EEZ fixed effects, year dummies, log GDP per capita and pop
growth. Standard errors in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

B.4 Dynamic panel with FE and lagged dependent variables

The main outcome variable used in Section 5.2 is a variable measuring the transition into collapse, which

means that we have already included for some dynamics in the main specification. An alternative approach

is to include lags of the dependent variable as explanatory variables, allowing the exploitation status today

to depend on the exploitation status in previous periods. As briefly mentioned in Section 4.1 including

both fixed effects and lags of the dependent variable could bias coefficient estimates as the lagged depen-

dent variables are, by construction, correlated with the unobserved panel-level effects. At the same time,

excluding lags could also bias the coefficients if the outcome today depends on the outcome in previous

periods (see e.g. Angrist and Pischke, 2008, section 5.3). However, it has been shown that the problem

of biased coefficients is more severe in short panels than in longer panels, see Nickell (1981) (as cited in

Dell et al., 2014), and evidence from Monte Carlo experiments suggest that the bias is negligible when

panel lengths are T=10-15, see Bond (2013) (as cited in Dell et al., 2014). As we have T between 30-50

(depending on the specification), the problem of biased coefficients should be less of a concern in our

analysis.

In Table 14 we use the status “collapsed” as the dependent variable, and include up to three lags as a

controls. A first observation is that going from no lags to lags reduces the coefficient substantially in both

the FE and IV estimation, see column (1)-(4). Also, the IV estimate is not significant when we exclude

lags of the dependent variable, while it becomes significant at a 10 % level when allowing for a dynamic

structure. Introducing 2 and 3 lags strengthens the results.

lagged differences are used as instruments for the level equation in addition to the moment conditions

of lagged levels as instruments for the differenced equation.
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Table 14: The effect of private property rights (PPR) on the probability of a fishery collapsing using a
dynamic specification with lagged dependent variables.

Dependent variable: collapsed
(1) (2) (3) (4) (5) (6) (7) (8)
FE IV FE IV FE IV FE IV

PPR -0.0866∗∗∗ -0.116 -0.0323∗∗ -0.0708 -0.0261∗∗ -0.0757∗ -0.0250∗∗ -0.0746∗

(0.0310) (0.153) (0.0124) (0.0534) (0.0106) (0.0441) (0.0102) (0.0416)
Collapsed (t-1) 0.622∗∗∗ 0.622∗∗∗ 0.517∗∗∗ 0.516∗∗∗ 0.504∗∗∗ 0.504∗∗∗

(0.00834) (0.00827) (0.00698) (0.00696) (0.00716) (0.00714)
Collapsed (t-2) 0.171∗∗∗ 0.171∗∗∗ 0.136∗∗∗ 0.136∗∗∗

(0.00673) (0.00669) (0.00706) (0.00703)
Collapsed (t-3) 0.0670∗∗∗ 0.0668∗∗∗

(0.00544) (0.00539)
Controls (time-varying) Yes(med) Yes(med) Yes(med) Yes(med) Yes(med) Yes(med) Yes(med) Yes(med)
Year dummies Yes Yes Yes Yes Yes Yes Yes Yes
Fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
R2(overall) 0.109 0.109 0.440 0.440 0.451 0.451 0.450 0.449
Obs 155767 155158 152940 152386 150947 150383 149402 148891
Number of IV 1 1 1 1
Weak-ID test 80.71 80.72 80.82 81.20
Max IV bias 10% 10% 10% 10%

Notes: The outcome variable is a binary variable indicating if a fishery has the status of collapsed. All regressions include specie
and EEZ fixed effects, year dummies, log GDP per capita and pop growth. Standard errors clustered at EEZ level in parentheses.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

B.5 Dynamic panel using GMM estimation

To further test the robustness of the dynamic specification, we use an alternative estimator; GMM. Fol-

lowing the procedure by Blundell and Bond (1998) we use a system estimator, which exploits the lagged

differences as instruments for the level equation and lagged levels as instruments for the differenced equa-

tion.40 Note that this estimation still requires strong assumptions41.

The result from the estimation is depicted in Table 15. The table reveals that instrumenting the lagged

dependent variable increases the effect on the policy, supporting our finding of a favorable effect of PPR.

40In STATA the command is called xtdpdsys.
41The system estimator requires that the initial condition E(ui j∆yi j,t+1) = 0 holds for all ij.
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Table 15: The effect of private property rights (PPR) on the probability of a fishery
collapsing using GMM

Dependent variable: collapsed
(1) (2) (3) (4) (5)
FE GMM GMM GMM GMM

PPR -0.0328∗∗∗ -0.0683∗∗∗ -0.0646∗∗∗ -0.0601∗∗∗ -0.0585∗∗∗

(0.0122) (0.0149) (0.0136) (0.0131) (0.0127)
Collapsed (t-1) 0.638∗∗∗ 0.497∗∗∗ 0.519∗∗∗ 0.532∗∗∗ 0.542∗∗∗

(0.00774) (0.00906) (0.00783) (0.00755) (0.00746)
Controls (time-varying) Yes(med) Yes(med) Yes(med) Yes(med) Yes(med)
Year dummies Yes Yes Yes Yes Yes
Fixed effects Yes Yes Yes Yes Yes
Obs 177922 177922 177922 177922 177922
Period 1961-2006 1961-2006 1961-2006 1961-2006 1961-2006
Lags 1 2 3 4

Notes: The outcome variable is a binary variable indicating if a fishery has the status of collapsed.
All regressions include specie and EEZ fixed effects, year dummies, log GDP per capita and pop
growth. Both PPR and the lagged dependent variable are defined as endogenous in the estimation.
Standard errors (clustered at EEZ level for FE) in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗

p < 0.01.

B.6 Limited sample with data on both biomass and catch

A critical assumption in our analysis is the existence of a positive correlation between catch and biomass.

Ideally we would like to assign exploitation status based on biomass, but as data on biomass is only

available for a small subsample of the global dataset, this leads us to use catch as a proxy for biomass.

Here we use data from the RAM Legacy Stock Assessment Database (RAM) (Ricard et al., 2013) for a

small subsample to see if assigning exploitation status based on biomass instead of catch matters for the

effect of PPRs. As the data on biomass is only available for a small sample of species and EEZs, as well

as for a shorter time span (1975-2005), we cannot use the data to test our main findings directly. What we

instead can do is to see whether assigning exploitation status based on biomass instead of catch leads to

different results for this particular subsample.42

In Figure 6 we compare the development of biomass and catch data, as well as the share of col-

lapsed stocks when using data from the different data sources (RAM and SAU), for two different variables

(biomass and catch) and two different time periods (1950-2005 and 1975-2005). Panel (a) depicts the

development in biomass and catch - normalized by the maximum biomass or catch in period. Panel (b)

depicts the development in the share of collapsed stocks. While both biomass and catch follow a some-

what similar development over time, the share of collapsed stocks are clearly much higher when the status

is assigned based on catch instead of biomass. Using catch as a proxy for biomass hence overestimates the

share of collapsed stocks. Despite of a large difference in magnitude, the development over time seem to

follow a somewhat similar pattern. Also, what will be important for our robustness check is not so much

42The original RAM dataset in some instances contains catch and biomass data for different subareas within an EEZ. In order
to make the geographical areas in the RAM database comparable to the geographical areas in the Sea Around Us database, we
collapse catch and biomass for each EEZ-specie combination. To make sure the summarization is balanced, we drop observations
that are not available for the whole time period 1975-2005. Dropping unbalanced time series reduces the sample from around
3864 observations to around 2046 observations, while collapsing the observations to an EEZ-specie level further reduces the
sample to around 1364 observations. There are also observations in the RAM dataset for stocks that are classified as multinational.
Due to our geographical breakdown (EEZs) we exclude these stocks from the analysis.
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the share of collapsed stocks in itself, but the effect of PPRs on the probability of a stock collapsing.

Figure 6: Comparing 4 different variables

(a) Biomass and catch (b) Share of collapsed stocks

Notes: Panel (a) shows the development in catch and biomass, relative to the maximum in the period. Biomass
(RAM) and Catch (RAM) are collected from the RAM-database, while Catch (SAU) and Catch (SAU) 1950-2005
are collected from the Sea Around Us database. The latter uses the maximum catch from a longer time period
(1950-2005) to normalize the catch data. Panel (b) depicts the share of collapsed stock, when the collapsed status is
assigned based on four different variables.

In Table 16 we run the same regression as in our main table (Table 4) - using four different measures

of collapsed.43 In column (1)-(2) the collapse variable is assigned based on biomass data from the RAM

database, while in column (2)-(3) the collapse status is assigned based on catch data (from the same

database). In the four last columns we use data from the Sea Around Us database; in column (5)-(6) we

assign exploitation status based on the maximum catch in the time period 1975 -2006, while in column

(7)-(8) we assign the status based on the maximum catch in the time period 1950-2005.

Table 16: The effect of private property rights (PPR) on the probability of a fishery collapsing

Dependent variable: transition into collapse

Biomass (RAM) Catch (RAM) Catch (SEA) Catch50 (SEA)

(1) (2) (3) (4) (5) (6) (7) (8)
FE IV FE IV FE IV FE IV

PPR 0.00594 -0.00684 0.0114 -0.00113 -0.0193 0.0384 -0.00600 -0.0690
(0.00884) (0.00954) (0.0102) (0.0347) (0.0244) (0.0677) (0.0173) (0.0721)

Controls (time-varying) Yes Yes Yes Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes Yes Yes Yes
Fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
R2(overall) 0.0293 0.0256 0.0226 0.0211 0.0301 0.0198 0.0268 0.0165
Obs 1340 1268 1340 1268 1340 1268 1340 1136
Period 75-05 75-06 75-05 75-06 75-05 75-05 75-05 75-05
Source RAM RAM RAM RAM SAU SAU SAU SAU
Variable Biomass Biomass Catch Catch Catch Catch Catch 50 Catch 50
Weak-ID test (F-stat) 20.09 20.09 20.09 16.25

Notes: All regressions include specie-EEZ and year fixed effects. Robust standard errors in parentheses clustered at the
specie-EEZ level. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

43Due to the small number of EEZs, we are forced to cluster the standard errors at the specie-EEZ level, instead of at the
EEZ-level as in the main specification. This means that we cannot allow for within EEZ correlation, which clearly could be a
problem in this set-up. However, we are still able to correct for potential serial correlation at the specie-EEZ level.
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The main results from the Table 16 are the following: (i) introducing PPRs does not have a significant

effect on the probability of a stock collapsing. When using biomass data to assign exploitation status

(column 1-2), the effect of PPRs is small and positive in the FE estimation, while small and negative in the

IV estimation. However, neither of the coefficients are significantly different from zero. (ii) Using catch

data to assign exploitation status gives a somewhat similar picture; the FE estimate is positive and non-

significant (column 3), while the IV estimate is negative and non-significant (column 4). This implies that

- for this particular subsample - assigning exploitation status based on catch instead of biomass does not

lead to different conclusions. In a similar manner, the data from the SAU database also gives insignificant

estimates. This suggest that the reason why we don’t find a significant effect of PPRs using biomass data

could be due to the smaller sample - the RAM dataset only consist of around 1-2% of the observations

from the Sea Around Us dataset. The robustness check hence neither supports nor falsify the findings in

our main analysis, but rather emphasize the importance of the sample chosen.

B.7 Heterogenous effects using dummy variables

In stead of using indexes, we use a dummy variable indicating if the different characteristics (trust, en-

forcement, strength of PPR, trade freedom or growth rate) are in the 75th percentile in the sample. For

example, if a country’s average level of trust lies at or above the 75th percentile in the sample, the country

is defined as having a high level of trust (labeled HighTrust in Table ??)
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Table 17: The effect of PPR on the probability of a fishery collapsing - interacted with high
trust, high enforcement strong PPR

(1) (2) (3) (4) (5) (6) (7)
FE FE FE FE FE FE FE

PPR -0.0160∗∗∗ -0.0149∗∗∗ -0.0393∗∗∗ -0.0526∗∗∗ -0.0121∗∗∗ -0.0116∗ -0.0548∗∗∗

(0.00343) (0.00397) (0.00814) (0.0127) (0.00402) (0.00605) (0.0138)

PPR*HighTrust -0.00553 -0.0206∗∗∗

(0.00473) (0.00496)

PPR*HighEnforcement 0.0258∗∗∗ 0.00661
(0.00835) (0.00808)

PPR*StrongPPR 0.0377∗∗∗ 0.0433∗∗

(0.0128) (0.0172)

PPR*HighTradeFreedom -0.00995∗ 0.00183
(0.00513) (0.00593)

PPR*HighGrowthRate -0.0397 -0.0421
(0.0267) (0.0291)

Controls (time-varying) Yes(med) Yes(med) Yes(med) Yes(med) Yes(med) Yes(med) Yes(med)
Year dummies Yes Yes Yes Yes Yes Yes Yes
Fixed effects Yes Yes Yes Yes Yes Yes Yes
R2(overall) 0.00688 0.00688 0.00689 0.00689 0.00688 0.00736 0.00739
Obs 147290 147290 147290 147290 147290 108689 108689
Period 1961-2006 1961-2006 1961-2006 1961-2006 1961-2006 1961-2006 1961-2006
EEZs 126 126 126 126 126 125 125
EEZ-specie 7248 7248 7248 7248 7248 5127 5127

Notes: The outcome variable is a binary variable indicating if a fishery has transitioned from non-collapsed to collapsed.
All regressions include specie and EEZ fixed effects, as well as year dummies. StrongPPR=1 if strength of PPR >=the
75th percentile, HighEnforcement=1 if HighEnforcement >=the 75th percentile, HighTrust=1 if trust>=the 75th percentile.
HighTrade=1 if openness>=the 75th percentile, HighGrowthRate=1 if intrinsic growth rate>=the 50th percentile. Standard
errors clustered at EEZ level in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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