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Chapter 1

Introduction

The Chilean fishery fell into a crisis in 1980 as a result of the overexploitation of
the marine resources under the open access system. In order to promote sustainable
fishery activity, the Chilean government established the General Fisheries and Aqua-
culture Law (GFAL) in 1991 and the territorial Use Rights for Fisheries (TURF) in
1992. The latter is the framework for two of the three research chapters in this thesis.

The fishery activity in Chile is regulated by the GFAL, which aims to preserve
the hydro-biological resources following the open access regimen, which led to over-
exploitation. The GFAL determines specific rules for each one of the six types of
fisheries developed in Chile: Extractive, Aquaculture, Research, Recreational, Areas
and species protected and Coastal areas belonging to ethnic groups. The law enforce-
ment is controlled through three main governmental agents: SUBPESCA, which is
responsible for fishery policy making based on biological, social, economic and envi-
ronmental research evidence; SERNAPESCA, which protects the marine environment
and controls the law enforcement defined by SUBPESCA; and IFOP, which collects
systematic statistics and leads research projects to design more accurate fishery poli-
cies.

The law also distinguishes between the industrial and artisanal subsectors accord-
ing to the size of the vessels and the extractive methods applied. Industrial fishery
includes fleets with a length of over 18 metres, implemented for capturing high vol-
umes of resources using a technologized fishing system. In contrast, artisanal fishery

accounts for fishermen using traditional fishing gear and fleets that only operate un-



der the exclusive access right within the first 5 miles of the coastline. It also includes
those organisations working under territorial common rights to harvest molluscs in a
specific marine area; these are concentrated mostly in the Lagos and Bio-Bio regions,
located in the Centre-South of Chile (SERNAPESCA, 2016).

According to official statistics, the industrial sector has systematically reduced its
landings in the last two decades. On the one hand, some relevant species, such as the
horse mackerel and the anchovy, have been dramatically reduced due to their over-
exploitation in the past five decades. On the other hand, the impact of the weather,
natural climatic changes and disasters, such as the 2010 tsunami, have negatively im-
pacted on the resources available. Moreover, governmental regulators have constantly
reduced the industrial fishery quotas, seeking the sustainability of the resources, but
affecting fish landings (SERNAPESCA, 2016).

In contrast, the artisanal sector has become very important at the national level
during the last decade. Whereas the sardine, one of the most important resources
in the Chilean fishery, was captured by industrial sector in the 1990s, it is cur-
rently landed by the artisanal sector. Moreover, some molluscs and algae are har-
vested exclusively by artisanal organisations under a territorial common rights system
(TURFs), which gives exclusive harvesting rights for a specific marine area. Com-
pared to the industrial overexploitation under the open access system, the common
rights have positively impacted on the sustainability of the resources and the arti-
sanal organisations’ economic performance, although there are some problems related
to the monitoring of poaching and illegal harvesting, which require further research.

The artisanal fishery sector is the common frame for the three empirical chapters
included in this thesis. I focus in particular on a particular management system that
is internationally recognised as Territorial Use Rights for Fishing (TURFS), which
is applied in Chile to regulate the artisanal organisations’ harvesting. The TURFs
regime, established in Chile in 1998, grants exclusive rights to artisanal organisations
to harvest benthonic resources, which include invertebrate species such as molluscs
and algae. In particular, this thesis is interested in those artisanal organisations that

are harvesting Loco (Concholepas-Concholepas), the most profitable mollusc exploited



in Chile and mostly concentrated in the Lagos region (SERNAPESCA, 2016).

Chapter 2 and Chapter 4 cover different aspects of the TURFs management in
order to propose guidelines to improve the organisations’ harvesting decisions and
monitoring strategies, whereas Chapter 3 examines the link between multidimensional
poverty and natural disasters, focusing on those who are working in the artisanal
sector and not only under the TURFSs.

More specifically, Chapter 2 examines the determinants of the harvesting deci-
sions made by artisanal organisations operating under the TURFs system in the
Chilean abalone fishery. Some questions addressing this chapter are: What harvest-
ing variables should be considered for optimising organisations’ pay-offs?, What are
the strategies implemented by the artisanal organisations for increasing their pay-
offs?, Do the artisanal harvesting decisions change in a dynamic context? Although
the biological gains from recovering the benthonic resources are broadly recognised,
the effects of specific harvesting decisions on the TURFS’ effectiveness are still not
fully understood. This work evaluates the harvesting decisions of artisanal organisa-
tions accounting for the loco’s stock and price, harvest, governmental approval quotas,
and catchability. In the first part, a theoretical model explores harvesting decisions
through a dynamic model for two periods of time. The predictions include a positive
effect of higher assigned quotas on harvest and a positive effect on harvest of a higher
loco price, stock and catchability. In the second part, a set of data is created from
the annual reports of artisanal organisations. Then, the predictions of the theoretical
model are empirically tested through regressions. The empirical model supports the
theoretical predictions found, except for the loco’s price effects. The main conclu-
sions support the assumption that there is an interior solution in a dynamic context
and reinforce the importance of quota and stock as key harvesting decision variables.
Some policy guidelines are provided according to the findings.

Chapter 3 evaluates the effects of natural disasters on multidimensional poverty
in Chile and distinguishes between the fishermen and non-fishermen populations. I
am interested on answering questions such as: Are fishermen poorer than the overall

population after earthquake and tsunami accounting for all the dimensions included



in the multidimensional poverty measurement? Which people’s quality of life aspects
are more affected by such natural disasters in the short and long-term? and What
guidelines can be proposed for policy design in the fishery sector?. Because natural
disasters are commonly associated with important human and economic losses, it is
not a surprise to find that an extensive body of international literature focuses on
the poverty and natural disasters nexus. Nevertheless, most of the studies measur-
ing poverty only take into account Gross Domestic Product or household income.
Moreover, little is known about the effect of natural shocks within specific popula-
tion groups over time, especially those who are more socioeconomically vulnerable
before the shocks. Data from the national fishery census applied in 2008-2009 in-
dicate that artisanal fishermen have lower educational attainment and access to the
social security system compared with the overall population, showing a greater social
vulnerability.

I contribute by evaluating the impact of the 2010 Chilean earthquake and the later
tsunami on households’ multidimensional poverty, emphasising short and long-term
differences within the overall Chilean population and the artisanal fishery sector. To
do so, I account for the unique multidimensional poverty index (MPI) used in Chile for
policy purposes, which includes four dimensions: housing, work and social security,
education and health. I use data from the CASEN survey to calculate a pre-disasters
MPT in 2006-2009, the short-term effects in 2011 and the long-term effects in 2013.
The ONEMI database allowed for identifying those localities only affected by the
earthquake and those also impacted by the later tsunami. I estimate the effect of
both disasters on multidimensional poverty for fishermen and non-fishermen using
a difference-in-difference methodology. The main findings indicate significant differ-
ences between fishermen and the overall population. The first group were affected
more in the work and social security dimension for both disasters, but especially due
to the tsunami in the short and long-term. On the contrary, fishermen showed a
quicker recovery in the housing dimension and no significant effects on education.
Some policy guidelines are offered to tackle future disasters in the artisanal sector. I

also propose some ways to plan for post-disaster recovery in which fishermen’s well-



being is promoted.

Chapter 4 evaluates the effects of monitoring in fisheries management in combi-
nation with regulators for fishermen working in artisanal organisations. I focus on
the effects of fines, which are defined by the regulator and/or organisation, to induce
compliance with a quota. The questions in this chapter are: What do sceneries max-
imise fishermen’s enforcement and compliance? and What is the best sanction for
inducing compliance accounting for the minimum burden to fishermen?

Recent studies show that the enforcement and compliance decisions under the
TURFSs regime are particularly relevant for the Chilean case due to illegal fishing.
This research evaluates three theoretical models to identity the minimum fine to
reach the first best to induce compliance among organisations and fishermen with the
assigned quota. The first model considers exogenous monitoring in a static version,
whereas the second considers exogenous monitoring in a dynamic version. The third
model accounts for endogenous monitoring in a static version. The results show
that the extraction efforts are higher when fishermen work only with the artisanal
organisation. Moreover, the regulator’s fine is lower and the organisation’s fine is
higher when fishermen are working together with the organisation and the regulator.

Finally, Chapter 5 provides the main conclusions obtained from the three empirical

chapters worked through this thesis.






Chapter 2

Optimal Harvest Decisions under a
Dynamic Context: Chilean
artisanal Organisations’
management of the Territorial Use

Rights for Fisheries (TURFSs).

2.1 Introduction

An open access system underpinning the word’s fisheries in the last five decades has led
to an overexploitation of marine resources. As a result, some alternative regimes have
been implemented to achieve both fisheries’ recovery and more sustainable activity in
the future. The two regimes that are most commonly mentioned in the literature are
the individual fishing quotas system (IQs) and the territorial use rights for fisheries
(TURFSs), which grant rights to a group of individuals.

In the Chilean case, both regimes have been implemented to regulate the benthonic
resources exploitation. IQs were introduced in 1992, establishing a total allowable
catch (TAC) in each national region and splitting this into individual transferable
quotas among registered users. It was expected that a designated quota would reduce
overexploitation; however, 1Qs led to increases in the number of users, an illegal
trade in 1Qs and weak enforcement capability (Orensanz et al., 1998; Falcon, 2000).
To confront those negative outcomes of the IQs regime, in 1997 Chile introduced

the TURFs system as a solution to the increased depletion of marine resources. In



particular, the TURFs regime was implemented to regulate the harvesting of the most
important benthonic resource in Chile, the abalone, locally called “loco”.

As was expected according to international experiences, the TURFs regime al-
lowed a higher loco recovery rate in Chile, while also making artisanal fishery a more
sustainable activity (Stotz, 1997; Gelcich et al., 2007; Gonzalez et al., 2006; Can-
cino, 2007; Martin et al., 2010; Gelcich et al., 2010; Zuniga et al., 2010). Despite the
evidence showing the positive biological and economic effects of the implementation
of the TURFSs, there is a lack of knowledge related to those key factors affecting
the harvesting decisions made by Chilean artisanal organisations operating under the
territorial use rights for fisheries (TURFs). I contribute in this line, analysing the de-
terminants of the harvesting decisions made by artisanal organisations working under
the territorial use rights for fisheries (TURFSs), in the Chilean context.

My work explores the assumption that the artisanal organisations might harvest
less than the official approved quota, in order to have higher stocks and quotas in the
future. 1 develop a theoretical model through which artisanal organisations decide
their quantity of harvest, considering a two-period horizon. I hypothesise that fisher-
men strategically define their effort, which has an effect on harvests and stocks, in the
hope of maximising their pay-offs. In this regard, a dynamic model involving more
than one period of time and multiple variables related to the TURFs management
seems more accurate than a static model. This choice is supported by the idea that
fishermen harvesting decisions account for information on different periods of time in
order to increase their economic performance.

The predictions developed by the theoretical model include a positive effect of
higher assigned quotas on harvest; a positive effect on harvest due to increases in
the loco’s price; a positive effect on harvest due to higher resource stock; and a
positive effect of catchability (measured inversely by the effective area) on harvest.
To empirically test these predictions, a dataset was created using the annual report of
artisanal organisation, identifying similarities, differences and further steps to improve
the theoretical model according to how well it fits the data.

The empirical findings strongly support an association between assigned quotas



and harvest, reinforcing the biological gains of the TURF's introduction. The evidence
here also highlights a positive effect of resource stock on harvest, whereas estimations
show a negative impact of the loco’s price on harvest, with the exception when it is
controlled by degree of competition. The results show that catchability, measured by
an inverse relation of the size of the area as a proxy, is a significant variable for most
of the estimated models.

This paper first presents in section 2.2 a brief description of the TURFs regime
in Chile. This is followed by section 2.3, which is a literature overview based on
TURFs studies in Chile and elsewhere. Section 2.4 discusses the two-period model
of fishing. Subsequently, section 2.5 describes the database used to empirically test
the theoretical model and descriptive statics. Then section 2.6 is focused on the
empirical model, estimating those predictions supported by the theoretical model.
Finally, section 2.7 discusses the main results, highlighting the contribution of this

work, its limitations and further research.

2.2 The TURFSs system in Chile

Although Chile’s benthonic resources are extensive and diverse,! accounting for around
50 different species (Cancino, 2007; Gelcich et al., 2009), the most relevant fishery
operating under the TURFs system is the Chilean abalone, which is scientifically
known as Concholepas-Concholepas and locally named the loco. In fact, the overex-
ploitation that affected resources under open the access in the 1980s was the main
reason for introducing the TURFs system. Because the depletion of the loco was
clear in 1988, the Chilean authorities closed the fishery from August 1989 through to
December 1992. Instead of the loco’s recovery, this regulation brought increases in
illegal catching and economic vulnerability to those communities that depended on
this resource.

After 1992, the Chilean government introduced the benthonic extraction regime in

! Benthonic resources are defined as those “hydro-biological resources integrated by those species
of benthic invertebrates and algae” (Chilean Regulation for TURF 1995), being its extraction an
exclusive right for the artisanal organisations operating under TURFs system.



an effort to solve the problems created by the open access (Homans and Wilen, 1997).
Under this regime a total allowable catch (TAC) was established for each national re-
gion and this was split into individual quotas (IQs) among registered users. Regional
TACs were established, accounting for the size-based stock assessment; however, the
benthonic regime failed due to unsatisfactory assessments, increases in the number of
users, the illegal trade of IQs, a lack of incentive for conservation and weak enforce-
ment capability (Orensanz et al., 1998; Falcon, 2000). In 1997, the TURFs system
was implemented, together with open access to all registered fishermen in the region,
subject to resource specific regulations. In 1999, TURFs for the loco fishery coexisted
with IQs but in different places, leaving behind the open access modality. Finally, in
2000, fishing in the loco fishery was allowed only within the TURF's system, excluding
past regimes.

The Chilean authorities introduced the TURF's in 1997 after seeing its successful
outcomes at the international level in terms of both sustainability and economic per-
formance (Gonzalez et al., 2006; Cancino, 2007). The TURFs were locally named the
Management and Exploitation Areas of Benthonic Resources (AMERBs). Under this
regime, artisanal organisations have become exclusively responsible for managing the
exploitation of the natural resources enclosed in a specific geographical area.? Fig-
ure 2.1 summarises the administrative steps followed by those artisanal organisations

interested in managing an area under the TURFs regime.

2 Artisanal organisations are those operating through vessels length under 18 meters and loading
a maximum of 50 tons. The five-mile zone from the coast is reserved exclusively for artisanal fishery.
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Figure 2.1: Administrative steps to begin a TURFs

Fishermen’s artisanal SERNAPESCA SUBPESCA
organisation

‘l, Areas available

Proposal requiring an L Check formal TURFs' request
area (ESBA/PMEA) requirements evaluation

No Approves

it?

Sign an agreement for 4
years.

Artisanal organisation
operating under
TURFs system

Note: Prepared by the author based on regulations for TURFs.

Firstly, artisanal organisations design a proposal requesting a specific maritime
area from the National Fishery and Aquaculture Service (SERNAPESCA). Those
requested areas are predefined as available to exploit under the TURFs system by
the Fishery Under secretariat (SUBPESCA), which is responsible for fishery policy
making decisions. The proposal must contain a Baseline study (ESBA) and a Man-
agement and Exploitation Area Plan (PMEA), both of which are conducted by an
external consultant agency and include a broader range of biological, organisational
and economical informative indicators.

The TURFSs claim is submitted by the artisanal organisations to SERNAPESCA|
which checks that every formal requirement has been fulfilled. If the claim is com-
pleted, SERNAPESCA passes the information to SUBPESCA, which finally rejects
or approves the organisational rights over the area required. In the first case, a re-
jected claim comes back to the artisanal organisation applicant in order to make
modifications or clarifications before a second request round. In the second case, an
approved request implies that the artisanal organisation has obtained renewable and
non-transferable rights for four years. They must write an annual report stating the
total or partial fulfilment of their originally proposed ESBA and PMEA and pay an
annual fee for the rights acquired.

Figure 2.2 summarises the annual timeline for the assignation of quotas to those

organisations responsible for one or more TURFSs. Firstly, TURFs are directly eval-
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uated in terms of the stock abundance, and the size and weight of the resources for
each area. That evaluation is made by an external consultant and reported in a doc-
ument. Secondly, the consultant proposes an extraction quota for a specific period
based on the previous biological evaluation of the area. This quota is required by
the responsible national authority, SUBPESCA. Thirdly, SUBPESCA approves or
modifies the proposed quota required by the artisanal organisations. Once the quota
has been determined, the artisanal organisation defines its extraction strategy, which
may be to harvest to the level of the quota, or a part of the quota, or not to har-
vest. The organisations are free to choose where and when they sell their resources,
although most of them are sold in the local market. Finally, after each period, each
organisation operating under TURFs must submit a report detailing its extractions

activity to SUBPESCA.

Figure 2.2: Timeline for quota’s assignation

Stock evaluation Quota
by an external approved/modified
consultant. by SUBPESCA

. Extraction of Report to
to SUBPESCA by extraction strategy resources SUBPFSCA
by organisation submitted

Quota requested Definition of
organisations

Sale of extracted
resources

Note: Prepared by the author based on regulations for TURFs.

Despite a higher diversity of benthonic resources in Chile, the TURFs system is
mainly operating for the loco. Compared to other resources, the loco is the only
resource that is completely regulated by the TURFs system, having been broadly
recovered and conserved from 2003 to the present (Gonzalez et al., 2006; Gelcich
et al., 2007). According to SERNAPESCA (2015) loco extraction represents 60.35%
of the total benthonic resources extracted by TURFSs at the national level and 87.82%
for the Lagos region. In this regard, this paper is focused on those factors affecting

loco harvesting decisions made by the artisanal organisations operating in the Lagos
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Region.?

In the context of loco fishery, an interesting fact to take into account in the harvest-
ing decisions analysis is that the average amount of loco harvested was systemically
lower than the official approved quotas from 2004 to 2015 in the Lagos region. Figure
2.3 shows both the annual average per harvest and the approved quota calculated
among all of the TURFs’ assets per year. The information is based on the annual
reports of artisanal organisations provided by SUBPESCA for the years 2004-2015 in
the Lagos region. The data show a gap between the loco harvested and the approved
quota, suggesting that no over-catching occurs for the loco fishery operating in that
region.

Figure 2.3: Approved quota and harvest in the Loco Fishery under TURF's with 95%
Confidence Interval, 2004-2015.

(=]
(=]

-
m

=
o
=1

=
=

[y

Units of Loco
{inThousands)

=

mll

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Years
Quota (Mean) Harves (Mean)

Note: Prepared by the author based on SERNAPESCA for the Lagos region

In particular, the data highlight a decrease in the average approved quota and the
average harvest at the beginning of the period studied, between 2004 and 2007, from
154 thousand to 93 thousand units of loco in the case of the average approved quota
and from 135 thousand to 77 thousand units of loco for the average harvest. Moreover,

from 2007 onwards, the data reveal relative stability in regard to the abundance of the

3Chile is divided into 15 regions, which are the country’s first-level administrative division. The
regions are divided into provinces and then into communes. A commune is the smallest administra-
tive subdivision in Chile. It may contain cities, towns, villages, hamlets as well as rural areas. A
commune could have several TURF's.

13



resource over time. The average approved quota moved between 100 thousand and
120 thousand units for the period 2007 to 2015, whereas the average harvest reached
around 80 thousand units for the period 2007 to 2013 and around 100 thousand units
for 2014 and 2015. In overall terms, the introduction of TURFs in the loco fishery has
been positive for the sustainability and conservation of the loco; nevertheless, it is a
challenge to identify how this regime has also impacted on other dimensions beyond
the biological aspect.

According to the national report (SERNAPESCA, 2016), artisanal organisations,
vessel number and fishermen are mainly concentrated in the Los Lagos region, with
a 35%, 32% and 37% respectively of the total nationwide. In the next section a

literature review is offered to underpin the contribution of the present work.

2.3 Literature Review

A review of the studies focused on the TURF's system reveals a greater emphasis on
empirical rather than theoretical approaches. Most of the empirical research has been
focused on the biological gains obtained through the TURFSs in contrast to previous
regimes such as open access or I'TQs. The main explanation is that cooperative har-
vesting activities lead to more sustainable extraction behaviour and a responsible use
of the resources (Moffitt and Cajas-Cano, 2014; Schlager and Ostrom, 1992; Deacon,
2012; Quynh et al., 2017).

Taking into account the biological gains obtained by the TURFs, fishery research
has moved to identify those basic conditions that are necesary for greater TURFs ef-
fectiveness. The effectiveness of the TURFSs in achieving sustainable fishing practices
has been evaluated through three dimensions: biological (measured by target and
non-target fish stock conditions); economic (evaluated by fish catch, fish price, fish-
ing effort and income); and social (including the level of cooperation among fishermen,
aid to fishermens families and the level of trust between fishermen and governmen-
tal institutions). There is some consensus that TURFs seems to be more suitable

for sedentary species because the mobility of some resources limits its effectiveness
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(Criddle et al., 2001; White and Costello, 2011). TURFs can bring economic bene-
fits to users, increasing prices and incomes because the programmed harvest allows
resources to be sold at higher prices. Moreover, greater cooperation between organi-
sations positively influences local resource conservation and reduces disputes among
users (Molares and Freire, 2003).

Wilen et al. (2012) summarise four basic conditions to ensure effective TURF'S’
performance. Firstly, an exclusive and closed class of users should be identified as
“insiders”, incentivising investments in the TURF's because no entry for other fish-
ermen is allowed. A second condition is the ability of the members of the TURFs
to enforce the boundaries against illegal actions in the area beyond the well or badly
established rules of national law controlling poaching practices. A third feature found
in successful TURF's is the capacity for adopting internal coordination and distribu-
tive strategies to give adequate incentives to those members involved in the TURFs
management. Finally, territorial rights ceded for long periods of time incentivise users
to invest in the area, as they can confidently expect future pay-offs, and therefore a
sufficient duration of rights should be granted. The loco resource is mainly static, so
that should be good in terms of TURFs implementing these conditions.

The literature also suggests that TURF's are a flexible management tool because
multiple fishery features such as several species and unreliable biomass can be con-
trolled in a specific territorial space (Deacon, 2012; Quynh et al., 2017; Gelcich et al.,
2009). Nevertheless, better outcomes have been obtained in small-scale fisheries with
ill-defined property rights; areas based on sedentary species; and areas managed by
communities rather than governmental agencies.

In methodological terms, Quynh et al. (2017) highlight the importance of under-
taking analysis beyond the perceptions of fishermen, an dinvolving biological, eco-
nomic and social dimensions in a multidimensional approach rather than a separate
analysis. Moreover, the majority of the empirical studies have employed a simple
statistical analysis except for some efforts to apply discrete time deterministic models
(Criddle et al., 2001), multivariate analysis (Gelcich et al., 2008, 2012) and covariate

matching methods (Uchida et al., 2012). I contribute by using a two stage dynamic
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model, evaluating an optimal harvesting quota as a pioneering study in the Chilean
case.

A review of the empirical studies based on the Chilean TURFs management
reveals a strong consensus on the positive effects of this system. It has increased
the loco’s abundance, measured by the average density of locos per square metre
(Gonzélez et al., 2006). In other cases, the positive impact of the TURFs on the
loco’s stock has been evidenced by comparing this regime with the previous ones
(Stotz, 1997; Martin et al., 2010; Gelcich et al., 2010). Moreover, there is evidence
of the positive effect of the TURFSs in terms of stabilising or even increasing the
stock of the loco over time (Cancino, 2007) and giving incentives to users to behave
consistently with conservation preventing over-catching (Aburto et al., 2013).

Some studies have analysed the effect of the TURFs system on income perfor-
mance. Most of them have analysed how this regime has affected the loco’s prices
and the fishermen’s incomes. For example, it is known that the price paid per ton
of loco has significantly increased since the implementation of the TURFs, and is
higher compared with prices under open access (Defeo and Castilla, 2005; Gelcich
et al., 2007). In other cases, findings suggest that the resource price, effective area,
other resources present in the area, the organisation’s age and the experience of the
organisational leaders are the most significant variables that influence the TURF's
economic performance (Sobenes and Chavez, 2007).

Similarly, Gelcich et al. (2007) found that the economic performance of TURFs
is improved by a higher loco price, the size of the resource and the number of buy-
ers. Likewise, studies argue that the economic performance mainly depends on how
productive the area is, in terms of the abundance of the resources; therefore, an or-
ganisation with one or more assigned productive areas will have more profits than
those organisations with areas that are less productive in terms of volume and/or
quality of the species extracted (Castilla, 2000; Chavez et al., 2010).

Although the biological and economic effect of the TURFs on the loco fishery have
been emphasised in the Chilean research, they are not different from the international

trend. According to Quynh et al. (2017), the majority of TURF's studies have been
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concerned with these dimensions, omitting other aspects related to the TURFs” man-
agement. For example, in the Chilean case, some conflicts between governmental
agencies and traditional users have increased since the introduction of the TURFs
(Orensanz and Parma, 2010). In other cases, greater competing problems over access
and control over coastal resources between organisations have been detected (Gal-
lardo Ferndndez and Friman, 2010) as well as the erosion of traditional practices by
the fishing community after the establishment of TURFs (Gelcich et al., 2007). Poor
organisational capabilities in terms of managing TURFSs effectively have also been
pointed out as organisational features that negatively affect economic performance
(Barriga et al., 2007; Martin et al., 2010; Rosas et al., 2014).

The summary of the literature previously described in TURFs highlights the need
to shift from traditional biological and economic performance measurements to a
better understanding of how TURFs are managed internally by users. I pay special
attention to how artisanal organisations establish their optimal harvest, assuming
that those harvesting decisions occur in a complex context in which several variables
are taken into account.

Studies addressing a similar aim were found only at a theoretical level. For ex-
ample, Sethi and Somanathan (1996) developed a theoretical model based on the
evolutionary game theory framework in order to determine the dominant extractive
strategy in a context of commonly owned renewable resources. Later, Bjorndal and
Munro (2001) proposed a dynamic model to identify those strategies oriented towards
maximising fishermen’s pay-offs while operating under open access. In both studies,
the theoretical models are based on non-cooperative harvesting systems and use indi-
vidual agents as the unit of analysis. In contrast, I develop a theoretical model that
accounts for artisanal organisations as the key agents.

Other theoretical studies focused on defining an optimal harvesting strategy have
examined changes in harvesting decisions according to several prawn stock sizes and
effort (Dichmont et al., 2008) as well as the income from catches and the costs of the
effort (Doyen et al., 2013). Considering these studies, the model proposed includes a

profit function to determine the optimal harvest depending on the effort and stock.
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Nevertheless, instead of a linear estimation of future efforts, such as that in Dichmont
et al.’s work (2008), I use a dynamic stock function, taking into account the fact that
the future stock depends on the current fishing effort. I propose that harvesting
decisions in the TURFs context are made involving key information from more than
one period of time. Additionally, I also consider the recommendation proposed by
Doyen et al. (2013) about using the maximum sustainable yield (MSY) as a constraint
in any model testing optimal harvesting decisions. I involve as a constraint the
maximum quota approved by the Chilean Government; therefore, the model allows
an optimal harvest measured in two stages at the organisational level, accounting for

a dynamic stock and the maximum approved quota as a constraint.

2.4 Theoretical Model

In this section, I describe a two-stage model to determine the optimal effort made by
artisanal organisations, making their decisions in a dynamic context. Using Perman
et al. (2011) as a baseline model, I define harvest as a function of stock and effort,
and dynamic stock as a function of natural growth and harvest. The model has two
stages in which organisations define their optimal strategy for the present period and
for the next one. In other words, the artisanal organisations take into account that
their strategy for the first period will affect the evolution of the stock available for
their future harvest.

Organisations maximise their profit function for period 1 (current) and the next
period (brought to at present value) defining an optimal harvest for each period. The
harvest should be equal to or less than the quota defined by the government. It is
solved by backward induction.

The fish stock at the initial time is given by S;. In period ¢, ¢t = 1,2, the stock
changes according to:

Sir1 = St + Gi(Sy) — Hi( Xy, Sy), (2.1)

where G, is natural growth, H; is harvest and X; is fishing effort. The natural

growth rate of replacement (G;) is a logistic biological function, which is a standard
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assumption and it depends on S; according to:

S
Gt(st) = 9t<1 — S ¢ >St7 (22)

where 5,4, represents the maximum stock size that can be supported in the envi-
ronmental milieu and g; is the potential growth rate of the population. Figure 2.4
shows the relationship between stock and the natural growth rate. The maximum
sustainable yield (MSY) is obtained when the curve reaches its maximum point at

SMSY - Smax/Q-

Figure 2.4: Natural Growth

G(S)k
MSY
0 SMS‘Y Smax ;
Harvest is a function of effort and stock level as below:
Ht(Xt7 St) = etXtSt, (23)
where e; represents the catchability.
Substituting (2.2) and (2.3) into (2.1) yields:
_ Sy = _
S2 = Sl + 91(1 - S )Sl — €1X151. (24)
with:
dSs _
— = —¢;51 <0 2.5
ax, o (2:5)
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It is assumed:

Sl + 0 (1 — =5 (26)

From (2.4), we can see that even if X; = 0, the second period stock Sy is still
below Syrsy = Spmaz/2 and growth is still increasing in the stock, as Figure 2.4 shows.

One of the main goals for Chilean fisheries management is to promote the sus-
tainable development of fishing. Therefore, it is assumed that the quota H, is set at
or below the sustainable level, which means that the stock for the second period is
at least the same as for the first one (S;;1 > S;). In harvest terms this implies that
Hi(Xy,S;) < Gi(S;). Then the quota is the maximum between zero and the natural

growth multiplied by a constant a; € [0, 1]. Thus, the quota constraint is:
Ht S Ht = mafE(O, O{th(St)). (27)

The harvesting cost C; used has a standard definition in the fishery models, and
is a linear function of effort:

Ct = 'LUtXt (28)

where w; is the unit cost of effort.

The organisation’s profit function in each period t is given by
Ty = Pth(Xt, St) - Ct(Xt) = ptetXtSt — w Xy (2-9)

Where p, represents the price at time ¢. The second equality follows from (2.3) and
(2.8).
The fishery organisation maximises the discounted sum of the profits (equation

2.9) over the two periods, where (5 is the discount factor:

max m = plelegl — w1X1 -+ ﬁ(pgerQSQ — U}QXQ) (210)

X1,X2

subject to (2.4) and (2.7).
There will only be fishing if the profit margin in each period dm/0X; in (2.9) is
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positive. To ensure that this is the case in periods 1 and 2 respectively, I assume

that:
0 _
3_;?1 =preSy —w; >0 (2.11)
P2€1 [51 —+ (1 — al)G(Sl)] — Wo > 0 (212)

Condition (2.11) is a necessary condition for X; > 0 for period one, but not
sufficient, because the effort in period one negatively affects the profit in period two.
From (2.4) and (2.7), the LHS of (2.12) is the profit margin in period two in the
worst-case scenario where fishing in period 1 is up to the quota. Then, condition

(2.12) is a sufficient condition for Xy > 0.

2.4.1 In stage 2

Differentiating the stage-two profits from (2.9) with respect to effort Xy yields:

871'2
22 = paesSy —wy > 0
X, P2€202 — W2

The above inequality follows from (2.3), (2.4), (2.7) and (2.12). Thus in stage two
the organisation maximises its profit by fishing up to the quota. Substituting the
functions given for harvest from equation (2.3) and the growth rate from equation

(2.2) into the quota equation (2.7), the relation can be rearranged to give:

S
€2X252 = (x2g2 (]_ - IS 2 > SQ. (213)

The optimal effort for the second period is then:

S
XSZQQCYQ (1_ 2 )

€2 Smax

Substituting (2.4) yields:

X = (2.14)

ga0v (1 ~Si4+G(S) - 61X1§1)

€2 Smax
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Therefore, the harvest for period two is obtained from (2.3), (2.4) and (2.14):

S, +g1(1 _ & )51 — X5

* Smaz = S — —
H2 292@2<1— S )(Sl _'_91(1_ S ! >Sl —€1X1S1)
(2.15)
Substituting (2.3) into (2.9), the period-2 profits can be written as:
woH5
mo(H3, Sy) = poHy — —2 (2.16)
8252
with Hj given by (2.15) and:
87T2(H5, SQ) W2
— = -—>0 2.17
8H§‘ b2 6252 ( )
8’/T2<H5, SQ) ’LUQF[%<
—_— = >0 2.18
852 628% ( )

The inequality in (2.17) follows from (2.12).

2.4.2 In stage 1

In stage one, the fishery maximises the discounted sum of the profits (2.10) over the

two periods:

dm . 87T1(X1) X ﬁ|:67T2(H2,SQ) dH2 4 8#2(1{2,5’2) d52i| -
dX, n 0X, 0H, dXy 0S5 dX, n
a7T1(X1) 872(172,52) 8H2 3772(H2752) dSs
_ - = 2.1
ox, P [ o, 08, 05 } ax, (2.19)
——— —_——— —

The second equality follows from Hj = H, and (2.7). The signs of the derivatives
follow from (2.11), (2.17), (2.2) and (2.6), (2.18), (2.5) respectively.

This shows that the effort in the first period (X;) has an effect in both periods.
The period-1 profit is increasing in fishing effort. However, more harvesting in period
one reduces the stock in period two. That decreases the period-2 profits in two ways.
Firstly, less stock means a lower quota. Secondly, less stock means that more effort

is needed to catch a given amount of resources.
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Substituting (2.2), (2.5), (2.11), (2.17) and (2.18) into (2.19) yields:

dm = W2 / wyHj
d_X1 = (p1e1S1 —wp) + 3 [(m - E)OQGQ(SQ) + 625222 } (—e151) =0 (2.20)
Solving for the variable X gives:
i" = %_ [elplgl — Wy — F(ﬂ - QG(S’l) - 25’1 + Smaac)} (221)
2[3€3g2002p2 ST €22
where,
I — 561920425'1102_
S’max 7

and X7 represents the optimal effort for the first period. Then, substituting equation
(2.21) into equation (2.3) gives:

Smaac & Wa _ _
H =——#6/——-——|empiS; —w; —T'(—— —2G(5;) — 251 + Siaz 2.22
! 256192042]?251 P11 ' (62102 ( 1) ! >] ( )

This represents the optimal harvest for period one in terms of the parameters.

2.4.3 Interior Solution

In this subsection I examine the conditions for the existence of an interior solution
0< H, < H = alGl(gl) for harvest in period one. In terms of fishing effort, this
implies that 0 < X; < a;G1(S1)/(e1S1) by (2.3). From (2.20), the condition for
X; > 0is:

dm _ _ _ Wo
= = - (25, +2 — -2
|, mresiws (251 +26(8) = Suas) = ] > 0
From (2.20), the condition for X; < a1G1(S;)/(e151) is:
dm — — = Wao
— = S — I'i(1- 251+ 2G(S1) — Smaz) — ——| <0
X, R pie1S1 — wy + [( a1)(251 +2G(S5) ) 62p2]
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Therefore, there is an interior solution for X; if and only if the inequalities above
hold. This means that for X; = 0 there is no harvest at all in the first period, and
thus the stock will be larger for the second one. X; = a1G1(S1)/(e1.S1) means that
the harvest is at the same level as the approved quota, and accordingly the stock for
the second period will be equal to that in the first one if oy = 1.

If H, = H;, then the stock for the second period should be at the maximum
S14+ (1 —a1)Gy = Sysy and ap =1 — SMSG—YI_Sl This means that when S; tends to
be equal to Sy;sy, a1 should be equal to one.

In order to illustrate graphically the interior solution, equation (2.22) is rewritten

in the form H;(S1) = aS; 4 bS; +¢/S1 + d, where the coefficients of the equation are:

a=— g
Smaz’
b=g+1;
Smax
c= —wl—; and
2Be1g202p2
d Smaxpl W2 Smax

 2Bga09ps C 2eapy 2

From (2.7), the constraint is given by H, = a1 <1 — Si;)&. When a; = 1, the
harvest constraint is equal to the natural growth H, = G(S)).

The following parameters give a numerical example of the interior solution for
period one, but this example also works with different numbers. § = 0.9; p; = ps = 4;
er=e =1 w =wy =3; g1 =g =3; a1 = ay = 1; and 5,,,, = 10. From condition

(2.11), S; should be larger than 3/4. Figure 2.5 illustrates the harvest function and

harvest constraint.
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Figure 2.5: Harvest function for the first period

H _
1 H,(S)
a,G(S) /
S EQS ST s §

Note: Plots of harvest and growth as a function of Sy, while the other parameters remain fixed.

The black line represents the solutions.

Figure 2.5 shows the three solutions for the first harvest period: First, H; = 0 for
the interval S; € [3/4,S" = 1.27], which represents a corner solution, meaning that
the organisation does not harvest at all because the level of stock is too low; second,
for the interval S; € (S}, S = 3.88], the harvest is according to the function H,(S)),
which represents an interior solution; and third, the harvest is given by a;G1(S))
for the final interval S; € (S;, Sysy], which is a corner solution, meaning that the
organisation harvests at the same level as the quota strictness. Intuitively, for low
stock levels S, the stock’s growth G’(S) is higher; therefore, it will generate a greater
abundance of resources and a higher quota for the second period. These solutions are

represented by the black line in the figure above.

2.4.4 Comparative Statics

In this section, I calculate the effects of changes in the parameters on the level of
harvest using a first order condition of harvest (equations (2.15) and (2.22)) and the
parameters: quota strictness (measured through a; in equation (2.7)), price, stock

and catchability for each period. These relationships are empirically examined in the
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next sections.

Comparative statics on quota strictness

In the first period, Hf from equation (2.22) represents an interior solution, which is
not a function of quota strictness in the first period. Therefore, the partial derivative
is equal to zero, which means that the harvest is not restricted by the quota strictness

in period one.

0H,

1 _9y
8041

In the second period, from (2.15) differentiating harvest with respect to as:

)Sa + azge(1 —

255 [ Smaz

_ S — >0

Smax

>0

The first term on the right hand side represents the growth in stock for the second
period and the second term shows the quota for the second period multiplying a
fraction of the profit for the first period. Both terms are positive, since Sy < Sp00/2.
This intuitively implies that an increase in the quota share in the second period

increases the harvest for the second period.

Comparative statics on price

From (2.22), the derivative of harvest function with respect to the price (in the first

period) is positive:

a11——[1 Smaz

= >0
Ip, 2B0agaps

From (2.7), (2.4) and (2.21), the derivative of harvest in the second period with

respect to the price in the previous period is:

0H, B 0Hy 055 0X,
Opy B 0S5y 0X, Op

Smaac

= G (Sy)(—e, 5y ) ——mar
@ ( 2)( “ 1)25062619229251 =

0
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Since Sy < Spae/2 and G'(S3) > 0, this implies that 05;/0X; is negative, and
therefore 0H,/0p; is negative.

Thus the partial derivative of harvest in the second period related to the price in
the first one is negative, but in the first period, price has a positive effect on harvest.
Intuitively, an increase in price p; produces two effects on the harvest. On the one
hand, it produces a direct (positive) effect, because it increases the marginal effect
per unit. On the other hand, it produces an indirect (negative) effect on the harvest
for the second period, since p; increases the effort in period one, and that effort in

turn reduces the stock for period two.

From (2.15) and (2.21), using the chain rule for H, with respect to price in the

second period gives:

0H, B 0H, 0X, B 1
Opa B 0X1 Opy B 256162]9%5152

max

(_25%91 - 52 + 2515771&:1: + 2glglsmaar

max

- 251X1€15maz)(€2w15max - 61€2plglsmax + 5(1261925111)2)

The numerator of the fraction involves positive and negative terms; therefore without

further restriction it would not be possible to determine the sign of the ratio.

Comparative statics on stock

From equation (2.22) in the first period, the derivative is positive since S; < Syaz/2.

OH SmazW 25
L - 5 +g1(1— 1)+1>0
051 25042%9217251 max
>0

From (2.3) and (2.14), the derivative of harvest in the second period is:

OH. S. -1 28
8_822 = goara(1 — Smix) + 9204252(Smax) = goara (1 — Sm;) >0
>0
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Since Sy < Spuaz/2, the relationship between harvest and stock is positive for the
second period.

The partial derivatives of harvest with respect to the stock are positive in both
periods. Since the harvest is a direct function of the stock, the implication is that
and an increase in the stock has a direct (positive) effect on the quota and then on

the harvest, for both periods. This implies that this effect is ambiguous.

Comparative statics on catchability

From equation (2.22), the derivative of harvest with respect to catchability is positive

in the first period, because all of the parameters in the fraction are positive:

a]¥1 o Smaxwl
dey 2504392]92516%

>0

However, from (2.7), (2.4) and (2.21), the derivative of harvest with respect to

catchability is negative in period 2. It is given by:

OH,  0H, 05, 0X,

= G (Sy)(—e18)) ——2—
ey 0S5 0X, Oey = G (52)(—e151) <0

2616329251

Since Sy < Spaz/2 and G'(S) > 0, OHs/Jey is negative.

In relation to the catchability parameter, the results change through the periods.
Although catchability has a positive effect in the first period, this changes to a nega-
tive effect in the second period due to endogeneity in the quota strictness. Intuitively,
an increase in the catchability produces two different effects on the harvest: on the
one hand, the harvest in the first period increases in the catchability in the first pe-
riod ( ey), this result suggests that for a higher catchability less effort is needed to
catch a certain amount of fish. On the other hand, e; produces an increase in the
effort, X; this is because fisherman knows that in period one that the catchability
will change contrary in the period two, which implies a decrease in the stock for the

second period.
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2.4.5 Predictions

The predictions examined by the later empirical model are based on the comparative
statics from the first period, because it was assumed that the fishermen take future
effects into account. Four predictions are examined:

I expect a positive effect of higher assigned quotas on harvest, because the quota
is measured through the coefficient alpha, which represents a proportion of the maxi-
mum sustainable yield for the area and it has a positive marginal effect on the harvest
in both periods.

I expect an increase in the loco’s price has a positive effect on the harvest, because
harvest has a direct and positive relationship with price in the first period.

I expect that higher resource stock increases the organisation’s harvest. As it
was previously assumed that Sy < S,,../2, the partial derivative of the harvest with
respect to the stock has a positive impact in both periods analysed. That means that
stock has a positive effect on harvest in both cases, when it is directly measured and
when it is measured through the variable effort in the second period.

I expect that catchability has a positive effect on the harvest (effective area of
the TURFs) even though the comparative statistic differs as a consequence of an

endogenous quota in the second period.

2.5 Data and Descriptive Statics

Datasets were requested through the information transparency online platform* man-
aged by the Undersecretariat (SUBPESCA) and the National Service of Fisheries
(SERNAPESCA).

The Undersecretariat for fisheries (SUBPESCA) stores three types of information:
the Baseline studies (ESBA), the annual organisational reports, and official statistics
from SERNAPESCA. The ESBA studies contain panel data for 108 organisations
operating under TURFs in the Lagos Region from 2004 to 2015. In the second case,

a total of 687 annual reports give information on all of the organisations operating

‘www.portaltransparencia.cl
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under TURFSs in the same region from 2004 to 2015. The information covered by these
reports includes the number of members and their roles, the harvest level, biomass
analysis, effective area, average resource size, TURFs economic performance, and the
requested and approved quota, among others. This information was provided as pdf
files, which were transcribed into a Stata database file. Finally, SUBPESCA gives
information about the average beach and industrial loco price for 2004 to 2015.

The National Service of Fisheries (SERNAPESCA) also manages data includ-
ing information on artisanal fishermen, area identification, and harvest destination.
The Artisanal Fishing Register (RPA) contains data such as RPA number, names of
fishermen, as well as their unique tributary number (RUT), address, birth date, sec-
tor, city, and fisherman category. Similarly, SERNAPESCA also stores organisational
information such as the organisation’s name, address, legal representative person, reg-
istration date, date of incorporation and number of members. Finally, other specific
TURFs data available from 1996 to 2008 includes the code area and name, resource,
destination type, destination name, destination plant code (if applicable) and trade
name destination (if applicable). Additionally, data from the census 2005 developed
by the National Institute of Statistics (INE) of Chile was used to obtain the total
population for each locality.

The data for an unbalanced panel were obtained from 69 artisanal organisations
managing the loco under the TURF's regime in the Lagos Region. Table 2.1 provides
a summary of the descriptive statistics for a group of key variables.

It is interesting to note that the approved quota, price, and stock show a within
standard deviation that is higher than that between artisanal organisations. This
feature suggest that the main variation occurs over time rather than organisations.
Moreover, catchability has a between standard deviation higher than within artisanal
organisations, indicating that the main variation is between organisations rather than
over time. In addition, an analysis of the overall standard deviation indicates that
the loco’s price, the average loco’s size and the area size have a lower dispersion in
contrast to the stock and the approved quota. Other organisational features show

that artisanal organisations have an average of 57 members and manage around two

30



TURFs. There is not official information available on the illegal catch, this might
impact on the stock available in the area. However, the stock is evaluated each period

by the Government to define the new quota.

Table 2.1: Descriptive Statistics

Variable Mean  Std. Dev. Min Max Obs.

Harvest overall ~ 92.956 86.854 0 587.140 524
(thousand units) between 16.835
within 85.605

Quota overall  111.505 98.564 0 613.929 653
(thousand units) between 18.266
within 97.399

Price overall 662.106  325.447 202 2023 402
(Chilean pesos)  between 219.773
within 254.674

Stock overall 461.838 638.838 2.758 8577.508 623
(thousand units) between 116.204
within 632.304
within 656.156

Catchability overall  0.023 0.024  0.002  0.160 662
(hectares™) between 0.024
within 0.006

Note: Author’s calculation of annual reports for artisanal organisations data,
in the X region, for the period 2004-2015.

2.6 Empirical Model

An empirical model is estimated to determine those aspects influencing harvesting
decisions underpinned by the assumptions in the theoretical section. The theoretical
model suggests a set of predictions to be empirically tested. The present section uses
a baseline model and different robustness checks on harvest, quotas, resource stocks
and prices, putting the theory into practice.

Harvest level is understood here as an organisational management decision proxy,
defined as a dependent variable. It denotes a sub-index ¢ for organisation level as the
unit of analysis, a sub-index j for the TURFSs level and ¢ for the time, from 2004 to
2015.

From the theoretical model, a set of independent variables on harvest are included
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in the model: the approved quota by the Government, the price of the resource, and

the stock and the size of the area as a proxy of catchability.

2.6.1 Baseline estimations

The empirical baseline model is represented by equation (2.23), which shows the

harvesting decisions at the organisational level.

In(Harvest;;1) = Bo + Prln(Quota;jr) + Baln(Price;j:) + Psln(Stockjt)

+B4ln(Catchijt) + 55(5{/ + ﬁ6)\ij + 5ijt (223)

Where Harvest,j; represents the total harvest of loco per year ¢, in organisation
¢, managing TURF j; Quota;;; is the approved quota by the Government for each
year; Price;;; shows the real price of the loco;” Stock;j; is the number of locos in
the TURFs per year; Catch;j;; represents the catchability in the area defined as an
inverse function of the area (1/area); and e;;; is the error term. In order to obtain
the elasticities in the estimations, a natural logarithm was applied on these variables.
Time fixed effect d; to capture year specific effects; and pairwise fixed effect \;;, which
captures the relationship between organisation and fishermen.

Table 2.2 shows the correlations between the key variables involved in the regres-
sion models. All of them have an acceptable level of association; however the highest

correlation occurs between approved quota and stock.

Table 2.2: Correlations

Quota Price Stock Catchability

Quota 1.000

Price 0.058  1.000

Stock 0.508  0.064 1.000
Catchability -0.329 -0.096 -0.248 1.000

Note: Author’s calculation of annual reports for artisanal organisations data.

Table 2.3 shows different regressions with a fixed effect to isolate the effect of the

5Using consumer price index 2009 as baseline, from the Chilean Central Bank.
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correlation between approved quota and stock. The first estimation contains all of
the variables; the second runs without the variable approved quota; and finally the
third one excludes the stock variable. Regressions are carried out through Ordinary
Least Squares (OLS) as a baseline model without fixed effects, then a pairwise fixed

effects model, and a time/pairwise fixed effects.

Table 2.3: Baseline Estimations

Dependent variable: Harvest

(1) (2) (3) (4) (5)

Quota  0.921%FF 0.975%%%  0.727FFF  (0.770%%*
(0.053) (0.032)  (0.074)  (0.066)
Price “0.162%%  -0.202%FF  -0.132%%  -0.207%FF  -0.131
(0.063)  (0.077)  (0.063)  (0.071)  (0.087)
Stock 0.059  0.694%%* 0.052 0.016
(0.048)  (0.053) (0.053)  (0.050)

Catchability ~ 0.014 0.039 0.007  0.278*%  0.114
(0.043)  (0.062)  (0.042)  (0.130)  (0.122)

N 373 373 397 373 373

R-sq 0.755 0.557 0.749 0.856 0.878
Pairwise FEs yes yes
Time FEs yes

Note: Estimated standard errors are in parentheses. *,** and *** represents
significant values at 10%, 5% and 1% respectively.

The first column in the table 2.3 shows an OLS model, suggesting that harvest
is positively and significantly influenced by the governmental approved quota. More-
over, negative and significant effects on harvest were found as a result of the loco
price.

The value of the coefficient related to the variable quota (f;) is 0.921, which
suggests that a change of a 1% in the quota has an impact of 0.921% on the harvest.
In the same way, the price has an effect of -0.162% on harvest when they change by
a 1%.

The second and third estimations were tested including only one of the indepen-
dent variables which are highly correlated. The second model excluded the impact
of the approved quota on harvest and the third model omitted the available stock of

loco. Contrasting the two models, the stock remains positive and has a significant
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effect on harvest in the second model as well as the approved quota in the third
one. Nevertheless, the overall variance explained for both models suggests that the
approved quota has a higher effect on harvest than the available stock.

The fourth estimation is controlled by a pairwise fixed effect, in order to capture
those characteristics that might affect the harvesting decisions across organisations.
Similar to the baseline estimation in the first column, a positive and significant effect
on harvest by quota and a negative effect by price were found. Additional, catcha-
bility shows significance and a positive effect on harvest. These variations might be
explained by some bias in the baseline model, which was better adjusted by the fixed
effects model.

In the last model, a time fixed effect is included in order to control for time
features. Similar to the baseline model, quota has significant effect on harvest. The
results suggest that despite the time effect, the quota is always a relevant variable
affecting harvesting decisions. However, price and catchability lose significance when
time fixed effect is added.

Contrasting all of the models, the quota and price continue to have a significant
effect on harvest in almost all of them. Catchability has a significant and positive
effect on harvest when the model is controlled by pairwise fixed effect, whereas stock
significantly and positively affects harvest when quota is dropped from the estima-
tions. The models estimated suggest that the approved quota has a higher effect on
harvest than the rest of the variables.

The variables quota, stock and catchability are according to the theoretical model
predictions in almost all of the models estimated. However, price shows the oppo-
site effect to the theoretical predictions, which means that price has a negative and
significant effect on the harvest for all of the regressions estimated.

A degree of competition and its interaction with the price is evaluated in the
model as an exploratory element; this is due to the fact that organisations working
under the TURF's system usually sell their products in oligopolistic markets. Then,
the degree of competition is defined as the number of organisations divided by the

number of inhabitants in the locality. The results show that there is a positive and
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significant effect of the interaction of the degree of competition and the price on the
harvest. This means that the price has a less negative influence when the organisation
belongs to a more competitive location. These estimations are detailed in Appendix

Al

2.6.2 Robustness checks

The robustness checks are done in three ways to analyse more deeply the relationship
between harvesting decision and quotas. Firstly, I use the ratio between harvest and
quota as the dependent variable, in order to investigate how bunched this ratio can be;
second, a dummy variable is used as a dependent variable to ascertain the probability
of being bunched in one; and third, an 2LSL model is estimated to analyse quota as
an endogenous variable.

In order to analyse the relationship between the level of harvest and the approved
quota, a histogram is shown below. The x-axis shows the ratio of harvest over ap-
proved quota and the y-axis reflects the frequency of the ratio for the whole sample
accounted for in the baseline estimations.

Figure 2.6: Histogram
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harvest/quota ratio

Figure 2.6 clearly shows that the harvest/approved quota ratio is bunched on one;
therefore, the harvest is highly concentrated at the same level as the approved quota.

The data indicate that 40.29% of the harvest over approved quota ratio is concentrated
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between the interval [0.91,1]. A few ratios are above value 1, that implies they are
harvesting above the allowed quota. However, the ratios are mainly below value 1,
which is reliable with the figure 2.3, meaning that on average they harvest less than the
allowed quota. In order to clarify those relationships, three robustness checks were
defined: firstly, using the harvest/quota ratio as the dependent variable; secondly,
defining a dummy variable as the dependent variable, which is equal to one for a
harvest/quota ratio above 0.99; and finally, a two-stage least squares model.

The first robustness check is based on the following equation:

Harvest;ji/Quota;j; = o + Biln(Price;ji) + Boln(Stock;;) + Bsln(Catchijy)

"‘640071757"0[8# + Eijt-

The second robustness check uses a logit model according to the following equa-

tion, where D is a dummy variable equal to 1 for a ratio above 0.99 and 0 otherwise:

D = By + Biln(Price;;) + Paln(Stock;;) + Bsln(Catchije) + BaControlsi + ;4

Table 2.4 compares an OLS regression using the haverst/approved quota ratio
as the dependent variable in the first two columns. Then, a dummy is used as the
dependent variable in columns (3) and (4). These estimations are controlled by fixed

effects.
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Table 2.4: Robustness Check Estimations

o) @ ) @ 5 ©
D. Variable H/Q Ratio H/Q Ratio H/Q Ratio Dummy Dummy Dummy
Price -0.074%* -0.087%* -0.045 -0.482*%**  _0.337 -0.462
(0.0314) (0.0365) (0.043) (0.1568)  (0.2242)  (0.354)
Stock 0.007 -0.040** -0.049* -0.044 -0.170 -0.187
(0.0149) (0.0200) (0.019) (0.0761) (0.1253)  (0.137)
Catchability 0.020 0.119* 0.035 0.204* 0.884 0.732
(0.0225) (0.0634) (0.059) (0.1126)  (0.4607)  (0.495)
N 375 375 375 376 295 376
R2/ Pseudo R2 0.064 0.457 0.560 0.039 0.206 0.106
Pairwise FEs yes yes yes yes
Time FEs yes yes
Regression OLS OLS OLS Probit Probit  Probit

Note: Estimated standard errors are in parentheses. * ** and *** represents significant
values at 10%, 5% and 1% respectively.

The OLS model in the first column suggests that the harvest/approved quota
ratio is affected significantly by price. However, the variables stock and catchability
do not have a significant impact on the harvest/price ratio. When the equation is
controlled by a pairwise fixed effect in the second column, stock and catchability
become significant variables in the model.

The third and fourth columns of table 2.4 show two probit models. The first one
is estimated without a fixed effect, where the variable catchability is positive and
significant, while the variable price is significant and affects on the dummy variable
negatively. The results are similar to the fourth column, when the model is controlled
by pairwise fixed effects.

So far, the quota has been analysed as exogenous; however, the effect of the quota
on the harvest may be affected by bias brought by the association of harvest with
approved quota, which is an outcome of the first one. This relationship between
harvest and approved quota suggests that the later one should be treated as an
endogenous variable. Evaluating the endogeneity, a two stage least square (2SLS) is
tested according to the following equations:

first stage,

In(Quota;;r) = Po + Prln(Stock;;i) + Viji;
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and second stage,
In(Hijt) = Bo+ b Qqutaijt + Baoln(Price;j) + Bs(Catchability;ji) + BaControlsi + €;jt.

Table 2.5 shows the regressions for 2SLS. In the first stage, the variables stock
has a significant effect on approved quota. In the second stage, the estimations are

controlled by time fixed effects.

Table 2.5: Robustness Check Estimations for 2SLS

(1) (2) (3)

D. Variable Harvest  Harvest  Harvest
Second Stage
Quota 1.007*F%  (0.828%%*  ().800***
(0.041) (0.073) (0.066)
Price -0.158%*  _0.205%*F*  _0.128*
(0.063) (0.063) (0.074)
Catchability 0.011 0.242%* 0.101

(0.042)  (0.122)  (0.112)

First stage
D. Variable: Quota

Stock 0.788%¥* (. 788K (). 788
(0.020) (0.020) (0.020)
N 373 373 373
R2 0.753 0.854 0.878
Pairwise FEs yes yes
Time FEs yes

Note: *,** and *** represents significant values at 10%, 5% and 1% respectively.

The findings above reflect that the approved quota and price are significant vari-
ables for all of the regressions. The first one has a positive impact on harvest, whereas
the second estimation has a negative impact on the dependent variable. In the second
column, using simultaneously pairwise, all of the variables are highly significant. In
the third column, time fixed effect is added, but the significance of the variables is
decreased.

The instrument chosen is significant and the IV estimation is consistent. Both
the statistics R? and adjusted-R? are around 0.67, reaching an acceptable level of

precision. In order to evaluate whether the instrument is weak, a Wald test for
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endogenous regressors is used.® This characterisation states that the maximum bias
of the 2SLS estimator will be no more than 10% of the bias of OLS. Considering a
decision rule at the 5% significance level, the null hypothesis, that the instrument is
weak, is rejected with a F'— statistic = 61.938, which is larger than the critical value

given by the 2SLS relative bias.

2.7 Discussion and Conclusions

According to the theoretical model proposed, three out of four predictions were sup-
ported for the data. Firstly, there is a positive effect of higher governmental approved
quotas on harvest. Secondly, an increase in the resource stock has a positive effect on
harvest. Thirdly, an increase in catchability has a positive effect on harvest. However,
the estimations show a negative effect on harvest when the price increases.

Through a baseline model analysis using an OLS without fixed effects and a range
of fixed effects estimations, these four predictions were examined. I find stronger
empirical evidence supporting a positive significant effect of the approved quota on
harvest. That means that the assumptions underpinned by the theoretical model are
also supported by the empirical estimations.

Regarding the expected positive effect of the loco’s price on harvest, the empirical
estimations contradict that assumption. The estimations carried out showed that
price has a significant negative on harvest. Later, a prediction was tested using
a degree of competition as an exploratory idea. The results supported the notion
that in those TURFs with a higher competition level, the price has less negative
effects since the interaction between price and competition has a positive effect on
the harvest.

In relation to the stock, it is a significant variable when the regressions are con-
trolled by a pairwise fixed effect. In most of the estimation this variable has the
expected sign, which means that the empirical estimations support the theoretical

prediction for stock.

Sfollowing the command ivregress

39



Conversely, catchability measured by the inverse size of the area supports the
prediction of the theoretical model. The size of the TURF is significant in the baseline
model controlled by pairwise fixed effects. As was initially expected, the negative sign
was also shown in the robustness checks.

The findings suggest that the organisational variables analysed are not enough to
understand the real impact of the organisational dimension on harvesting strategies.
In this regard, greater data collection efforts need to be undertaken by the relevant
Chilean institutions. The great diversity in terms of organisational features might
explain these inconclusive results. Further studies might illuminate how harvesting
decisions vary depending on a wider range of variables related to the organisational
structure, internal organisations’ management and decision making, and the geo-
graphical and socioeconomic characteristics of the territories in which the TURFs
operate, among others.

Accounting for the empirical estimations, the first prediction, which expected a
positive higher effect of the assigned quota on harvest is the most strongly supported
hypothesis across all of the estimations. Similarly, this finding is also consistent with
those national statistics exposed in Figure 2.3 in which both the approved quota and
the harvest show an overall similar trend from 2004 to 2015. The evidence suggests
that further research should aim for a better understanding of how organisations
manage their TURFs effectively. Indeed, national statistics show that organisations
can manage their harvest up to the maximum assigned quota because, on average, no
over catching has been observed since the introduction of the TURFs. In this regard,
the results here also reinforce the positive gains of this system for the resource’s sus-
tainability, as other studies have reported (Stotz, 1997; Gelcich et al., 2007; Gonzélez
et al., 2006; Cancino, 2007; Gelcich et al., 2010; Zuniga et al., 2010).

In relation to the second prediction, the empirical estimations suggest that in-
creases in the loco’s price have a less negative impact on harvest when it is controlled
by competition grade, because the negative effect can be short-cut with the effect
of competition with price. Further studies should examine the price of the resource

beyond an exogenous variable. In this regard, the influences on the loco’s price of
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artisanal organisations’ practices, such as cooperation among fishermen’s collectives,
previous agreements with specific buyers and harvesting strategies affecting the local
selling prices, should be involved in future estimations.

Regarding the third prediction, the empirical estimations show enough evidence
to support the notion that increases in stock have a positive impact on harvest.
The findings confirm the idea that organisations could choose an interior solution of
harvesting less than the quota, in order to increase their stock in the next period and
the harvest. In this context, artisanal organisations could expect to maximise their
revenues in future harvest periods, assuming that the stock will increase.

The fourth prediction is related to catchability; the empirical estimations support
that it has a positive effect on the harvest. The catchability is measured as an inverse
relation to the size of the effective area of the TURF, which means while that if
the catchability parameter is higher, the TURF’s area is smaller, making it easier to
obtain the resources at a certain stock level.

A limitation of the analysis in the baseline estimation is that quota is used as an
exogenous variable, instead of an endogenous one, increasing in the stock. For that
reason, a 2SLS model was estimated, where the quota was defined as a function of
stock in a first stage. As was shown, when that model is controlled by pairwise and
time fixed effect, the results are similar to the previous one in the baseline estimations.

Additionally, in the empirical model, the quota was assumed to affect the harvest
in the same way at any level of harvest. However, the data analysed shows that the
quota often constrains the harvest. Further research could include a methodology
to estimate the unconstrained harvest. Then, if the harvest exceeds the quota, the
harvest needs to be reduced to (just below) the quota.

The research suggests that there are other elements that should be accounted
for in fishermen’s strategies instead of assuming that fishermen follow the Maximum
Sustainable Yield quota defined by the authorities. This work shows that artisanal
fishermen have incentives to catch less than the quota if their maximisation consid-
ers more than one period. These findings suggest that artisanal organisations are

planning a different harvest strategy (in a dynamic instead of a static way), which
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is also consistent with the interior solution proved in the theoretical model and with
the graphs shown in Figure 2.3.

The outcomes highlight feature the significance of examining harvesting decisions
involving multiple variables related to the TURFs management. There are several
aspects related to the organisational structure which are not involved in this chapter.
For example, harvesting decisions might be influenced by leadership styles (author-
itative, democratic, strategic, bureaucratic, etc.) and personal backgrounds (sex,
age, educational attainments, etc.). Further research ought to present such control
variables. In addition, there is evidence supporting the strong importance of social
capital in common rights contexts. Future studies might evaluate the relationship
between harvesting decisions monitoring and social capital. For example, including
the cooperation with other similar artisanal organisations and networks between arti-
sanal organisations and strategic actors such as buyers, trading companies, industrial
fishery’s companies, governmental regulators and non-governmental institutions.

Accounting for the context in which the TURFs operate, some geographical and
socioeconomic characteristics should be included in next studies. For example, ter-
ritorial settings such as connectivity with greater urban areas, fishery infrastructure,
transport services and communication systems might impact on the harvesting deci-
sions made

Further research should aim for a better understanding of the artisanal organisa-
tions’ behaviour as a key input to evaluate how different agents’ actions might produce
different impacts on both, the ecosystem and their economic performance. Moreover,
accounting for harvesting decisions in a dynamic context rather than analysing them
period by period might provide more precise information for Chilean policy makers

in relation to fishery management.
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A.1 Degree of Competition

Degree of competition is included in the model as an exploratory element to evaluate
its interaction with the price. The equation to evaluate this degree of competition is

given by:

In(Harvestij) = Bo + filn(Quotaje) + Baln(Stockij) + Bsln(Catchij)
+B4ln(Price;;) + BsCompjr + SeCompjy * In(Price;j)

+B70¢ + BsAij + €ijie

Where Comp represents the variable degree of competition and Comp * Price
shows the interaction between competition and price in the model. The degree of
competition is defined as the number of organisations divided by the number of in-
habitants in their localities.

Table A.1 shows the regressions using the degree of competition (Compy); it
denotes a sub-index [ for locality level and ¢ for time. A pairwise and time fixed effect
is added to the estimations.

Table A.1: Degree of Competition

Dependent variable: Harvest

1) ) (3)

Quota 0.913%#F% Q. 7278k (. 77478
(0.054) (0.062) (0.060)
Stock 0.069 0.055 0.016
(0.049) (0.050) (0.048)
Catchability 0.003 0.304** 0.131
(0.047) (0.148) (0.146)

Price -0.138  -0.342%** _(.2471%*
(0.096) (0.098) (0.107)
Competition -0.258 -1.408 -1.210

(1.075)  (1.392)  (1.369)
Competition*Price  0.019 0.363**  0.390**
(0.164)  (0.183)  (0.176)

N 370 370 370

R-sq 0.756 0.857 0.879
Pairwise FEs yes yes
Time FEs yes

Note: Estimated standard errors are in parentheses. * ** and ***

significant values at 10%, 5% and 1% respectively.

represents
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Although the variable C'ompetition is not significant in any of the regressions, its
interaction with price, represented by Competition* Price, is significant and positive,
when fixed effect controls are added. This implies that in areas with more competition,
the effect of price is less negative due to the positive coefficient of Competition *

Price.

45






Chapter 3

The effects of Natural Disasters on
Multidimensional Poverty in Chile:
Differences between fishermen and
non-fishermen populations.

3.1 Introduction

Natural disasters are commonly associated with important economic losses because
they damage basic productive infrastructure, decrease economic activities and de-
mand higher social expenditure on post-disaster responses (Strobl, 2012; Noy, 2009).
Although there is an international body of literature that focuses on the poverty
and natural disasters nexus (Park and Wang, 2017; Sawada and Takasaki, 2017;
Van Bergeijk and Lazzaroni, 2015; Strobl, 2012; Noy, 2009) such a relationship has
not been deeply explored for the Chilean case. Moreover, Chile is geographical posi-
tioned along the Atacama trench between the Nazca and the South America plates
and as a result it is exposed to natural disasters such as earthquakes and tsunamis.
Therefore, linking hazards and their impact on people’s lives is a highly relevant task.

My research aims to evaluate the impact of the earthquake that occurred in Chile
on 27th February in 2010 and the later tsunami on households’ multidimensional
poverty emphasising short and long-term differences within the overall population
and those working in artisanal fishery.

One of the main contributions of my research is that it confronts the gap between
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an enriched current framework for understanding poverty as a multidimensional phe-
nomenon and its restricted measurement in the current field of the environmental
economy. Whereas there is a certain consensus that poverty cannot be measured
using only income (Alkire and Santos, 2014; Alkire and Foster, 2011), T found that
most of the studies measuring poverty only take into account GDP at the national
level (Van Bergeijk and Lazzaroni, 2015; Strobl, 2012; Noy, 2009) or income at the
household level (Park and Wang, 2017; Sawada and Takasaki, 2017). To tackle with
that shortcoming, my research accounts for the unique multidimensional poverty in-
dex (MPI) used in Chile for policy making-decisions from 2006 onwards. The MPI
is based on the methodology proposed by Alkire and Foster (2011) and composed of
four dimensions and twelve indicators, allowing both an aggregated poverty measure-
ment and single dimension analysis for housing, work and social security, education
and health at the individual or household level.

In order to examine the effects of the 2010 earthquake and tsunami on households’
multidimensional poverty over time, I use data from the most relevant survey to
characterise households’ socioeconomic conditions in Chile, which is carried out every
two or three years from 1990 onwards (CASEN). Data collected in 2006 and 2009 are
used to estimate pre-shock effects, whereas the data up to the year 2011 are used to
examine post short-term effects and the data up to 2013 the long-run impacts.

I expect to contribute by providing a clearer link between households’ poverty
and natural disasters in Chile, understanding the first one as a multidimensional phe-
nomenon beyond households’ income. Taking advantage of the MPI, this research
examines how specific household conditions such as work, health, housing and educa-
tion were impacted by both natural disasters. In doing this, the results will allow for
proposing more precise guidelines for policy purposes in Chile. In the last section I
provide some recommendations based on those aspects of people’s lives aspects after
both disasters.

This research also contributes expanding our limited knowledge of the impact
of the earthquake and tsunami on households’ multidimensional poverty in Chile as

two different exogenous shocks. Most of the studies assess the human losses and
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material damages produced by the earthquake and the tsunami that followed as a
unique phenomenon (Contreras and Winckler, 2013; Astroza et al., 2012; Martin
et al., 2010; Morales, 2010). Unlike them, I evaluate both disasters as independent
shocks because that is especially relevant for studies focused on the artisanal fishery
sector. The evidence shows that fishermen were more affected by the tsunami than
the earthquake because the waves destroyed their labour capital and houses located
in high risk areas (Contreras and Winckler, 2013; Marin et al., 2010; SERNAPESCA,
2010). I expect that the fishermen and non-fishermen population had an increased
likelihood of falling into multidimensional poverty after both shocks, but fishermen
were hit harder because of the tsunami. Taking into account the evidence, I also
expect that fishermen were mostly affected in terms of their housing and work and
social security dimensions as an effect of the tsunami rather than the earthquake.

To examine such hypotheses, I use data provided by the National Emergency Office
and Public Security (ONEMI) in order to identify those localities only affected by the
earthquake and those also impacted by the later tsunami. I propose a difference-in-
difference methodology to estimate the effect of the earthquake and the tsunami on
multidimensional poverty for two population groups: A treatment group that involves
those fishermen-households located in the areas affected by the shocks with at least
one member working in the artisanal sector, and a control group that includes the
rest of the population.

I also deal here with the shortcoming that long-term effects of the natural disasters
on households’ poverty have not been covered in the Chilean case. The only related
study accounts for changes in households’ multidimensional poverty one year after
the shock (Sanhueza et al., 2012). Otherwise, a few studies measure the long-term
effects, but only on topics close to poverty such as social vulnerability and social
capital (Engel, 2016; Marin et al., 2015; Dussaillant and Guzman, 2014).

My research addresses with such a limitation by examining the short and long-
term effects on fishermen’s and no-fishermen’s multidimensional poverty as a result
of the earthquake and the later tsunami. The short-term estimations account for the

year following both shocks, whereas the long-term estimations involve the three years
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following the disasters. By doing that, this research contributes by providing a more
precise image of the impact of two differentiated natural disasters on specific dimen-
sions of Chileans’ lives over time. It is expected that the overall population as well as
the fishermen group were more likely to be poorer a year after the disasters compared
with three years after. Whereas some post-disaster consequences are immediately
visible such as housing damage and material losses, other impacts, for example on
educational achievements and people’s health status, might need longer time periods
to be observed. In contrast to the body of national literature reporting immediate
post-disasters effects (Mella, 2014; Larranaga and Herrera, 2010), my research in-
creases the knowledge about the impact of both disasters on Chileans’ households
more than one year after their occurrence.

In the same line, I also expect that compared with the rest of the Chilean pop-
ulation, fishermen were more likely to be poor in terms of work and social security
and housing in the short-term and lower but significant to the long-term. It is known
that people depending on artisanal fishery activity are particularly vulnerable. They
show lower educational attainments, incomes and occupational mobility opportuni-
ties compared with the rest of the population (Baquedano and Rosas, 2012; Chévez
et al., 2010). Therefore, fishermen should have been more likely to be in poverty after
both natural disasters because of their previous precarious socioeconomic condition
and therefore their ability to successfully face the short and long-term effects of the
shocks.

The rest of the paper is organised as follows: section 3.2 gives a literature re-
view linking poverty and natural disasters and a framework of the 2010 earthquake
and tsunami in Chile. Section 3.3 covers the data, its sources and some descriptive
statistics; section 3.4 discuses the methodology used. In section 3.5 I go through the
findings. Section 3.6 details the robustness and sensitivity analyses, while in section

3.7 the results and conclusions are discussed and some policy guidelines are provided.
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3.2 Literature Review

3.2.1 Poverty and natural Disasters

Natural disasters are generally associated with considerable economic losses because
they might destroy productive infrastructure, decrease economic activities and in-
crease social expenditure on recovery (Strobl, 2012; Noy, 2009). A recent review cover-
ing several empirical papers focused on linking natural disasters and macro-economic
impacts at the worldwide level found heterogeneous insights; nevertheless most of
the studies found that the impact of disasters is significantly negative (Van Bergeijk
and Lazzaroni, 2015). That evidence is strong for the two lines of research identified,
the first one is focused on the direct costs of shocks, such as economic damage and
number of people affected, and the second line is interested in the indirect costs of
hazards quantified in terms of the effects on economic growth and incomes.

Another consensus is that the degree of the macro-economic impact due to natu-
ral disasters depends on the level of development of the country affected. According
to Strobl (2012), although the number of natural disasters has increased worldwide
in the last three decades, they are concentrated in developing countries. Between
1970 and 2002, out of a total of 6436 natural disasters 77% took place in developing
nations, striking specific localities again and again. As a result, the gap between rich
and poor nations has increased and poverty has become a significant economic matter
for those geographical areas severely affected by natural events. Similar insights were
previously offered by Noy (2009), who found that confronting disasters of a similar
magnitude, developed countries face much shorter output declines compared with
developing nations. Noy showed that countries with a higher literacy rate, better in-
stitutions, a higher income per capita, a higher degree of openness to trade and higher
governmental spending are better able to cope with the immediate consequences of
disasters and prevent future side effects on the macro-economy.

In contrast the large number of studies focused on the macroeconomic conse-
quences of natural disasters, there is a much smaller body of literature on the effect

of natural events at the household level. There is a set of international studies focused
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on the impact of natural disasters on households’ income and poverty and another
group interested in households’ strategies in regard to facing the consequences of dis-
asters. In the first group, some recent efforts have been carried out by Park and
Wang (2017), who provide evidence of the impact of the 2008 Wenchuan earthquake
on the welfare of rural households in China accounting for household income and
assets before and after the earthquake as well as changes in wage labour supply,
government transfers, private transfers and borrowing. Using multiple regressions,
this work compared outcomes before and after the earthquake, applying geographic
controls for both household and county levels. The impact of the earthquake was
measured after 10 months of the shock occurrence. Jia et al. (2018) also described
how the Wenchuan earthquake affected people’s lives, but paid attention to health,
housing, income, expenses and the destruction of cultivated land. For doing so, a
descriptive analysis using several official databases is carried out, looking for trends
since the earthquake occurrence to 10 years back. Similarly, Gignoux and Menendez
(2016) put attention on the impact of several shocks on household located in agricul-
tural areas, evaluating effects on individuals incomes, and ownerships such as land,
plants, houses and financial assets. They also used a difference in difference strategy
for comparing welfare for individuals who have experienced a ground tremor to the
ones of individuals that did not have such experience.

The second group of studies have been centered on comparisons between poor
and non-poor households were also carried out by Sawada and Takasaki (2017), who
conclude that poor people are more affected after a disaster compared with non-poor
people because of the weak ex-ante and ex-post strategies they have to face them. The
authors highlight that poor housing does not account with previous labour insurances
and personal savings as well as a post-disaster access to formal credit and informal
networks for sharing capital and exchanges.

While the few studies investigating the effects of natural disasters at the household
level should be recognised for their novel attempts, these studies measure poverty us-
ing household income as the main indicator, whereas the current literature on poverty

highlights the importance of measuring it as a multidimensional phenomenon (Santos
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and Villatoro, 2018; Alkire et al., 2017; Dotter and Klasen, 2017; Alkire and Foster,
2016; Alkire et al., 2015; Alkire and Foster, 2011). National research follows a sim-
ilar line; the few studies linking poverty and natural disasters in Chile also measure
poverty using household income (Rojas et al., 2014; Mella, 2014) except for Sanhueza
et al. (2012),), who examine the effect of the 2010 earthquake on households’ mul-
tidimensional poverty calculated by the Alkire and Foster method. Sanhueza and
collaborators compared household data in 2009 with a panel survey applied a year af-
ter the earthquake to a sample of individuals surveyed in 2009. Applying a difference
in difference strategy, they examined variations in the dimensions of poverty compar-
ing previous and after shock periods for the overall population, children and older
people. Moreover, the analysis included those localities affected by the earthquake
and zones with no impact.

The study above is the only attempt for measuring multidimensional poverty and
natural disasters link in Chile. I propose the same difference in difference method,
however, there are other contributions in my work. Using a different database, I
estimated longer time periods than Sanhueza et al. (2012), accounting for data from
2009 to 2015. Moreover, I distinguishing between two disasters occurred in 2010, the
earthquake and the tsunami as effect of the first one. This point is quite relevant
because most of the studies in Chile are not able to separate the effect of both shocks
on people’s lives which is especially important for those household and localities im-
pacted for both disasters. For policy purpose such distinction is essential for designing
a more precise post-disaster response strategy and better resources assignments.

Overcoming a reductionist approach based only on income, I propose a multi-
dimensional poverty measurement (see details in the next section) to evaluate the
impact of both the earthquake and the tsunami in the short and long-term for the
overall population, but also distinguishing impacts on artisanal fishermen as a key
group. Therefore enriched guidelines can be suggested for anti-poverty policy design
in Chile, taking into consideration the occurrence of natural disasters as a relevant
input.

I also found that there are no studies in Chile that evaluate the long-term effects
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regarding the relationship between poverty and natural disasters. Sanhueza et al.
(2012) take into account the impact of the 2010 earthquake on households’ multidi-
mensional poverty only one year after its occurrence and omit the tsunami’s effects.
Other attempts at measuring the long-term post-disaster consequences are focused
on topics close to poverty, but not on multidimensional poverty. For example, Engel
(2016) examines the impact of the earthquake on people’s social vulnerability 3 years
after the shock, but she uses a qualitative approach that is focused only on the mid-
dle classes for a specific territorial area. Dussaillant and Guzman (2014) assess the
impact of the earthquake a year and half after the shock, but they focus on the effects
on people’s interpersonal trust, whereas Marin et al. (2015) evaluate the impact of
the tsunami on fishermen’s social capital three years after its occurrence.

This research addresses the limitations in regard to both the short and long-term
effects on fishermen’s and non-fishermen’s multidimensional poverty as a result of the
earthquake and the later tsunami. The short-term estimations account for the year
immediately after both shocks, whereas the long-term analyses include estimations
for the three years after the disasters. By doing that, this research contributes by
providing a more precise image of the impact of two differentiated natural disasters
on specific dimensions of Chileans’ lives in the short and long-term. It is expected
that these specific results will provide focalised policy guidelines for tackling future

disasters.

3.2.2 Measuring Multidimensional Poverty in Chile

During the last 25 years, Chile has experienced significant progresses in poverty de-
crease and human development. Since 1990, Chile has gone through a long period
of economic growth and greater social programs investments. As a result, income
poverty decreased from 40% in 1990 to 14% in 2011. However, poverty and peo-
ple’s quality of life levels are related not only with monetary factors. Even though
increases in income allow people a greater access to goods and services available in
the markets, it is also real that other basic needs cannot be necessarily purchased

in imperfect or missing markets. These include healthcare, social security, education
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and social capital among others. Therefore, income as a sole indicator of well-being
is inappropriate and it should be complemented by other measures.

In contrast with traditional one-dimensional measures based on income or expendi-
ture, multidimensional poverty measures distinguishing among poor and non-poor ac-
counting for several dimensions and forms of deprivation. In that line, the past decade
has experienced significant methodological progresses on multidimensional poverty
measures (Bourguignon and Chakravarty, 2019; Chakravarty and D’Ambrosio, 2006;
Chakravarty et al., 2008; Bossert et al., 2013; Alkire and Foster, 2011)

The Oxford Poverty and Human Development Initiative (OPHI) and the United
Nations Development Programme (UNDP) calculated and launched the first Global
multidimensional poverty index (MPI) for over a hundred countries in 2010. Its new
version, released in 2014, includes 108 countries. The Global MPI is a composite of
indicators based on household survey data. The index has three dimensions and ten
indicators: two for health (malnutrition, and child mortality), two represent educa-
tional achievement (years of schooling and school enrolment), and six for evaluating
standard of living (including both access to services and household wealth). The three
dimensions are weighted equally to form the composite index, allowing information
at household level, but not at intra-household level (Dotter and Klasen, 2017). A
Later version conducted for measuring multidimensional poverty in the Latin Amer-
ica region is also based on the Global MPI bases (Santos and Villatoro, 2018).

Following such trend and looking for a better policy design and target resources,
Chile implemented a multidimensional poverty measure in 2014 based on the Alkire
and Foster (2011). Such method, proposes a dual cutoff index for identification and
aggregation. This method represents a generalization of the Foster-Greer-Thorbecke
(FGT) family of poverty measurements (Foster et al., 1984), where the first cutoff is
the poverty line for each dimension or indicator (zi) and the second (k) corresponds
to the percentage of dimensions or indicators that an individual is deprived. Alkire
and Foster propose three main indicators: the multidimensional poverty headcount
(H), the average deprivation for those identified as multidimensionally poor (A), and

the multidimensional index Ma, which corresponds to the adjusted FGT class of

55



multidimensional poverty measures.

Some reasons for choosing this methodology rely on its advantages over others
measurements for undertaking empirical works. Alkire and Foster’s method allows
including qualitative information which is widely available in national household sur-
veys. Moreover, the index can be decomposed by subgroups, therefore detailed anal-
ysis by dimension can be carried out for better policymakers recommendations.

Accounting for such advantages and data availability, Chile adopted the Alkire and
Foster’s method for measuring multidimensional poverty since 2014 at the present.
Chilean MPI is calculated on four key dimensions and twelve poverty indicators.
Due to the data availability in the CASEN survey, the MPI can be retrospectively
calculated until the year 2006, allowing a pre-disaster overview. Figure 3.1 shows the
four dimensions involved in the national multidimensional poverty index (MPI) and
indicators for each of them.

Figure 3.1: Multidimensional Poverty Index Dimensions
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Note: Adapted by the author from CASEN, 2013.

In the MPI, each dimension is equally weighted (25% of the total of 100%), and
measured by a total of three indicators. Fach indicator is a dummy variable in which
one means that at least one individual in the household does not satisfy the criterion,
whereas zero represents that the indicator has been satisfied. People are considered

to be in “multidimensional poverty” when at least three of the 12 indicators take
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the value of one. In other words, multidimensional poverty means having the weight
of a complete dimension unsatisfied (MIDEPLAN, 2014). Table 3.1 describes the

indicators for each dimension.

Table 3.1: Multidimensional Poverty Index for Chile.

Indicators Deprivation indicators Weights
(People who live in households with the following char- (%)
acteristics)

Education Dimension 25

Blackwardness Households where there is at least one person aged 21 25/3
or below in primary/secondary education who is at least
two years below his/her corresponding school level.

Attendancy ~ Households where there is at least one child or adoles- 25/3
cent aged 4-18 not attending school who has not yet
graduated (after completing 12 years of schooling).

Schooling Households where there is at least one person whose 25/3
level of education falls below the legal minimum for their
cohort.

Health Dimension 25

Malnutrition Households where there is at least one child aged 0 to 6 25/3
years old who is overweight or obese or is malnourished
or at risk of malnutrition.

Healthcare Households where there is at least one person who does 25/3

security not have any health insurance, either public or private
(including complementary insurance).

Health sys- Households where there is at least one woman aged 21 25/3

tem access or above who has not completed a pap test during the
past 3 years.

Work and Social Security Dimension 25

Occupation  Households with at least one member aged 18 or above 25/3
who is unemployed and not attending school.

Pension sys- Households with at least one working member aged 15 24/3

tem or above who is not contributing to the pension system
and has not had any tertiary education.

Retirement Households with at least one female member aged 60 or 25/3

above, or a male member aged 65 or above, who is not
receiving a pension or any retirement income.
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Housing Dimension 25/3
Overcrowding Households in which the average number of household 25/3
members sharing a room is higher than 2.5.

Material A house whose floor, roof, or walls are in bad shape, or 25/3
Conditions the house is made of unsound materials.

Basic  sup- A house without an interior piped water supply (urban 25/3
plies areas) or access to a safe water supply (rural areas), or

lacking a WC or septic tank (rural and urban areas).
Note: Adapted from CASEN 2013, Ministerio de Planificacién Social, Chile.

According to official statistics, multidimensional poverty has systematically de-
creased over time, even since the earthquake/tsunami in 2010 (MIDEPLAN, 2013).
A total of 22.2% of Chilean households experienced multidimensional poverty in 2009,
19.5% in 2011 and 16.0% in 2013. An analysis by indicator for the period 2009-2013
shows that over 30% of households are lacking in years of schooling and social security,

whereas 17% are living in poor material housing conditions.

3.2.3 Earthquake and Tsunami in Chile

Chile was struck by an earthquake on February 27th, 2010 at 3:34 AM. The magni-
tude of the earthquake was registered as 8.8.1 It was the fifth largest instrumentally
recorded earthquake in the world, located at the central-south zone of Chile. The
earthquake was followed by major tsunami waves that hit the coast in the next 14
minutes-2 hours (SHOA, 2013).2

The earthquake/tsunami affected around 80% of the national population living in
the central-south of Chile, but was particularly destructive from the VI to the VIII
regions. According to official sources both natural disasters left material damage
amounting to around 30 billion dollars (Sanhueza et al., 2012; Marin et al., 2010).
Regarding the national estimations, the total cost compared to GDP in 2009 was
equal to 18% (Gobierno de Chile, 2010).

A total of 521 people lost their lives and 9% of the population of the country

! Available at https://earthquake.usgs.gov/earthquakes/browse/largest-world.php

2The biggest one which occurred in 1960, reached a magnitude of 9.5 degrees on the Richter scale,
making it the heaviest earthquake registered in the World. In 1988, another earthquake occurred in
the centre of Chile, reaching 7.7 degrees on the Richter scale.
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declared that they had lost their homes. Moreover, over 70% of healthcare and
educational centres registered material damage across the affected territory (MIDE-
PLAN, 2013). The tsunami caused 156 fatalities and major destruction along 600
km of coastline, especially from the V to the VIII regions (Gobierno de Chile, 2010).
Figure 3.2 gives a visual representation of the cities affected by the earthquake in

2010 and their intensities. 3

Figure 3.2: Chile earthquake 2010
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People working in artisanal fishery were particularly impacted by the event, los-
ing their labour capital and basic installations for their work. According to Marin
et al. (2010) the tsunami strongly affected the VIII region (Bio-Bio), leaving up to
60% loss and damage in terms of fishing capacity, including damage to vessels, gear
and equipment, port infrastructure, and productive and commercial infrastructure.

Therefore, small-scale landings of molluscs, seaweed and crustaceans in the Bio-Bio

3An additional map is added in appendix B.1, showing the whole country divided by regions.

59



region decreased by around 55% in 2010 as compared with 2009 (SERNAPESCA,
2009, 2010). The decline has been explained as being due to the reduction in fishing
capacity, the risks perceived by fishermen of going back to the sea and, to a lesser
extent, the ecological effects of the disaster, such as the loss of marine resources (mol-

luscs and seaweed) and rocky reef habitats (Jaramillo et al., 2012; Castilla et al.,

2010).

3.2.4 Post-disasters governmental policies

Several international studies discuss the role of both public and private post-disaster
responses and recovery strategies. The World Bank has proposed a policy guide for
disaster risk management based on the experiences in East Asia and the Pacific (Jha
and Stanton-Geddes, 2013). There are also some studies focused on a review of the
post-disasters emergency, recovery and reconstruction actions in the USA (Fothergill
and Peek, 2004) and some policy guidelines have been proposed for farming villages
and fisheries communities mainly affected by earthquakes (Jia et al., 2018; Park and
Wang, 2017; Tewfik et al., 2008).

Some studies show that an effective governmental and/or private response after
disaster may make a difference when coping with the risks. For example, Park and
Wang (2017) showed that the governmental provisions after the 2008 Wenchuan earth-
quake in China were so well-targeted to those people more affected by the shock that
the mean income per capita after the earthquake was 17.5% greater than in 2007.
This increase in average income per capita led to household poverty rates falling dur-
ing the year of the earthquake from 34% to 19%. In contrast, according to the World
Bank’s study of poverty, after the 2004 tsunami in Aceh, Indonesia, the provision of
government subsidies was quite modest and households’ incomes and consumption
severely decreased, while the poverty headcount rate increased from 28.4% before
the shock to 32.6% one year after the tsunami (World Bank, 2008). The evidence
shows that both public and private responses after disasters are a critical aspect for
transforming a natural shock into an opportunity for re-investment and the upgrad-

ing of capital goods, which in turn can enhance an economy and improve people’s
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well-being.

In the Chilean case, there are just a few studies that evaluate the role and effec-
tiveness of the social policies after the 2010 earthquake in Chile (Sehnbruch et al.,
2017) and propose some guidelines for tackling future shocks better (Bitar, 2010). On
the contrary, most of our knowledge about the impact of the 2010 earthquake and
the later tsunami come from official reports in which governmental post-emergency
and recovery responses are described. The governmental planning after both disasters
first implemented a set of emergency actions to tackle the immediate consequences,
but also a set of measures for short-term recovery and long-term reconstruction (Go-
bierno de Chile, 2010).

The first actions included burying the deceased people and facilitating the means
to find lost people. Due to a cut in basic supplies such as water, electricity and food,
the government also worked on restoring access to those services and maintaining
public order by putting army forces on the streets. In a second stage the actions were
focused on building emergency houses for those specifically impacted by the tsunami,
ensuring access to healthcare services, restoring those educational centres damaged
to ensure children’s attendance, and repairing and building roads and bridges to
connect the national areas. As expected, most of the public resources were invested
in housing, education, health and public works. According to official statistics the
recovery planning from 2010 to 2014 cost a total of US $8.431 million, of which
27% was spent on housing, 25% on health infrastructure and 14% on public works
(Gobierno de Chile, 2010).

The emergency responses were undertaken from the occurrence of the disasters
until six months later, whereas the recovery was planned to last for one year af-
terwards or longer. The Chilean Government undertook well-targeted post-disaster
planning, focalising the public resources on those territorial areas most impacted by
the earthquake and the later tsunami (Gobierno de Chile, 2010; Lawner, 2010). For
the fishermen population, such planning was successful and quickly supported them
with temporary houses and later new homes later, but it was insufficient to attend

their working needs (Lawner, 2010). People living in the coastal zones who experi-

61



enced partial or total loss of their houses were a critical target group for the emergency
policy; therefore, fishermen could use these resources. Nevertheless, no governmen-
tal actions were taken to confront those labour capital losses reported by fishermen
working in the artisanal sector (Sehnbruch et al., 2017; Contreras and Winckler, 2013;
Marin et al., 2010) Indeed, “Back to Sea”, the most relevant initiative for recover-
ing fishermen’s equipment, was mainly funded by private resources with the aim of
re-establishing the artisanal fishery activity. This evidence shows that housing and
work and social security were the harder hit life dimensions for fishermen after both
disasters.

The latter point above highlights the contribution of analyses based on specific
groups within the Chilean population because these natural disasters affected them
in several and different ways. In fact, a few studies focused on evaluating the effec-
tiveness of the post-disaster responses in Chile have concluded that it is important
to undertake particular actions for vulnerable groups such as fishermen (Sehnbruch
et al., 2017; Bitar, 2010). Some recommendations for the artisanal fishery sector are
improving the quality standards for building in coastal risk zones; determining secu-
rity zones; and establishing an emergency fund for re-establishing damaged labour
capital. Following a similar line, my research provides some policy guidelines ac-
cording to the main findings and, as a result, some anticipatory actions might be

taken.

3.3 Database and Descriptive analysis

The main database used is the National Socio-economic Characterisation survey
(CASEN) which covers dimensions related to access to health, education, income,
work and housing conditions.* This survey has a periodicity of 2 or 3 years. The
selected years for estimations previous to the earthquake/tsunami are 2006, 2009 and
2011 for measuring short-term effects and 2013 for long-run impacts. The year 2015

is used for the robustness checks in section 3.6.

4Available at http://observatorio.ministeriodesarrollosocial.gob.cl
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The design of the survey (CASEN) depends on two probabilistic independent
samples that share the same sample design. The sample configuration corresponds
to a probability sample, stratified geographically and by population size. The sample
selection is done in two or three stages in both urban and rural areas. The primary
sampling units (PSU) are selected with probability proportional to size, and final stage
units (households) are selected with equal probability within each PSU. The objective
population of the survey is the people living in private homes throughout the country,
excluding the areas of difficult access defined by the National Institute of Statistics
(INE). Inside each chose family unit, all families and persons declaring residence
were interviewed. The survey data are representative nationally and regionally, and
embody statistical representativeness for urban and rural areas.

The advantages of this dataset are its extensive cross-sectional number of socioe-
conomic indicators as well as the longer time covered, allowing for a comparative
analysis before and after the disasters. Moreover, the CASEN survey provides a level
of disaggregation that allows for identifying the economics sector in which people are
working and what type of job they are in. Finally, this database is representative
at the national level and allows for measuring multidimensional poverty in the whole
country.

Additional data about the characteristics of the earthquake/tsunami are provided
by the National Emergency Office of the Ministry of the Interior and Public Security
(ONEMI).

Table 3.2 summarises the means for the MPI aggregated index, the four MPI
dimensions and the twelve indicators organised by dimension. The columns show
the means by year, 2006 and 2009 are previous to the earthquake and the tsunami,

whereas 2011, 2013 and 2015 are after the disasters.
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Table 3.2: Summary statistics by year, dimensions and indicators.

(1) (2) (3) (4) (5) (6)
Observations 2006 2009 2011 2013 2015
MPI 1,200,766 0.347 0.328 0.266 0.212 0.203
(0.476) (0.469) (0.441) (0.409) (0.402)
Education dimension 1,200,511 0.579 0.538 0.438 0.416 0.398
(0.493) (0.498) (0.496) (0.493) (0.489)

Attendance 1,200,511 0.104 0.081 0.055 0.046 0.037
(0.305) (0.273) (0.229) (0.209) (0.189)

Backwardness 1,200,412 0.046 0.045 0.040  0.0388  0.035
(0.209) (0.207) (0.197) (0.193) (0.185)

Schooling 1,199,508 0.544 0.500 0.404 0.385 0.372
(0.498) (0.500) (0.490) (0.486) (0.483)

Health dimension 1,200,507 0.185 0.195 0.190 0.177 0.176
(0.388) (0.396) (0.392) (0.381) (0.381)

Malnutrition 1,188,947 0.053 0.065 0.074 0.073 0.072
(0.225) (0.246) (0.263) (0.260) (0.258)

Healthcare Security 1,197,122 0.120 0.075 0.071 0.071 0.067
(0.326) (0.263) (0.258) (0.257) (0.251)

Health System 1,197,308 0.021 0.073 0.057 0.046 0.049
Access (0.146) (0.260) (0.232) (0.209) (0.216)

Work and Social
Security dimension 1,200,511 0.465 0.545 0.494 0.472 0.488
(0.498) (0.497) (0.499) (0.499) (0.499)

Occupation 1,200,511 0.098 0.142 0.105 0.107  0.110
(0.298) (0.349) (0.307) (0.309) (0.313)

Pension system 1,182,536 0.273 0.407 0.361 0.340 0.364
(0.445) (0.491) (0.480) (0.473) (0.481)

Retirement 1,200,511 0.190 0.115 0.113 0.108 0.098

(0.392) (0.319) (0.317) (0.310) (0.298)
Housing dimension 1,200,509 0.433 0.397 0.352 0.283 0.254
(0.495) (0.489) (0.477) (0.450) (0.435)

Overcrowding 1,199,395 0.190  0.170  0.150  0.131 0.104
(0.392) (0.376) (0.357) (0.337) (0.306)

Material Conditions 1,199,674 0.212 0.217 0.191 0.144 0.143
(0.409) (0.412) (0.393) (0.351) (0.350)

Basic Supplies 1,200,222 0.214  0.153  0.110  0.075  0.061

(0.410) (0.360) (0.313) (0.263) (0.240)

Note: Columns (2) to (6) show the mean for the respective year and standard errors are in
parentheses.

The results show that the MPI and education, health and housing dimensions have
systematically decreased over time, whereas work and social security shows some fluc-
tuations. The means highlight that the Chilean population are poorer in terms of

the education and work and social security dimensions and less poor in health. An
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analysis by indicator shows that Chilean households increase their likelihood of be-
ing poor because of insufficient schooling, low access to the pension and healthcare
system and unsatisfactory housing material conditions. Additional tables with de-
scriptive statistics for fishing families and the rest of the population are available in

the appendix B.2.

3.4 Methodology

The methodology used is a Difference-in-Difference method at the household level,
where I study the differential effect of a treatment group versus a control group.
This methodology allows for calculating the effect of shocks on people’s outcome
(Multidimensional poverty index) by comparing the change in the outcome over time
between the treatment group and the control group.

The treatment group consists of those households in which at least one member
working in artisanal fishery and that are living in the localities impacted by the earth-

quake/tsunami. The control group includes households in the rest of the population.

Equations

The baseline equation to estimate the Multidimensional Poverty Index (M P1T) is rep-
resented by equations (3.1) and (3.2), which show the impact of the earthquake /tsunami

on the artisanal fishery households living in the areas affected.

P(Y;jt = 1|37) = 50 + Bls%ckﬁ + /BQArtijt + ﬁgATtijt X S%ijt + )\t + (Sj (31)

where,

Shock;, = {ShockEj,, ShockTj}. (3.2)

Where z denotes the full set of explanatory variables for each case, and P(Y;; =
1|x) represents the response probability for Y;;. Thus, Y;;; is a multidimensional

poverty variable, which represents two types of dependent variable. The first is:
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the aggregate multidimensional poverty index, M PI, composed by four dimensions,
“work and social security”, “housing”, “health” and “education”, each of which is
constituted by three indicators; that is to say, there are 12 indicators in total. This
dependent variable is equal to one if at least three indicators are equal to one, meaning
that the household has a lack in terms of that indicator. Second, each separate
dimension is a dependent variable; in this case the dependent variable is equal to one
if at least one of its three indicators are unsatisfied and zero when all the indicators
are satisfied. These definitions are used to stay as close as possible to the overall
definition of poverty as at least a quarter of the indicators are not satisfied. It has
been denoting a sub-index 4 for household level, a sub-index j for locality and ¢ for
time. A Probit model is used in all of the estimations.

The variable Shock is defined in two different ways: one hand, ShockE is a dummy
variable accounting for the impact of the earthquake. It equals one when the house-
hold is located in one of the seven regions (V, VI, VII, VIII, IX, XIIT and XIV)
affected by the earthquake according to the official statistics of the Chilean National
Emergency Office (ONEMI). On the other hand, ShockT is a dummy variable but
accounting for the impact of the tsunami. It equals one when the household is located
in one of the localities (comunas) hit by the tsunami, and 0 when is not. According
to Contreras and Winckler (2013)’s research (2013), which defined a list of localities
impacted by the tsunami.

In order to make a comparison through time for both kinds of shock, the variable
Shock is used with two lengths. The first is a short-term effect, which considers the
year after the disasters. This means that Shock is one if year = 2010, otherwise it
is zero. The second is a long term effect, which includes the year after and up to
3 years after, which means that the variable Shock is one if the year > 2010 and
year < 2013, otherwise the variable is equals to zero.

The variable Art represents households with at least one member working on arti-

sanal fishery.” The variables Artx ShockE and Artx ShockT represent the interaction

5 Artisanal fishery are those operating within five miles of the coast, with vessels length up to 18
meters long and carrying up to 50 tons.
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between being in an artisanal fisherman household and receiving the shocks of the
earthquake and the tsunami.

Moreover, time ();) and region (§;) as fixed effects have been included in the
regressions. The first one is a dummy variable for each year used in the estimations
(2006, 2009, 2011 and 2013); the second one is a dummy variable for the fifteen
regions of Chile. In order to capture the effects of the shocks on the dimensions of
poverty, the time fixed effect is considered as a baseline in all of the estimations. A
comparison between the short and long-term is made, using as the short-term one
period after the shocks (earthquake/tsunami) and the long-term three periods after
the shocks.

An assumption underlying the Difference-in-Difference method is that in that in
absence of the shock, the treatment and control groups would have similar develop-
ment in terms of the outcome variable. This seems to hold for both groups analysed.

Details are available in the appendix B.3.

3.5 Results

The results are presented following the dimensions involved in the MPI index. Firstly,
overall estimations based on the index are provided and then the findings are organised
by dimension: work and social security, housing, health and education. All of them
are considered dependent dummy variables. The rows in the next tables show those
variables examining the effects of the earthquake or tsunami in the non-fishermen and
artisanal fishermen populations, whereas the columns account for short-time effects
from the first to the fourth columns and for long-term effects from the fifth to the

eighth columns. Year and region have also been included as fixed effects.

Multidimensional Poverty (MPI)

Table 3.3 shows the baseline estimations for the overall MPI, as a dummy dependent
variable in which 1 means that the household is on multidimensional poverty because

at least 3 of the 12 indicators are equal to 1.
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Table 3.3: Marginal effects of earthquake and tsunami on MPI.

Short-Term Long-Term
(1) (2) (3) (4) (5) (6) (7) (8)
Art 0.147%8% 0,131 0.145%**  0.130***  (0.148%**  (.133*** (.146™*%* 0.131%**
(0.006) (0.006)  (0.006) (0.006) (0.006) (0.006)  (0.006) (0.006)
ShockE 0.014%%%  (.020%** 0.005%**  (.014%***
(0.002) (0.002) (0.001) (0.002)
Artx ShockE  -0.007 -0.007 -0.025 -0.025
(0.037) (0.037) (0.023) (0.022)
ShockT 0.037%%*%  (.030%** 0.006** 0.001
(0.005) (0.005) (0.003) (0.003)
Artx ShockT 0.043 0.059 0.005 0.017
(0.051) (0.051) (0.031) (0.031)
N 1200766 1200766 1200766 1200766 1200766 1200766 1200766 1200766
Time FEs yes yes yes yes yes yes yes yes
Region FEs yes yes yes yes

Note: The dependent variable is Multidimensional Poverty Index (MPI). Standard errors in
parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

The results above indicate that living in multidimensional poverty is more likely
for the overall population after the earthquake (ShockE) and also after the tsunami
controlling for the year fixed effect (ShockT), for the short and the long term effects.
Being an artisanal household (Art) also increases the likelihood to be poor, as there is
a persistent positive significant effect in the case of both disasters for all the estima-
tions. Nevertheless, when being an artisanal fisherman interacts with the earthquake
(Artx ShockE) and tsunami (Artx ShockT'), the effects are not significant at the arti-
sanal level. Due to the lack of an interaction effect on the overall index and the high
heterogeneity in the standard errors, below I turn in an analysis by dimension, in the

search for more precise results.

Work and Social Security dimension

The work and social security dimension is measured by occupation, pension system

and retirement indicators. Table 3.4 shows the baseline estimates for this dimension.
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Table 3.4: Marginal effects of earthquake and tsunami on “Work and Social Security”.

Short-Term Long-Term
(1) (2) (3) (4) (5) (6) (7) (®)
Art 0.255%F% (.25218% (. 254%FF (0. 252%** (). 248% KK ().245% KK ().249%FF (. 247K
(0.008) (0.008)  (0.008) (0.008) (0.008) (0.008)  (0.008) (0.008)
ShockE 0.024%%% 0.004 0.019***  -0.001
(0.002) (0.003) (0.002) (0.002)
Artx ShockE  0.128%%  (.122%* 0.158%**  (.150%**
(0.052) (0.052) (0.032) (0.032)
ShockT 0.017*%%*  0.010* 0.011%**  0.005
(0.006) (0.006) (0.004) (0.004)
Artx ShockT 0.228%** (), 234%** 0.254%** (). 254%**
(0.083) (0.083) (0.050) (0.049)
N 1200511 1200511 1200511 1200511 1200511 1200511 1200511 1200511
Time FEs yes yes yes yes yes yes yes yes
Region FEs yes yes yes yes

Note: The dependent variable is the dimension Work and Social Security. Standard errors in
parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

The results show that the “work and social security” dimension is positive and sig-
nificantly affected by the earthquake (ShockE) and the tsunami (ShockT') accounting
for the entire population; however, the significance is lost when region is applied as a
fixed effect in the long-term and for the earthquake in the short-term. The findings
also show that having a lack in this dimension is 25.5% more likely for those people
working in the artisanal sector compared to the rest of the population. Artisanal
households (Art) are more likely to have a lack in terms of work and social security
after the earthquake and the tsunami even controlling for region. Finally, the inter-
actions between earthquake and artisanal (ArtxShockE) and tsunami and artisanal
(Artx ShockT) are both positive and significant. In the first case, the probability of
being poor and being an artisanal household affected by the earthquake increases from
12.8% in the short-term to 15.8% in the long-term in the “work and social security”
dimension. In the second case, that probability increases from 22.8% to 25.4% when

artisanal people are impacted by the tsunami.

Housing dimension

The housing dimension is measured by overcrowding, material condition and basic

supplies indicators. Table 3.5 indicates the marginal effects for this dimension.
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Table 3.5: Marginal effects of earthquake and tsunami on “Housing”.

Short-Term Long-Term
(1) (2) (3) (4) (5) (6) (7) (8)
Art 0.090%** 0.077%F%  0.089%F* 0.076*** 0.003*** (0.079%** 0.091*** (.078***
(0.007) (0.007) (0.007) (0.007)  (0.007) (0.007) (0.007) (0.007)
ShockE 0.012%%*  (0.026*** 0.009***  0.030***
(0.002) (0.002) (0.002) (0.002)
Artx ShockE  -0.030 -0.038 -0.045*%  -0.053**
(0.040) (0.040) (0.025) (0.025)
ShockT 0.094**%*  0.086%** 0.051%%*%  0.042%**
(0.005) (0.005) (0.003) (0.003)
Artx ShockT -0.105%* -0.088 -0.092%**  -0.080**
(0.057) (0.057) (0.035) (0.035)
N 1200509 1200509 1200509 1200509 1200509 1200509 1200509 1200509
Time FEs yes yes yes yes yes yes yes yes
Region FEs yes yes yes yes

Note: The dependent variable is the dimension Housing. Standard errors in parentheses. *

p < 0.10, ** p < 0.05, *** p < 0.01

The findings show that both disasters, the earthquake (ShockFE) and the tsunami
(ShockT) had a positive significant effect on the housing dimension in the short and
long term, which means that households impacted by the shock are more likely to have
a lack in terms of this dimension, but also on the artisanal households (Art), whether
or not region is controlled. Interestingly, the interaction between shocks and being
artisanal shows a significant negative effect. For the long term, the data reports that
being artisanal and receiving the impact of the earthquake (ArtxShockE) reduces
the likelihood of having a lack in terms of housing conditions by around 4.5% and
by 5.3% controlling for region fixed effects. Moreover, being artisanal and receiving
the impact of the tsunami (Artx ShockT) reduces the probability of being poor in the
housing dimension from 9.2% to 8.0% after controlling for region fixed effects.

Moreover, being artisanal and affected by the earthquake (ArtxShockE) is not
significant. However, accounting for the tsunami,(Artx ShockT'), the probability de-
creases by around 10% controlling by time fixed effects. The results show that having
a lack in terms of material housing conditions is less likely for those working in the
artisanal sector and even lower for those impacted by the tsunami. The difference
between the short and long-term shows that recovery from the shock is faster for

fishermen compared to the rest of the population.
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Health dimension

The health dimension is measured by malnutrition, healthcare security and health

system access indicators. Table 3.6 indicates the marginal effects for this dimension.

Table 3.6: Marginal effects of earthquake and tsunami on “Health”.

Short-Term Long-Term
(1) (2) (3) (4) (5) (6) (7) (8)
Art 0.012%* 0.010* 0.011%* 0.009 0.011** 0.011* 0.012%* 0.009
(0.005) (0.006) (0.005) (0.005) (0.006) (0.006) (0.006) (0.006)
ShockE -0.022%FFF  0.010%** -0.026***  0.006***
(0.002) (0.002) (0.001) (0.002)
Artx ShockE  -0.138%**  -0.125%** -0.063***  -0.048**
(0.042) (0.042) (0.023) (0.023)
ShockT -0.044%F*  -0.011%* -0.042%*%*%  _(0.008%***
(0.005) (0.005) (0.003) (0.003)
Artx ShockT -0.115%  -0.121%* -0.031 -0.028
(0.061) (0.062) (0.032) (0.032)
N 1200507 1200507 1200507 1200507 1200507 1200507 1200507 1200507
Time FEs yes yes yes yes yes yes yes yes
Region FEs yes yes yes yes

Note: The dependent variable is the dimension Health. Standard errors in parentheses. * p < 0.10,
** p < 0.05, ¥ p <0.01

The findings reveal that the earthquake (ShockE) had a negative significant ef-
fect on the health dimension; therefore it is less likely having lack on the dimension
after received the shock. However, the effect turns positive when region is used as
a fixed effect. The tsunami (ShockT') had a negative significant effect on the overall
population, whether or not region fixed effects are controlled. Moreover, having lack
a in terms of health is more likely for an artisanal household (Art); similar results
are shown for both disasters whether or not region fixed effects are controlled. Those
results are consistent for both the short and long-term periods.

Moreover, the interaction between earthquake and artisanal (ArtxShockE) is sig-
nificant and negative whether or not the region is used as a fixed effect, for both
periods of time. Similarly to the housing dimension, being artisanal and receiving the
impact of the earthquake reduces the likelihood of being poor in the health dimension.
In the case of the tsunami, the interaction between being artisanal and receiving the
shock (Artx ShockT) is significant and negative in the short-term. Conversely, that

relation is not significant when tsunami is examined as a long-term shock.
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Education dimension

The education dimension is measured by attendance, backwardness and schooling

indicators. Table 3.7 indicates the marginal effects for this dimension.

Table 3.7: Marginal effects of earthquake and tsunami on “Education”.

Short-Term Long-Term
(1) (2) 3) (4) (5) (6) (7) (8)
Art 0.176*FFF 0.140%FF  0.172%¥*¥*  0.139%** (. 178%**  (.140%*F*  (.172%FF  (.139%**
(0.007) (0.007) (0.007) (0.007) (0.008) (0.007) (0.007) (0.007)
ShockE 0.049%**  0.013%** 0.038%**  (.007***
(0.002) (0.003) (0.002) (0.002)
Artx ShockEE  -0.033 -0.029 -0.017 -0.013
(0.044) (0.043) (0.027) (0.026)
ShockT 0.073***  0.026*** 0.047%** 0.002
(0.005) (0.005) (0.003) (0.004)
Artx ShockT -0.034 -0.003 -0.023 0.002
(0.063) (0.062) (0.037) (0.037)
N 1200511 1200511 1200511 1200511 1200511 1200511 1200511 1200511
Time FEs yes yes yes yes yes yes yes yes
Region FEs yes yes yes yes

Note: The dependent variable is the dimension Education. Standard errors in parentheses. *

p < 0.10, ** p < 0.05, *** p < 0.01

The results indicate that the educational dimension is positively and significantly
affected by the earthquake accounting for the overall population (ShockE), in the
short and long-term. A similar effect was found for the tsunami, when region is not
accounted for as a fixed effect (ShockT'). Having a lack in terms of the educational di-
mension is more likely when people are working in the artisanal sector (Art) for both,
the earthquake and the tsunami. In contrast to the previous dimensions, not signifi-
cant effects are found for the interaction between being artisanal and the earthquake

(Artx ShockE) or being artisanal and the tsunami (Artx ShockT).

3.6 Robustness and sensitivity Analysis

The robustness checks of the multidimensional poverty estimations are done in two
ways. Firstly, I use sub-samples of the reports to ascertain that the significant ef-
fect for the interaction between being artisanal and the shock is not caused by the

heterogeneity of the control group. Secondly, the variable shock is redefined in terms
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of its length and intensity, is in order to investigate possible differences in the shock

impact between the populations and the dimensions of poverty.

Sub-sample

The sample is restricted to households located in localities (comunas) with direct
access to the sea, and fishermen’s households.

Tables 3.8 to 3.11 show the results from these estimations. The first four columns
of each table show the households located in coastal localities, whereas the following

columns (from fifth to eight) indicate those households economically related to fishery

activities.b
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Table 3.8: Marginal effects of earthquake and tsunami on “Work and Social Security”.

Coastal Localities Households related to Fishery
Short-Term Long-Term Short-Term Long-Term
(1) (2) (3) (4) (5) (6) (7) (8)
Art 0.260%%*%  0.261FFF  (0.249%F*  0.256%**  (0.183*F*F  (.187*** (.175¥**  (.184***
(0.008) (0.008) (0.008) (0.008) (0.009) (0.009) (0.010) (0.009)
ShockE 0.003 -0.004 -0.141%** -0.051
(0.004) (0.004) (0.044) (0.034)
Artx ShockE  0.191%** 0.263*** 0.169%** 0.198%**
(0.060) (0.039) (0.060) (0.040)
ShockT 0.002 -0.004 0.009 -0.051
(0.006) (0.004) (0.075) (0.050)
Artx ShockT 0.221%%* 0.242%%* 0.069 0.148%*
(0.082) (0.049) (0.102) (0.063)
N 365850 365850 365850 365850 8621 8621 8621 8621
Time FEs yes yes yes yes yes yes yes yes
Region FEs yes yes yes yes yes yes yes yes
*

Note: The dependent variable is Work and Social Security. Standard errors in parentheses.
p < 0.10, ** p < 0.05, *** p < 0.01

For all of the estimations in table 3.8, the marginal coefficient of the variable
Art is significant and positive, showing a value of around 0.2. The lack represents
that being an artisanal fisherman increases by around 20% the lack in the “work and
social security” dimension. That value is similar to the baseline estimations, which

are around a 24%. The interaction between Art and ShockE is significant for most

6The CASEN survey uses the international occupation classification known as CIUO-88. Fishery
activity includes all people who work as artisanal fishermen, or in aquaculture or industry fishery or

who declare that they are part of their communities.
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of the columns; the earthquake values are slightly higher than the tsunami in both of

the restricted samples.

Table 3.9: Marginal effects of earthquake and tsunami on “Housing”.

Coastal Localities Households related to Fishery
Short-Term Long-term Short-Term Long-term
(1) (2) 3) (4) (5) (6) (7) (8)
Art 0.080*** 0.080*** 0.083*** (0.082*** (0.026** 0.023** 0.025%* 0.022**
(0.007) (0.007) (0.007) (0.007)  (0.011) (0.011) (0.011) (0.011)
ShockE 0.014%** 0.023%** 0.077 0.006
(0.004) (0.003) (0.049) (0.038)
Artx ShockE  -0.034 -0.060** -0.070 -0.014
(0.041) (0.026) (0.062) (0.043)
ShockT 0.094%** 0.048%** -0.014 -0.079
(0.006) (0.004) (0.083) (0.059)
Artx ShockT -0.099* -0.086** 0.022 0.062
(0.056) (0.034) (0.100) (0.067)
N 365850 365850 365850 365850 8621 8621 8621 8621
Time FEs yes yes yes yes yes yes yes yes
Region FEs yes yes yes yes yes yes yes yes

Note:The dependent variable is Housing. Standard errors in parentheses. * p < 0.10, ** p < 0.05,
k%
p < 0.01

Table 3.9 shows that the key variables Artx ShockE and Artx ShockT are negative
for the case of costal localities. This effect is similar to the results shown in table 3.5.
That means that being a fisherman and receiving the shock is less likely to lead to
a lack in the housing dimension. However, those interactions are not significant for
the estimations using the restricted sample for households with at least one member

related to artisanal fishery.
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Table 3.10: Marginal effects of earthquake and tsunami on “Health”.

Coastal Localities Households related to Fishery
Short-Term Long-term Short-Term Long-term
(1) (2) (3) (4) (5) (6) (7) (8)
Art 0.011* 0.010*  0.011*  0.010* 0.027***  0.024***  0.025%F*F (0.023%**
(0.006)  (0.006)  (0.006) (0.006)  (0.009) (0.009) (0.009) (0.009)
ShockE 0.023%*** 0.012%** 0.094** 0.008
(0.003) (0.003) (0.039) (0.032)
Artx ShockE  -0.120%** -0.048** -0.184*** -0.042
(0.044) (0.024) (0.055) (0.037)
ShockT 0.004 -0.001 0.130** 0.007
(0.005) (0.003) (0.062) (0.049)
Artx ShockT -0.114%* -0.028 -0.233%#* -0.033
(0.061) (0.031) (0.086) (0.056)
N 365850 365850 365850 365850 8621 8621 8621 8621
Time FEs yes yes yes yes yes yes yes yes
Region FEs yes yes yes yes yes yes yes yes

Note: The dependent variable is Health. Standard errors in parentheses. * p < 0.10, ** p < 0.05,
k%%
p < 0.01

Table 3.10 shows the robustness checks for the “health” dimension. The key vari-
able ArtxShockE is significant and negative in the first and second column, with
a value of around 0.05. That is similar to the values and trend observed in table
3.6, when the estimations are accounting for the earthquake. However, the variable
Artx ShockT is not significant for any estimation accounting for the tsunami. These
results are in the same line as the baseline estimations for health, in which the inter-

action variable is just significant for the earthquake.
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Table 3.11: Marginal effects of earthquake and tsunami on “Education”.

Coastal Localities Households related to Fishery
Short Term Long term Short Term Long term
(1) (2) 3) (4) () (6) (7) (8)
Art 0.148%** (.148***  (.146%*F*  0.148%**  0.063*** 0.064*** 0.061*** 0.064***
(0.007) (0.007) (0.008) (0.008) (0.011) (0.011) (0.011) (0.011)
ShockE 0.004 -0.010%** -0.100** -0.078**
(0.004) (0.003) (0.048) (0.037)
Artx ShockE  0.006 0.023 0.084 0.065
(0.045) (0.028) (0.060) (0.041)
ShockT 0.056%** 0.031%*** -0.117 -0.064
(0.006) (0.004) (0.080) (0.054)
Artx ShockT -0.021 -0.012 0.135 0.060
(0.061) (0.036) (0.098) (0.062)
N 365850 365850 365850 365850 8621 8621 8621 8621
Time FEs yes yes yes yes yes yes yes yes
Region FEs yes yes yes yes

Note: The dependent variable is Education. Standard errors in parentheses. * p < 0.10, **
p < 0.05, ¥** p < 0.01

Table 3.11 shows the robustness checks for the “education” dimension. The key
variables Artx ShockE and Artx ShockT are not significant for any of the estimations.
This is similar to the results showed in table 3.7, where these variables are also not
significant.

Overall, the patterns represented in tables 3.8 to 3.11 are consistent with the
baseline estimates shown in tables 3.4 to 3.7, in which the variable interaction between
being artisanal and receiving the shock shows a positive impact on the “work and
social security” dimension, a negative impact on “housing” and “health” and a not

significant interaction for the “educational” dimension.

Re-definition of shock

The shock used in the baseline estimation is defined for the years 2011 and 2013 to the
short and long-term respectively. In terms of the length of the shock a new definition
is used: ShockE; which includes up to five-years after the earthquake impact (from
2010 to 2015). Analogously, the variable ShockTy, is defined for the tsunami. Those

results are shown in tables 3.12.
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Table 3.12: Marginal effects for MPI dimensions, using five-years shock.

Dep. Var: Work and SS Housing Health Education
(1) 2) (3) (4) (5) (6) (7) (8)
Art 0.241%%% (0.244%F*F  0.095%**  (.081*** 0.011%* 0.010%%  0.179%%* (.138%**
(0.008) (0.008) (0.007) (0.007) (0.006) (0.006) (0.008) (0.007)
ShockEy, 0.017%** -0.004%** -0.026%** 0.026***
(0.001) (0.001) (0.001) (0.001)
Artx ShockEyp  0.178%** -0.067%** -0.059%** -0.009
(0.026) (0.021) (0.018) (0.022)
ShockTr, 0.007%** 0.006** -0.014%** 0.003***
(0.003) (0.003) (0.002) (0.003)
Artx ShockTy, 0.245%%* -0.09717%** -0.036 0.015
(0.038) (0.028) (0.025) (0.029)
N 1200511 1200511 1200509 1200509 1200507 1200507 1200511 1200511
Time FEs yes yes yes yes yes yes yes yes
Region FEs yes yes yes yes

Note: Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01

The findings above are similar to the baseline estimations for all of the dimensions
analysed, using both kinds of shocks. The interactions between earthquake/tsunami
and artisanal are positive and significant for the dimension “work and social security”,
whereas they are significant, but negative for the “housing” and “health” dimensions.
Finally, the interactions are not significant for the “education” dimension.

Tables 3.13 and 3.14 show the marginal effects for the MPI dimensions, using
intensities for the variable shock. Firstly, for the earthquake a seismic intensity value
is used, which represents the grade of damage assigned using the description given by
Medvedev and Sponheuer (Astroza et al., 2012). Secondly, using information from
Contreras and Winckler (2013), the tsunami’s intensity is defined according to the
number of square metres (m?) flooded divided by the total square kilometres (km?)

of the respective locality.
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Table 3.13: Marginal effects for “Work and Social Security” and “Housing”, using a
shock by intensities.

Work and Social Security Housing
Short-Term Long-term Short-Term Long-term
(1) (2) (3) (4) (5) (6) (7) (8)
Art 0.252%FF (.252%F% (0. 245%** 0. 247¥*¥*  0.076FFF  0.089%FF*  0.079***  0.078%**
(0.008) (0.008) (0.008) (0.008) (0.007) (0.007) (0.007) (0.007)
ShockE -0.001** -0.001#** 0.004*** 0.004***
(0.000) (0.000) (0.000) (0.000)
Artx ShockE  0.124** 0.150%** -0.034 -0.049%**
(0.052) (0.032) (0.040) (0.025)
ShockT -0.173 -0.254%%* 0.327%** 0.164%**
(0.115) (0.068) (0.106) (0.063)
Artx ShockT 0.204** 0.239%** -0.027 -0.051
(0.101) (0.058) (0.073) (0.042)
N 1200511 1196947 1200511 1192065 1200509 1196945 1200509 1192063
Time FEs yes yes yes yes yes yes yes yes
Region FEs yes yes yes yes yes yes yes yes

Note: Standard errors in parentheses. Time fixed effects is used in all the estimations.
*p <0.10, ** p < 0.05, *** p < 0.01.

In the first four columns of table 3.13 for the “work and social security” dimen-

sion, the interaction between artisanal and the shock (Artx ShockE and Artx ShockT)
shows a positive and significant marginal effect for the short and long-term. These
results are similar to the baseline estimations in the dimension “work and social se-
curity” shown in table 3.4. In the case of the dimension “housing” (columns six to
eigh), the coefficient of the interaction is negative as in the baseline estimation (table
3.5), but they are not significant, with the exception of the long-term estimations
accounting for the earthquake. The coefficients for the variable Shock are positive

and significant, as with the baseline for the earthquake and tsunami.
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Table 3.14: Marginal effects for “Health” and “Education” dimensions, using a shock
by intensities.

Health Education
Short Term Long term Short Term Long term
(1) (2) 3) (4) (%) (6) (7) (8)
Art 0.013** 0.009 0.014%* 0.012%%  0.140%FF  0.172FFF  0.140%**  0.171%F*
(0.005) (0.005) (0.006) (0.006) (0.007) (0.007) (0.007) (0.007)
ShockFE -0.002%** -0.002%** 0.002%** 0.001%**
(0.000) (0.000) (0.000) (0.000)
Artx ShockE  -0.147%%* -0.074%%* -0.027 -0.012
(0.042) (0.023) (0.043) (0.026)
ShockT 0.150 -0.254%** 0.117%* -0.415%**
(0.093) (0.054) (0.114) (0.067)
Artx ShockT -0.180** -0.090** 0.040 0.038
(0.090) (0.040) (0.080) (0.045)
N 1200507 1196943 1200507 1192061 1200511 1196947 1200511 1192065
Time FEs yes yes yes yes yes yes yes yes
Region FEs yes yes yes yes yes yes yes yes

Note: Standard errors in parentheses. Time fixed effects is used in all the estimations.
*p <0.10, ** p < 0.05, *** p < 0.01.

Table 3.14 shows the dimensions of “health” and “education”. For the first to
the fourth columns, the estimations show a negative and significant coefficient for the
interactions between Artisanal and Shock, which have a similar trend, but stronger
effect than the baseline estimations in table 3.6. Finally, for the fifth to the eighth
columns ( “education” dimension), the interaction variables are not significant, as with

the baseline estimation shown in table 3.7.7

3.7 Discussion and Conclusions

I estimated the short and long-term effects of the 2010 earthquake and the later
tsunami on households’ multidimensional poverty in Chile. Through a difference
in-difference strategy, I compared the impact of both disasters on fishermen and no-
fishermen households’” multidimensional poverty. The main findings of this study
are the following: First, whereas the overall population shows significant effects of
both shocks on its MPI in the short and long-term, there are not significant effects

for fishermen even when controlling for territorial and time effects when only the

7As an extension of the previous estimation an heterogeneous treatment effects model is run.
These details are available in the appendix B.4.
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aggregated poverty index is estimated. Second, an analysis by poverty dimension
reveals that fishermen are hit harder than the rest of the population in regard to “work
and social security” after both disasters in the short and long-term, but especially
as an effect of the tsunami. In contrast to the above, fishermen are less likely to
be poor in terms of “housing” than the overall population in the long-term after
the earthquake and in the short and long-term after the tsunami. Third, after both
disasters fishermen and no-fishermen population decrease their likelihood of being
poor in in terms of “health” in the short and long-term, controlling for territorial and
time effects, whereas only the overall population show to be more likely to fall into
educational poverty after both disasters in the short and long-term. Finally, being
part of the fishermen group increases the likelihood of being poor in the short and
long-term for each of the four dimensions involved in the MPI.

Taking into consideration the findings above, some guidelines for policy purposes
might be suggested. Because no differences between fishermen and non-fishermen
were observed in the overall MPI estimations, it is highly recommended that poverty
is measured using not only aggregated indices or single indicators. Indeed, MPT is
not significantly influenced by the earthquake and tsunami in the short or long-term
for the fishermen population; however significant effects are visible in the analysis by
dimension. As I expected, fishermen show a higher lack in the dimension “work and
social security” compared with the rest of the Chileans after both disasters in the
short and long-term. I also found that artisanal households were especially affected
by the tsunami. This differentiated effect by shock was not observed in the other
three poverty dimensions, suggesting that the tsunami had a greater negative impact
on fishermen’s labour capital. Official statistics reinforce this evidence because the
tsunami was particularly destructive for the artisanal small-scale fishery sector who
lost their vessels and basic equipment and therefore, their opportunities to go back
to work (SERNAPESCA, 2010, 2009).

The results also indicate that “work and social security” is the only dimension in
which fishermen do not show successful recovery after the shocks. An explanation

might be associated with the lower governmental investment focused on recovering
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the physical capital losses suffered by fishermen. Chilean social policy after both
disasters mainly focused on the reconstruction of houses, basic services and infras-
tructure, instead of implementing programmes to cope with the problems of specific
groups such as the artisanal communities (Sehnbruch et al., 2017). In fact, the most
important initiative for recovering fishermen’s labour capital was mainly funded by
the private sector, rather tan governmental sources, through the programme “Back
to Sea”. This finding supports the need for well-targeted natural emergency planning
because fishermen’s work capacity is seriously affected after these kinds of disasters.
Further actions might include the use of insurance to protect fishermen’s labour capi-
tal or searching for strategies for fishing and harvesting in different ways especially in
those communities where a greater social capital and trust in regional federations and
regional fisheries authorities has been found (Marin et al., 2015; Rosas et al., 2014).

Beyond the “work and social security” dimension, the findings show that fish-
ermen had a faster recovery in terms of the “housing” aspect compared with the
non-fishermen population after both shocks. According to the post-earthquake sur-
vey (EPT) done in 2010, one of the most dramatic consequences of both disasters
was the damage caused to, and the destruction of housings. In the three regions
most affected by the earthquake, Libertador Bernardo OHiggins, Maule and Bio-Bio,
the percentage of people affected was around 17.3% (Lawner, 2010). Further studies
concluded that 17,000 houses which is 8.5% of the total in the Coastal zones were
destroyed by the tsunami rather than the earthquake (Contreras and Winckler, 2013;
Marin et al., 2010).

Accounting for the fact that most of the artisanal fishermen live in the coastal
areas, a greater impact of both shocks was expected and especially due to the tsunami,
on the “housing” dimension. However, our results indicate that fishermen experienced
less impact in this dimension compared with the rest of the population. A Chilean
policy focused especially on the reconstruction of households, basic services and urban
infrastructure in the zones most affected by both disasters could explain this finding.
Indeed, the reconstruction plan after both disasters was focused on building new

houses in the most affected zones, remodeling damaged housing and restoring basic
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services such as health, education and road services (Gobierno de Chile, 2010). People
living in the coastal zones who experienced partial or total loss of their houses were
a critical target group for the emergency policy, receiving temporary houses first and
then, new houses. Therefore, a quicker response in terms of housing solutions for those
living in high risk zones might explain why the fishermen decreased their likelihood
of being poor in the housing dimension compared with the non-fishermen population
(Sehnbruch et al., 2017; Contreras and Winckler, 2013).

The findings also indicated that the fishermen and non-fishermen populations
decreased their likelihood of being poor in the health dimension after both disasters
in the short-term. This result might be explained by the emergency response, which
was focused on quickly restoring access to healthcare services and re-building damaged
health centres (Gobierno de Chile, 2010). The results are also similar in regard to how
the overall population were affected by both disasters in the long-term and how the
fishermen were impacted by the earthquake in the long-term. Although these results
show a positive balance in the health dimension, the inclusion of psychosocial variables
might show new insights and trends within the Chilean population. For example,
the international literature finds a strong relationship between natural disasters and
post-traumatic stress (Bromet et al., 2017; Platt et al., 2016); however mental health
indicators are not included in the MPI index.

Regarding the education dimension I found no significant effects of the earthquake
or tsunami on fishermen people and a higher likelihood of being poor in the short and
long-term for the overall population. Such a difference within the Chilean population
needs further investigation. I hypothesise that having educational attainments as
a means of staying out of poverty is less relevant for the fishermen than the non-
fishermen population. Some evidence shows that fishermen people have both less years
of schooling than non-fishermen people and a higher school drop-out rate as result
of earlier incorporation into the labour sector (Baquedano and Rosas, 2012; Chévez
et al., 2010). Otherwise, considering the negative effects on the overall population,
further studies might evaluate the long-term effects of natural disasters on other

aspects such as students’ academic performance, quality of teaching and learning and
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schools’ strategies for coping with the lack of essential educative resources among
others.

Moreover, although fishermen showed a faster recovery after the shock in terms
of work and social security and housing dimension compared with non-fishermen, the
results highlight that being an artisanal household consistently increases the likelihood
of being poor in the four MPI dimensions beyond the occurrence of the shocks. This
result is similarly to other studies that provide evidence of high social vulnerability for
people working in the artisanal sector in Chile (Baquedano and Rosas, 2012; Chavez
et al., 2010). I also conclude that fishermen are in a more precarious condition in
terms of successfully facing unexpected natural shocks compared with the rest of
the population. That evidence is in line with a negative relationship found between
faster post-disaster recovery and poverty in the international literature (Sawada and
Takasaki, 2017; Jha and Stanton-Geddes, 2013; Fothergill and Peek, 2004). Poor
people are more likely to experience shocks as risky, die, suffer injuries, psychological
trauma, having higher material losses and face more obstacles during the phases of
immediate response, recovery and reconstruction.

Some explanations might be the lower living standards of poor people before the
shocks’ occurrence, such as living in remote and isolated areas, having houses in poor
material condition, and lacking insurances, savings or personal resources to tackle the
post-disaster consequences. In the light of the evidence that being artisanal increases
the likelihood of being poor for all the dimensions, specific actions from governmental
services should be taken to prepare them against a potential natural disaster as well
as post-emergence responses and recovery because of their higher vulnerability.

Finally, some limitations in this paper are related to the lack of information avail-
able on relevant control variables such as the type and amount of public and private
investments for aftershocks in specific territorial areas. Further research might collect
disaggregated information in order to enhance our knowledge about the effectiveness

of the post-disaster response and recovery strategies in the long-term.
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Policy Guidelines

Taking into account my results, I propose some general guidelines for policies focused
on the artisanal fishery sector in Chile. Beyond the occurrence of a natural disas-
ter I found that being an artisanal fisherman increases the likelihood of being poor
compared with the rest of the population. That is true for both the overall multidi-
mensional poverty index and for each dimension involved. Due to such socio-economic
vulnerability, it is expected that after a shock, fishermen people will be even more
affected; therefore special attention should be paid to this group.

Some actions should also include promoting higher labour capital recovery. As
shown, the most affected dimension was “work and social security” for both disasters
in the short and long-term. Some actions applied in the international context include
the implementation of insurances and more involvement by the artisanal organisations
in the recovery policy design (Jia et al., 2018; Marin et al., 2010). The latter point
would invoke higher social capital and cultural resilience in the fisheries communities,
which in turn would activate their networks and skills in terms of coping with post-
disaster effects (Eriksson et al., 2017; Yoshino et al., 2017). In the Chilean case
the evidence shows that fishermen people are able to change their usual harvesting
practices accounting for a reduced labour capital after a natural disaster (Marin
et al., 2010). Policy makers should involve the fishermen people in the emergency
and recovery planning, following a participative strategy in which key actors and
organisations are included. Moreover, quicker economic activation in the artisanal
sector might be reinforced by the existence of an exclusive governmental fund for
acquiring basic materials and equipment to enable them to go back to sea.

Due to the fishermen people usually living in high risk zones, a well-established
emergency response plan is needed. People must recognise safe areas, and have a
good communication system that is connected despite the distance and isolation.
Moreover, the preventive plan must consider a way to provide basic goods such as
water, food, electricity and temporary houses, such as tents.

The recovery planning in the long-term should think about how the fisheries com-
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munities can benefit from the public and private investments and improvements made
after the shock. For example, investments in labour capital might provide the oppor-
tunity for modernisation, affecting the future harvesting capacity and target species.
Housing quality and connectivity could also be improved, applying more strict build-
ing parameters and re-thinking the nexus between risky zones and the urban centres

nearby.
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B.1 Chilean Map

Figure 3: Chilean map by regions
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Note: Regions most affected by the 2010 earthquake were between VI to VIII.
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B.2 Additional Descriptive Statics

Table 15: Summary statistics by year for fishing families, dimensions and indicators.

(1) (2) (3) (4) (5) (6)
Observations 2006 2009 2011 2013 2015

Education dimension 8,621 0.709 0.670 0.580 0.580 0.546

(0.453) (0.470) (0.493) (0.493) (0.498)

Attendance 8,621 0.154  0.129 0.072 0.062 0.042

(0.361) (0.336) (0.259) (0.242) (0.201)

Backwardness 8,621 0.053 0.054 0.043 0.041 0.040

(0.224) (0.227) (0.203) (0.199) (0.197)

Schooling 8,617 0.667  0.635 0.548 0.545 0.523

(0.471) (0.481) (0.497) (0.498) (0.499)

Health dimension 8,621 0.203  0.214  0.179 0.180 0.143

(0.402) (0.410) (0.384) (0.384) (0.351)

Malnutrition 8,543 0.056  0.080 0.075 0.080 0.070

(0.230) (0.272) (0.264) (0.272) (0.255)

Healthcare Security 8,585 0.146  0.094  0.078 0.086 0.054

(0.353) (0.292) (0.268) (0.281) (0.227)

Health System 8,597 0.012 0.051 0.033 0.026 0.029

Access (0.111) (0.220) (0.179) (0.160) (0.168)
Work and Social

Security dimension 8,621 0.535 0.760  0.618 0.674  0.636

(0.498) (0.426) (0.485) (0.468) (0.481)

Occupation 8,621 0.044 0.109 0.067 0.045 0.058

(0.206) (0.312) (0.251) (0.208) (0.235)

Pension system 8,496 0.443 0.726 0.563 0.631 0.589

(0.496) (0.446) (0.496) (0.482) (0.492)

Retirement 8,621 0.155 0.097  0.083 0.091 0.065

(0.362) (0.296) (0.276) (0.288) (0.246)

Housing dimension 8,621 0.487 0.491 0.449 0.363 0.332

(0.499) (0.500) (0.497) (0.481) (0.471)

Overcrowding 8,610 0.171 0.165 0.160 0.119 0.096

(0.376) (0.371) (0.367) (0.324) (0.295)

Material Conditions 8,608 0.193 0.221 0.195 0.171 0.160

(0.394) (0.415) (0.396) (0.377) (0.366)

Basic Supplies 8,615 0.298  0.281 0.229 0.187  0.189

(0.457) (0.449) (0.420) (0.390) (0.391)

Note: Columns (2) to (6) show the mean for the respective year and standard errors are in
parentheses.

88



Table 16: Summary statistics by year for non fishing families, dimensions and indi-
cators.

(1) (2) (3) (4) (5) (6)
Observations 2006 2009 2011 2013 2015
Education dimension 1,191,890 0.578 0.537 0.437 0.415 0.397
(0.493) (0.498) (0.496) (0.492) (0.489)

Attendance 1,191,890 0.103  0.081 0.055 0.046 0.037
(0.305) (0.272) (0.229) (0.209) (0.189)

Backwardness 1,191,791 0.045 0.045 0.040 0.038 0.035
(0.209) (0.207) (0.197) (0.193) (0.185)

Schooling 1,190,891 0.542 0.499 0.403 0.384  0.371
(0.498) (0.500) (0.490) (0.486) (0.483)

Health dimension 1,191,886 0.185 0.195 0.190 0.176 0.176
(0.388) (0.396) (0.392) (0.381) (0.381)

Malnutrition 1,180,404 0.0563  0.064 0.074  0.073 0.072
(0.225) (0.246) (0.263) (0.260) (0.258)

Healthcare Security 1,188,537 0.120 0.074 0.071 0.071 0.067
(0.325) (0.263) (0.258) (0.257) (0.251)

Health System 1,188,711 0.022 0.073 0.057  0.046 0.049
Access (0.146) (0.260) (0.232) (0.209) (0.216)

Work and Social
Security dimension 1,191,890 0.464 0.544 0.493 0.471 0.487
(0.498) (0.498) (0.499) (0.499) (0.499)

Occupation 1,191,890 0.099 0.142 0.105 0.107 0.110
(0.299) (0.349) (0.307) (0.310) (0.314)

Pension system 1,174,040 0.272 0.405 0.360 0.338 0.362
(0.445) (0.490) (0.480) (0.473) (0.480)

Retirement 1,191,890 0.190 0.115 0.114 0.108 0.098

(0.392) (0.319) (0.317) (0.310) (0.298)
Housing dimension 1,191,888 0.433 0.396 0.352 0.283 0.254
(0.495) (0.489) (0.477) (0.450) (0.435)

Overcrowding 1,191,888 0.190 0.170  0.150  0.131 0.104
(0.392) (0.376) (0.357) (0.338) (0.306)

Material Conditions 1,191,066 0.213 0.217 0.191 0.144 0.143
(0.409) (0.412) (0.393) (0.351) (0.350)

Basic Supplies 1,191,607 0.213  0.152  0.109  0.074  0.060

(0.410) (0.359) (0.312) (0.262) (0.239)

Note: Columns (2) to (6) show the mean for the respective year and standard errors are in
parentheses.
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B.3 Difference-in-Difference

Figure B.1 shows the trends for both groups analysed, for earthquake and tsunami
between the years 2006 to and 2009. They are also tested by a t-test considering a
decision rule at the 5% significance level. Then, the null hypothesis that those differ-
ences are statistically different from zero is rejected, and the alternative hypothesis

is accepted, i.e. that those differences are different from zero.

Figure B.1: Treatment and control group trends before shocks.
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—— Contral Group 1

0.4 Treatment Group 2

l —— Control Group 2

2006 2009

Note: MPI based CASEN 2006 and 2009. Earthquake and Tsunami 2010 are considered as an
external shocks. There are two treatment groups: the first is composed by fishermen households
located in the areas affected by the earthquake with at least one member working in the artisanal
sector; second is composed by fishermen households located in the areas affected by the tsunami
with at least one member working in the artisanal sector. Control groups include the rest of the
population for each case.

Fixed effects are also added to the regressions, in the sense to control some possible

deviation trends.

B.4 Heterogeneous treatment effects

A heterogeneous treatment effects is estimated according to the following equation:

P(Yi = 1lx) = By + B1Artij + ﬁzS%ckﬁ + B3 Art;je x S%ck}}t, (3)
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where,

Shock);, = {ShockEY,

Shocij}t/
Y = {2011,2013,2015}

Table B.1 illustrates the results for the heterogeneous treatment effects using a

probit model and controlling for time and region fixed effects.

Table B.1: Heterogeneous treatment effects, using different lengths for Shock.

Earthquake Tsunami
(1) (2) (3) (4)
Art 0.154%%* (0. 154%F*  (.152%FF  (.138%**

(0.006)  (0.006)  (0.006)  (0.006)
Shock2! 0.019%FF  0.019%¥*  0.056%%*  0.056%**
(0.003)  (0.003)  (0.007)  (0.007)

Shock?013 0.013%%*  0.013%**  0.004 0.005
(0.003)  (0.003)  (0.006)  (0.006)
Shock?015 L0.017HFFF _0.017HFFF _0.021% %% _0.030%**
(0.002)  (0.002)  (0.004)  (0.004)
Art x Shock®''  0.026 0.026 0.054 0.061
(0.046)  (0.046)  (0.066)  (0.066)
Art x Shock®3  -0.015 -0.015 -0.005 -0.010
(0.041)  (0.041)  (0.056)  (0.055)
Art x Shock?  _0.021 -0.021 -0.001 0.013
(0.030)  (0.030)  (0.039)  (0.038)
N 116192 116192 116192 116192
Time FEs yes yes yes yes
Region FEs yes yes

Note: MPI is used as dependent variable. Standard errors in parentheses. Time fixed effects is
used in all the estimations. * p < 0.10, ** p < 0.05, *** p < 0.01.

Table B.1 shows that being part of an artisanal household male someone around
15% more likely to fall into multidimensional poverty. The variable shock also has
similar behaviour and is significant to the baseline estimation (table 3.3) for the years
2011 and 2013. That supports a positive and significant impact on MPI for the
earthquake and tsunami shocks in 2011 and just for the earthquake in 2013. Those
results are consistent with the baseline estimations. However, the interaction between
the shock and belonging to a fisherman’s household is not significant for any of the

three variables estimated.
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Chapter 4

Monitoring in Artisanal Fisheries
working under the TURF's system,
a theoretical approach.

4.1 Introduction

Faced with the overexploitation of fishery resources as a result of the open-access
regime before the 1980s, the Chilean government has implemented some new manage-
ment strategies in the search for sustainable artisanal fishery activity. In the 1980s,
individual transferable quotas (ITQs) were established, giving individual rights for
catching based on specific species and offering uniform regulations over large mar-
itime areas. Later, as an alternative system to the ITQs, the territorial use rights
for fisheries (TURFs) marked a shift from an individual system to an organisational
regime, giving rights to manage a single, or a subset of resources in a specific marine
area.

One of the main reasons for the TURFs implementation in Chile was that it had
been widely shown through international experiences that TURFs systems improve
the sustainability of the resources and the economic performance of those organisa-
tions working under such a regime (Gonzélez et al., 2006; Cancino, 2007). Indeed,
years after the TURFs implementation in Chile, there is a certain consensus about
its biological and economic benefits; nevertheless other actions, such as poaching re-
sources and illegal catching have turned out to be problematic for achieving more

successful management (Gonzalez et al., 2006; Gelcich et al., 2008).
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Some evidence in regard to the Chilean case highlights that high levels of poaching
of resources and illegal catching are putting at risk the sustainability of the resources
due to overcatching (Bandin and Quinones, 2014; Gelcich et al., 2008; Gonzalez et al.,
2006). Therefore, the TURFs regime has lost credibility as an efficient common
rights management system due to those negative actions violating the rights of those
who legally extract the resources (SERNAPESCA, 2015). In fact, illegal fishery has
been considered an extremely serious matter by fishing members of TURF's (Gelcich
et al., 2009; Chavez et al., 2010). In some cases, organisations might be overwhelmed
by the requirement to control poaching and illegal catching. Nevertheless, there is
international evidence showing that promoting enforcement and compliance is highly
costly for regulators in developing countries and they are not usually able to play
that role effectively (Sutinen and Andersen, 1985).

On the other hand, studies focused on promoting enforcement and compliance
behaviours under the TURFSs system have found positive biological benefits such as
greater abundance and size of resources as well as a higher diversity (Quynh et al.,
2017; Gelcich et al., 2012; Samoilys et al., 2007; Jennings and Polunin, 1996). Another
expected benefit is a lower monitoring cost because catching rights rest on organisa-
tional decisions instead of individual behaviours, and therefore collective action and
monitoring problems are solved in a reinforcing manner (Ostrorn, 2000).

Using a theoretical approach, this paper contributes in the latter line, examining
a set of scenarios to aim first, to maximise enforcement and fishermen’s compliance
behaviours, and second, to minimise their burden for sanctions. Evaluating the in-
teraction of key actors in the monitoring of artisanal fishery can provide useful in-
formation for policy purposes in the sector. To do that, I examine three monitoring
models involving three main actors: first, artisanal organisations who have rights to
manage an assigned maritime area; second, a regulator who is a governmental in-
stitution responsible for assigning harvesting quotas to each artisanal organisation,
monitoring organisations’ compliance and applying sanctions; and third, fishermen
who are active members of the artisanal organisation.

I evaluate three different models identify the minimum fine to induce compliance
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with the assigned quota among organisations and fishermen. The first model considers
an exogenous monitoring model based on a static version, whereas the second is an
exogenous monitoring model, but a dynamic version. The third model accounts for
an endogenous monitoring model in a static version. These three models examine
three scenarios: fishermen working in the artisanal organisation without a regulator;
fishermen controlled by the regulator; and fishermen controlled by the organisation
and the regulator. All of these models aim to define the optimum fine that should
be set by the regulators to incentivize fishermen to catch the assigned quota. Testing
a wide range of models, I expect to obtain more precise guidelines for monitoring
decisions in the artisanal sector.

Due to the lack of knowledge about enforcement and compliance under the TURFs
system in Chile, I expect to contribute novel information that can aid further policy
decision making by multiple actors. The use of a theoretical approach allows me to
examine several sceneries without being limited by the availability and reliability of
illegal catching and poaching resources data. Nevertheless, some further empirical
research is suggested as a possible extension of my work.

The results show that the extraction efforts are higher when fishermen work only
with the artisanal organisation. Moreover, the regulator’s fine is lower and the organ-
isation’s fine is higher when fishermen are working together with the organisation and
the regulator. The case with both agents is better compared to the others because it
generates higher welfare and also concerns the sustainability of the resources.

The rest of the paper is organised as follows: section 4.2 gives a literature review
of theoretical studies focused on enforcement and compliance behaviours, section 4.3
explains the models developed, section 4.4 details an exogenous monitoring, section
4.5 shows cases based on exogenous monitoring extended to a dynamic version, section
4.6 covers cases based on endogenous monitoring, and in section 4.7, I compare all of
the models. Finally, section 4.8 provides conclusions and some possible extensions of

the work.
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4.2 Literature Review

There is a certain consensus that regimes based on property rights such as individual
quota (IQ), individual transferable quotas (ITQ), and territorial user rights (TURFs)
provide a positive framework to deal with overcatching problems and stock collapsing
(Isaksen and Richter, 2019; Costello et al., 2016; Coase, 1960). Nevertheless, it is
also true that the lack of compliance behaviours and optimum normative actions for
promoting enforcement are relevant matters in fisheries under those kinds of regimes
(Dietz et al., 2003; Hauck, 2008). My research provides new evidence that can help
tackle enforcement decisions under the TURF's system.

A review of the most relevant theoretical studies examining non-compliance and
enforcement reveals that most of them are focused on fishing in general, and less are
based on specific systems such as the I'TQs and TURFs. In the first case, I found
pioneer studies focused on the effects of illegal fishery on the catching quota defined
by regulators. For example, Sutinen and Andersen (1985) developed a model under
an open access system in order to contribute a more accurate quota assignation for
regulators, thereby reducing enforcement costs and promoting compliance. Similar
attempts were made by (Milliman, 1986) who proposed a model with legal and illegal
markets to examine how the illegal catching impacts on the quota assigned by the
regulators. Anderson and Lee (1986) observed how firms react to possible penalties
from the regulator. Anderson (1989) compared fisheries regulations and their impor-
tance in the policy application and, finally, Charles et al. (1999) studied the responses
of individual fishermen to the regulations.

All of the studies mentioned above discuss the need for balancing normative en-
forcement actions and fishermen’s compliance behaviours. However, there are some
limitations that I will address in this chapter. First, instead of a governmental au-
thority as the unique regulator, I also evaluate the presence of artisanal organisations
as fishermen’s regulators. Second, whereas in the studies above the regulators define
an individual quota for fishermen, I estimate a quota for the whole fishery. Such a

decision makes the estimations based on just one quota easier as well as minimising
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enforcement costs. Third, I propose a set of models that together lead to a more effi-
cient enforcement system because the controls are not only applied by a governmental
authority, but also by the organisations for each fisherman and among fishermen. Fi-
nally, the cost function in the studies mentioned above does not account for the
externalities generated by other fishermen, while my research does.

Other recent studies have highlighted the importance of accurate enforcement
models for policy guidelines. For example, Kotchen and Segerson (2019) and Zhou
and Segerson (2016) analysed group performance through the application of non-point
source pollution problem, which was generalised to different contexts. Among these,
the closest one to my paper is given by the proportional tax with an allowable group
limit, where the main analysis is based on 2 agents imposing externalities outside of
the group. This research builds on earlier work by Segerson (1988) on the non-point
pollution problem, where the individual pollution is not observed for the regulator.
In contrast to those studies, I consider that the agents impose externalities outside
of the group but also on each other.

On the other hand, there are some studies based on ITQs that examine the impact
of different tax systems on the assigned quota in fisheries with illegal catching (Salgado
and Chévez, 2016; Costello et al., 2008; Chavez and Salgado, 2005). They search for
the best tax solution to increase enforcement and reduce quota violations. However,
there are some limitations due to the static vision of the violations, whereby there
is no consideration that catching in the second period is impacted by the decisions
taken in the first (Chédvez and Salgado, 2005); or because they are based on developed
countries in which the authorities properly enforce compliance (Costello et al., 2008);
or because they are focused on individual decisions instead of collective ones (Chévez
and Salgado, 2005).

Overcoming such limitations, my research considers a dynamic model that al-
lows fishermen, organisations and regulators to increase their profit accounting for
information from different periods of time. Moreover, I involve a richer set of op-
tions with sanctions from the regulator and organisations working simultaneously or

individually, instead of only considering taxes imposed by the regulator.
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Finally, only one study was found that focused on the TURF's regime and used
a theoretical approach. Villena and Chavez (2005) formed a static game of norm
compliance involving monitoring and penalty strategies under a regime of common
property resource exploitation. They examined whether fishing communities with
no tradition in co-operative management were able to achieve an appropriate level
of compliance using a simultaneous game in which no regulator was included. On
the contrary, I propose the inclusion of both a governmental authority and artisanal
organisations as key regulator actors, whereby their decisions are sequential.

Additionally, some research, such as Casas et al. (2017) and Inoue et al. (2008),
among others, explores the issue of who is monitoring the monitors. Although, those
studies are applied in other contexts, they highlight the importance of monitoring
the regulators due to the presence of bias favouring their own preferences. Such
a point is especially relevant in accounting for the artisanal organisations as a key
monitor under the TURFs system. It might be not recommended to delegate to the
organisations the whole responsibility for keeping their catching below or equal to
their quota assigned by the governmental authority. In this sense, I evaluate the
effect of the presence of the organisation and the regulator in the compliance with
the quota, by alternating between the regulator, the organisation and both of them
in the structure of the game.

In the next section, I explain in detail the models developed to promote enforce-

ment and compliance in the TURFs management.

4.3 Model

A static version of the exogenous monitoring model is analysed in the first instance.
Then, it is compared with its dynamic and endogenous monitoring versions. Exploring
the reasons why the regulator and organisation are necessary in the game, all of the
previous models are analysed in three different scenarios. The first scenario considers
the artisanal organisation setting quotas and fines for exceeding the quotas to the

individual fishermen. The second scenario considers a regulator setting a quota and
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a fine for the whole fishery. Finally, the third scenario includes both agents, the
regulator setting a quota and fine for the artisanal organisation, and the organisation
setting quotas and fines for individual fishermen.

These models aim to reconcile the normative (regulator) and positive (organi-
sation/fisherman) analysis through the right fines. Basically, the models solve the
problem of poaching in the fishery with the right fines.

All cases are solved considering two fishermen ¢ and j; and an initial stock of
resources is considered as given and defined by S.

The two fishermen are identical in terms of the harvest and cost functions. The
extraction for each fisherman is given by Se; and Se;, where S shows the level of
stock (.9), the extraction effort level for fishermen are presented by e; and e; and the
total effort is given by E¥ = e; +e¢;. The cost of fishing, following Espinola-Arredondo
and Munoz-Garcia (2013), is defined as:

where ¢, > 0 is an effort cost parameter and the fraction represents the product of
individual effort with the total effort. This cost function is increasing in fisherman
1’s own effort and in his rival’s extraction effort, it can be understood as a negative
externalities: when a fisherman appropriates one more unit of fish, this unit is not
available to other fishermen, which increases their appropriation costs if they seek
to maintain their appropriation level unaltered. Intuitively, the stock abundance
decreases as fishing increases, making it harder to catch an additional unit of fish.
The fisherman without regulation faces the following maximisation problem:

ei(e; + ¢€5)
MAX Ty = S€; — Ce———>

12 5 (4.1)

Where the first term represents the revenue with the price of fish normalized to one

and the second one shows the fishing cost. Therefore, differentiating with respect to
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e;, we obtain:
S = Z(2ei+¢5) =0

From this, the reaction curve for fisherman ¢ without regulation is:

S 1
cilej) = — =56

In this context, the equilibrium can be depicted as the point where the two fishermen’s

reaction curves cross each other; as illustrated in figure 4.1.

Figure 4.1: Equilibrium effort in the case without regulation
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Then, the optimal total effort without regulation is:

_ 4
E=¢+e = 3;9 (4.2)

Substituting (4.2) into (4.1), the profit in equilibrium for the fisherman without

292
Wi,nr = 9¢ (43)

regulation is:

In order to obtain an interior solution £ < 1 for all of the scenarios analysed, it
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is assumed that the cost of effort is higher than 4/3 times the stock:

e > 4.4
o> (14)

The organisation and the regulator can penalise a fisherman or an organisation re-
spectively, if they are detected extracting more than their assigned quota. In Sections
4.4 and 4.5, the probabilities of detection are given exogenously by 3 for the regulator
and « for the organisation. Depending on the level of over-extraction detected, there
are two rates of penalisation: the first one, F', is given by the regulator if the total
extraction of the fishery is above the quota defined by the regulator; second, a fine
f, is imposed by the organisation if a fisherman’s extraction is higher than the quota
defined for him. As we shall see, with exogenous monitoring the organisation and
the regulator can implement their preferred level of extraction with different combi-
nations of quotas and fines. I shall assume that they would choose the combination

that minimises the burden on the fishermen.

4.4 Exogenous Monitoring, static version.

The first case analysed considers fishermen working with the artisanal organisation,
with exogenous monitoring. The next case considers only the regulator and the last

case includes both, the regulator and the organisation.

4.4.1 Case 1: Only organisation.

A scenario with only the organisation and fishermen is analysed, where the stages of
the model are as follows:

In the first stage, the organisation decides an extraction quota for each fisherman
Se,, and fines for exceeding the quota, proportional to the violation at rate f. When
the fine is imposed on one fisherman, the revenue is given to the other player.

In the second stage, each member (fisherman) chooses his own level of appropri-

ation (Se; and Se;).
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The model is solved by backward induction.

Second stage, Fisherman i.

Fisherman ¢ maximises his benefits by choosing e; according to the following equation:

ei(e; + ¢€5)
maxm; = Se; — Ce——————
€

—ad; f(Se; — Seq) + adjf(Se; — Se,) (4.5)

Where the first term represents the revenue of selling the catch Se; (the price is
normalized to 1). The second term shows the total extraction cost. The third term
represents the sanction imposed if he is caught extracting more than his quota and
the last term represents the sanction imposed on player j if he is caught extracting

over the quota, which is given to the player ¢; and

1,1f €; > €4

0, Otherwise.

Differentiating the equation (4.5) with respect to e; for the condition e; # e, we
obtain

1
Ce; = S — §C€€j —Sal;f (4.6)

The expression above shows that the marginal cost of fishing (left hand side) is
equal to the marginal benefits (right hand side).

When e; = ¢4, the first order conditions are:

1 1
\S— 5CeCi = aSf < ce; <S5 — 5CeC (4.7)
~~ Mc  S—~—
MBrp;=1 MBr,=o

Where the left hand side shows the marginal benefits when the quota is exceeded;
the marginal costs are given by the expression in the middle; and the right hand side
shows the marginal benefits when the extraction is below the quota.

Figure 4.2 shows the reaction curve for fisherman i, when the organisation defines

a quota, eg.
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Figure 4.2: Reaction curve for e;.
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In the graph above, if the extraction effort of fisherman ¢ is below the quota e, he

keeps the original reaction curve e;(e;) = Ci—%ej, but when the effort is over the quota,
the curve e;(e;) = % —2ej — O‘C—if moves down and Saf/c. represents the expected

fine from the organisation. In the interval [0, 20—*5 — % — 2¢,) fisherman j’s effort is
low and fisherman ¢ prefers to exceed the quota and pays the fine, e, < ¢; < w
Then, the horizontal blue line represents when fisherman ¢ catches exactly level of
the quota, e; = ¢,. In the last interval (3—: — 26(1,%] fisherman j’s effort is big and

fisherman ¢’s effort is below the quota, 0 <e; < e,.

First stage, Organisation.

In stage one, the organisation induces the level of appropriation that maximises joint

profits; this should be at the individual effort.

max m, = (Sei - CBM) + (Sej — cew) (4.8)

Deriving the first order conditions for the optimal e; and e;, which I call e;, and

€jo, representing the organisation’s preferred level of effort.

S — ce(€io +€jo) =0 (4.9)
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The result above shows that the joint profits are determined by the joint effort, re-
gardless of how it is distributed between the two fishermen. The first order conditions

define the sum of the efforts, E, = e;, + ¢€;,, given by:

B2
Ce

(4.10)

Equation (4.10) represents the total effort preferred by the organisation, which
is lower than the effort selected by the fisherman without regulation, equation (4.2),
which is why the organisation needs to impose quotas.

The organisation has to impose the same quota Se, and the same fine f on each
fisherman. This means that the quota has to be on the e; = ¢; line in Figures 4.3 and
4.4. The organisation’s preferred effort level per fisherman is then e, = E,/2, as also
shown in Figures 4.3 and 4.4. There are many combinations of f and e, that lead to
the organisation’s preferred effort level of e, = E,/2. However, as noted in section
4.3, the organisation can implement its preferred level of extraction with different
combinations of quotas and fines, as shown in Figure 4.4. Then the organisation will
minimise the burden on the fishermen, setting e, = e, and f at the lowest level that
satisfies that relationship, as shown Figure 4.3. Therefore, solving the first equation
in (4.7) with equality, setting e; = e¢; = E,/2, with E, given by (4.10), yields the
equilibrium fines:

f=— (4.11)

The optimal fines induce each fisherman to select the optimal extraction, e,. In
addition, the fines are decreasing in the probability « that fisherman ¢ is monitored.
Figure 4.3 shows the reaction curves for fisherman ¢ (blue line) and fisherman j

(red line) in equilibrium.
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Figure 4.3: Reaction curves for e; and e; in equilibrium.

>
&

In order to illustrate that there are different ways to get the quota, figure 4.4
shows the reaction curves for fisherman ¢ (blue line) and fisherman j (red line), when
the fine is higher, graph (a) and when the quota is lower, graph (b). In graph (a), the
quota is still at the preferred extraction level, (e, = e,), but at a higher fine (f). The
reaction curve decreases in the fine when the fisherman’s effort is over the quota. In
graph (b), reducing the quota from e, to e, the reaction curves intercept at e,, which
is higher than the quota; therefore the fisherman prefers to exceed the quota and pay

the fine.
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Figure 4.4: Reaction curves for fishermen ¢ and j.
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(a) For a higher fine. (b) For a lower quota.

The analysis above is applied for all of the scenarios studied in the paper when
the organisation is presented in the game. Since each fisherman’s catch equals his
quota and their efforts add up to the organisation’s preferred total effort level (4.11),

their equilibrium effort levels in Case 1 are:

> — e (4.12)

€i:€j:€q:E0/2:20 =

Substituting this into (4.5) and (4.8) gives the equilibrium payoffs for fishermen

and organisation respectively:

. S

T = Ic. (4.13)
. S

7r071 - 206 (414)

The above results show that the equilibrium for those variables only depends on the
stock, S and the cost of effort, c¢.. The equilibrium for effort and profits increases in
S, but decreases in c.. This is intuitive as fishermen and organisation increase their

extraction or quota as the resource becomes more abundant (higher S), but decrease
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them as their cost of extractions becomes higher.

4.4.2 Case 2: Only a regulator.

Case 2 analyses a scenario with only a regulator, and the stages of the model are
outlined as follows:

In the first stage, the regulator sets up the quota SE, , for the whole fishery, and
a fine for exceeding the quota, proportional to the violation at rate F. If there is a
fine, each fisherman needs to pay half of the fine.

In the second stage, each member (fisherman) chooses his own level of appropria-
tion (Se; and Se;), which could be higher than the quota proposed by the regulator.

The model is solved by backward induction.

Second stage, Fisherman i.

Fisherman-i maximises his benefits by choosing e; according to the following equation:

maxm; = Se; — cem

F
W 5 - 51055(61 +ej — Ey) (4.15)

Where the first term represents the revenue from selling the catch Se;; the second
term shows the total extraction cost; the third term represents the sanction received

if the organisation is caught extracting more than its quota; and

1,if€i+€j > Eq
0, Otherwise.

Differentiating the equation (4.15) with respect to e; for the condition e; + e; # E,
we obtain:
1

F
Ce€; = S — §Ce€j — 65510

Where the left hand side shows the marginal cost of fishing, which is equal to the
marginal benefits on the right hand side.
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Then, differentiating (4.15) with respect to e; for the condition e; +e; = E;:

1 F 1
S — §cee]~ — 655 < cee; <85 — §ceej
MBr;=1 MBr,—o

The expression above shows the marginal benefits when the quota is exceeded on the
left hand side; the marginal costs are given by the expression in the middle; and the

right hand side shows the marginal benefits when the extraction is below the quota.

Figure 4.5: Reaction curves for e;.
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Figure 4.5 shows the reaction curves for fisherman ¢ (blue line), when the regulator
defines a quota for the whole fishery, F,. In this case, the constraint of the quota is
given by the total effort, e; +¢; < E,. It is a decreasing line with a slope equal to
-1; therefore, all of the points in this line represent the same amount of total effort
for the two fishermen. In the first interval [0, 2E, — i—f), the effort of fisherman j
is low and fisherman i’s effort is below the quota. In the second interval [2E, — %,
2F, — 2C—S + 65—5], fisherman i stick to the quota. In the last interval (2E, — 2C—S B %,

2E, + 65—ES], when fisherman j’s effort is high, fisherman ¢ prefers to exceed the quota

and pays the fine.
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First stage, Regulator.

Similar to case 1, the regulator seeks to induce the level of appropriation that max-
imises the social welfare in terms of fishery profits, gross of any fine. The regulator
sees the fine as a transfer from the fishermen to the rest of society, both of whom
receive equal weight in its social welfare function. Furthermore, the regulator is also
concerned about future profits through the stock at the end of the period; based
on Perman et al. (2011) page 566, the fish-stock growth is defined as the biological
growth (Sg) less the quantity harvested (SE).

2

mgXW: (SE—CG%)+d[S(1+g—E)] (4.16)

Where d < 1 represents the concern about future profits. I denote with E, the

regulator’s preferred level of E. Thus, differentiating and solving for E,., we obtain:

B - M (4.17)

If the above effort is compared with those found in case 1, equation (4.12), and the
case without regulation, equation (4.2), it is less than them. Thus, the regulator
wants to limit fishermen’s efforts. In particular, the effort becomes lower when the
concern about future profits increases.

Similar to case 1, the regulator will choose the combination of quota and fine that
minimises the burden on the fishermen. This means that the quota has to be on the
e;+e; = E, black line in Figure 4.6. The regulator’s preferred effort level per fisherman
is then e, = F, /2, as also shown in Figures 4.6 and 4.7. Therefore, the regulator sets
up E,/2 = e; = e;, which follows from the fishermen’s first order conditions in
equation (4.17). Thus, the fine F'; which archives the regulator’s preferred level of

extraction, is:
_1+3d

F = 25

The regulator’s fine increases in d, but it decreases in [, indicating that the fine

(4.18)

increases as the concern about future profits increases. On the other hand, the regu-
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lator’s fine decreases as the probability of catching overfishing increases.

Figure 4.6 shows the reaction curves for fishermen i and j in equilibrium. The
regulator sets the quota at their preferred level, E, = E,, the equilibrium quota is
given at that level, e; = e¢; = ¢, and the fine is selected at the lower level. For the
interval [0, e,] in the horizontal axes, fisherman j exceeds the quota and fisherman i
sticks to the quota. In the following interval (e; > e,), fisherman i exceeds the quota

and fisherman j sticks to the quota.

Figure 4.6: Reaction curves in equilibrium.
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Figure 4.7 shows the reaction curves for fisherman i (blue line) and fisherman j
(red line) for a higher fine, graph (a), and for a lower quota, graph (b). In graph (a),
the quota is still E,. but the fine is higher, therefore, the reaction curves for fishermen
i and j shift to the left. There is an overlap equilibrium region in the interval [a, b].
However, from the point of view of the regulator, they do not care how the effort is
distributed.

In graph (b), the regulator reduces the quota from his preferred level E, to E.
In equilibrium both exceed the quota, but they reaches the level of effort preferred
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by the regulator, E,.

Figure 4.7: Reaction curves for fishermen ¢ and j.
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(a) For a higher fine. (b) For a lower quota.

Since the fishermen’s total catch equals the regulator’s quota and their total efforts
add up to the regulator’s preferred total effort level (4.17), their equilibrium effort

levels in Case 2 are:

S(1—d
€ = €; = Eq/2 = ET/Q = % = 6;:2 (419)

Substituting this into (4.15) and (4.21) gives the equilibrium payoffs for fishermen

and regulator respectively:

S%(1 — d?)
Y, = —r 4.2
7T2,2 406 ( 0)
S2(1 — d?
Wi = %er(lJrg)S (4.21)

4.4.3 Case 3: Organisation and Regulator.

This case analyses a scenario with the organisation and the regulator, where the

stages of the model are as follows:
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In the first stage, the regulator sets up an extraction quota SE,, for the artisanal
organisation, and a fine at rate F.

In the second stage, the organisation decides the extraction quota Se, for each
fisherman, and the fines for exceeding the quota at rate f. When a fine is imposed
on one fisherman, the revenue goes to the other fisherman.

In the third stage, each member (fisherman) chooses his own level of appropriation
(Se; and Se;).

The model is solved by backward induction.

Third stage, Fisherman i.

Fisherman-i maximises his benefits by choosing e; according to the following equation:

ei(e; +¢€;)
maxm; = Se; — Ce——————
€

—al;fS(e; —eqy) +al;fS(e; —e,) — ¢ (4.22)

Where the first term represents the revenue from selling catch Se;; the second term
shows the total extraction cost; the third term represents the sanction received by
fisherman ¢ if he is caught extracting more than his quota; the fourth term represents
the fine imposed on player j if he is caught extracting over the quota, which is given
to player i; and the last term shows fisherman ¢’s payment to the organisation to
cover the expected fine that the organisation has to pay to the regulator. Fisherman

1 sees this payment as exogenous and independent of his effort; and

1,if e; > ¢4

0, Otherwise.

Differentiating (4.22) with respect to e; for the conditions e; # e,:

1
Ce; = S — §ceej —al;fS (4.23)
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Differentiating (4.22) with respect to e; for the conditions e; = e,:
1 1
S — 5CeCi — afS <ce <S5 — 5CeC (4.24)

Note that the above first order conditions are the same as we saw in equations

(4.6) and (4.7) in Case 1.

Second stage, Organisation.

The organisation induces the level of appropriation that maximises the joint profits,
max T, = S(E) — =(E)* - BI,FS(E - E,) (4.25)

Where,
1, if £ > E,
0, Otherwise.
Differentiating the equation (4.25) with respect to e; for the condition E # E,,

we obtain:

¢.E =S — BI,FS (4.26)

Where the left hand side shows the marginal cost of fishing, which is equal to the
marginal benefits on the right hand side. Note that for £ < Eq, this is the same as
(4.9), in Case 1. Thus, even if the regulator’s quota is not binding, the organisation

will want to restrict the fishermen’s efforts.
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Figure 4.8: Organisation’s marginal costs (MC) and marginal benefits (MB), E # E,.
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Figure 4.8 represents the scenarios of £/ # E,. There are two possible options:
first, £ < E, (left hand side of graph), which represents an interior solution when
the fisherman’s effort is lower than the effort defined by the organisation; and second,
E > E, (right hand side of graph), which shows a solution where the fisherman’s
effort is above the extraction effort defined by the organisation. The marginal benefit
function has a discontinuity at F,, due to the probability of receiving a sanction from
the organisation.

Then, differentiating (4.25) with respect to e; for the condition E = E:

S—pPFS<cE < S 4.27
BES < cE < S, (4.27)
MB]O:1 MC MBIO:O

The expression above shows the marginal benefits when the quota is exceeded on the
left hand side; the marginal costs are given by the expression in the middle; and the

right hand side shows the marginal benefits when the extraction is below the quota.
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Figure 4.9: Organisation’s marginal costs (MC) and marginal benefits (MB), £ = E,.
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Figure 4.9 shows the curves for the marginal benefits and marginal costs according
to the relation (4.7). The marginal benefits have a discontinuity as they depend on the
fine (f) and the quota. Therefore, there are many combinations of f and E, that can
be selected by the organisation that lead to the same level of E, those combinations
modify the level of marginal benefits when the extraction is over the quota. They are
represented by the M By, lines on the graph.

As in Case 1, we can only solve (4.26) and (4.27) for the sum of efforts E,,, that
the organisation prefers. Also as in Case 1, the organisation will implement the E,,
by setting the quotas and the fines to minimise the burden on the fishermen. The
organisation will thus set e, = E,,/2. Substituting e; = e; = E,,/2 into the first
equation of (4.27) with equality yields the fine:

f(Eoq) = é (1 — 302?‘”) (4.28)

First stage, Regulator.
The regulator maximises social welfare through the maximisation of the joint profits
and concern about future profits.

2

E
max W = (SEy, — ceﬁ) +d[S(1+g— Ey)] (4.29)

oq
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The maximisation problem above takes into account that the fishermen stick to
the quotas Se; = Se; = SE,,;/2 set by the organisation. Then, differentiating with

respect to E,, and solving for the regulator’s preferred joint effort level E,:

-2 (4.30)

Ce Ce

Note that this is the same as FE, in (4.17). The regulator’s preferred effort level
does not depend on whether or not there is an artisanal organisation, because the
artisanal organisation can get the fishermen to select its own preferred effort level. The
regulator wants the organisation to select the quota at the level they prefer, F,, but
with a combination of quota and fine that minimises the burden on the organisation.
Therefore, the regulator sets £ = E, = E, in (4.30) and the first equation of (4.27)
with equality to get fine F.

F = (4.31)

™|

Substituting E,, = E, from (4.30) into (

W~

.28) yields the fine that the organisation

imposes on the fishermen in Case 3:

1 3d
fi=—+ (4.32)

da ' da

The regulator’s fine increases in the concern about future profits and decreases in
the probability of being monitored, 8. In addition, this fine is lower than in Case 2,
equation (4.18), this is because the fine in equation (4.31) to the organisation only
has to correct for the fact that the organisation ignores future profits. Furthermore,
the fine in equation (4.28) that the organisation imposes on the fishermen corrects
for the externalities that they inflict upon each other. In Case 2, the regulator’s fine
in equation (4.18) to the fishermen has to correct for both.

Since the catches per fisherman equal their respective quotas from the organisation
which add up to the regulator’s quota, and the fishermen’s total efforts add up to the

regulator’s preferred total effort level (4.30), their equilibrium effort levels in Case 3
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are:

S(l1—d
e =e; =e;= Oq/2:Eq/2:ET/2:%Ee;3 (4.33)

Substituting this into (4.22), (4.25) and (4.29) gives the equilibrium payoffs for

fishermen, organisation and regulator respectively:

. . Sl -
Tizg = T2 = Fl-d) 10 ) (4.34)
S%(1 — d?)
. = —— "7 4.
7TO,3 2ce ( 35)
S%(1 — d?
Wy = Wy = % +d(1+4g)S (4.36)

4.5 Exogenous Monitoring, a dynamic version.

This section analyses the exogenous monitoring in a dynamic version context, con-
sidering two periods.

The following variables are defined: first, X = x; + x; represents the total ef-
fort, and z; and z; show the fisherman’s effort for the first period; second, d is the
fisherman discount factor and 9, is the regulator discount factor; third, s represents
the initial stock; fourth, ¢ and T" show the organisation’s and the regulator’s fines
in period-1; and finally, the stock in the second period is represented by S, which
is represented in the same way as in cases 2 and 3, which means that the fish stock

growth is a function of the biological growth less the quantity harvested. That is,
S =s+sg— s(x; + ;) (4.37)

Note that while the regulator’s concern for the future was modelled by setting
d > 0 in (4.16), in this case it will be modeled by giving the regulator a larger
discount factor than the organisation and the fishermen: 0 < ¢y < 6, < 1. Thus, the
results from Section 4.4 represent the solution for period two, but with d = 0.

I assume the following relationships to hold for the second order conditions to be
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satisfied:

2 —6.5°>0 (4.38)

In order to evaluate X = x; + x; > 0 to hold, we look at the strictest case (Case

2’) where the relevant condition is:

(1+9)5, < % (4.39)
On the other hand, for the first period, fisherman i internalises (4.3), which rep-

resents the solution for the second period, and maximises its profits according to the

following equation:

= ST — Comm——IL 4§ 4.40
MAX 7T = $T; = ¢ 5 f [966 (4.40)
Substituting (4.37) and differentiating (4.40) with respect to z;, we obtain:
Ce 4s*(1+ g — x; — x))
8—5(2ZEZ+$])—6J£ |: gce J
Then, solving simultaneously for both fishermen, we find:!
45(9ce — 4(1 )

2702 — 16825f

Which represents the total fishermen’s effort for the case without regulation.
Therefore, to examine the conditions for the existence of an interior solution in
the total fishermen’s effort X = x;4+x; < 1, we look at the most lenient case (without

regulation), equation (4.41), which holds if

9¢.(4s — 3c.)

o >
/ 16gs?

(4.42)

As we saw in section 4.3, fishermen without regulation maximise the problem (4.1),

which represents the second period in the dynamic version. Therefore, substituting

!Note that the denominator on the RHS is positive by (4.38). The same is true for the expressions
for x; and X in (4.46), (4.49), (4.55) and (4.64).
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(4.37) into (4.4), the condition for F < 1 is:

3¢,

X>149-— s

Substituting (4.41) and solving for d; yields:

3(4s — 3c.)?> 9

0r < —ce (1 —
f 1652 +4SC( 9)

Condition (4.38) implies ¢Z — d;s? > 0. Combining this with (4.42) yields:

9ce(4s — 3c.) c?

16¢gs2 <0< $2

A necessary condition for both inequalities to hold simultaneously is:

9ce(4s — 3c.) _ 2
16¢gs2 52

which can be rewritten as:

ce(27 + 16g) — 365 > 0 (4.43)

4.5.1 Case 1’: Only organisation.

This case follows the same game structure as case 1, but it extends to two periods.

Second stage, Fisherman .

Fisherman 7 internalises the second period profits from equation (4.13) and maximises

his profits accounting for two periods according to the following equation:

52
4c,

max m; = Sx; — cew —adits(x; — ) + aldjts(z; — xg) + Oy {

} (4.44)
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and,
1, if & >z,

0, Otherwise.

Therefore, differentiating (4.44) with respect to z; for the condition z; # z,, we

obtain:
2
s‘x; 1
=5— —c.xj — alits — 0
2¢, 2

(4.45)

2 1 o
Cei — Of sty x])}

2¢c,
Similar to (4.6) in case 1, the above equation shows that the cost is equal to the
marginal benefits of fishing for the first period. Moreover, equation (4.45) also includes
the effect of the effort on the second-period profit, which is given on the LHS by the
second term and is a function of fisherman ¢’s effort. On the RHS, the effect is given

by the last term and depends on fisherman j’s effort.

The second order condition of (4.45) is given by:
0%(r;) 2

S
ax? = —Ce+5f206 <0

The inequality above holds by (4.38). Therefore, solving (4.45) for z; = z;, accounting
for I; = 0, i.e. without regulation in period one, but with regulation in period two,

total effort in period one is:

25(2c. — (g +1)sdy)

X" =
3c2 — 2520y

(4.46)

On the one hand, the total fishermen’s effort is higher than zero (X% > 0) if §; <

(1%3)57 which holds from (4.39) since 05 < d,. On the other hand, the total fishermen’s

effort is less than one (X% < 1) if 6; > %, which holds by (4.42).

Differentiating (4.44) with respect to x; for the condition z; = z,, we find:

s%x;

2¢,

S(l+g—=
2¢,

s (14 g —x)
2¢,

1 ; 1
3_§Cexj—at3—5f { ])] < Cew;—0y < S_ﬁcel'j_(sf {
(4.47)
The expression above shows the marginal benefits when the quota is exceeded on the

left hand side; the marginal costs are given by the expression in the middle; and the
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right hand side shows the marginal benefits when the extraction is below the quota.

First stage, Organisation.

The organisation selects the level of appropriation that maximises the joint profits
for both periods. The second period profit is according to 7 ;, equation (4.13), from
case 1. Furthermore, the organisation takes the same discount factor as the fishermen

in terms of the future profits.

2

X S?
maxm, = sX — Cey + 4y [2CJ (4.48)

Substituting the stock, (4.37), and differentiating (4.48) with respect to X, we obtain:

21 - X
S—CEX—6f|:S( 9 )}:O

Ce

and, the second order condition is given by:

52
—Ce + (Sfc— <0

e

Which holds by the inequality (4.38) and d; < §,. Then, the organisation’s preferred

total effort level in period one is:

s(ce —s(g+1)dy)
2 — 520

X, = (4.49)

X, > 0 by (4.39) and §; < J,. We shall now see that this is lower than what
fishermen do by themselves in total from (4.46), X, < X%. Suppose, on the contrary,
that X, > X for some d; values. It is easily seen that X, < X% for §; = 0. But can
X, > X" for high enough 4;?
Solving for 6; from X = X, in (4.46) and (4.49) yields:
2

= SR — (1t gl (4.50)
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In order for X, > X for some &; values, the RHS of (4.50) would have to be
positive, which requires:

2s — (14 g)ce >0 (4.51)
However, substituting (4.50) into (4.46) and (4.49) yields:

_25

XY =X, > 1

Ce

The inequality follows from (4.51).

We conclude that X, < X% for all X% < 1.

As we saw before, the organisation will set the quotas equal to its preferred level
and the fines as low as possible. This means, solving for the first equation of (4.47)

with equality, and setting z; = z; = z, = X, /2:

1 2 1 o 2 ;
§ = 5Cej — afs—dy [S(J;—i%)] = Celly — 5fs2cxe
The solution is:
1 drsfce(l+g) — s 1
t=—|1 > — 4.52
4o [ - c2 — 520y 4o (4.52)

The inequality follows from (4.41) and (4.43).

4.5.2 Case 2’: Only regulator.

This case follows the same game structure as case 2 with d = 0, but it extends to two
periods.

Second stage, Fisherman .

Fisherman ¢ internalises the second period profit, equation (4.15) with d = 0, into his

maximisation problem for the two periods, according to the following equation:

T S?
nﬁxm = 8T — Comg— 6[055(1:1- +z; — X,) + 5 [403} (4.53)
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and,
1, if o +2; > X,
0, Otherwise.
Where 6 represents the discount factor for fishermen and X, shows the total effort
imposed by the regulator and S is given by (4.37).
Differentiating the maximisation problem (4.53) with respect to z; for the condi-

tion x; # x4, we obtain:

s2x; 1 T
e § = 5Ca®j — ﬁES[o — 0y [

21 e
Cei — Of s (l+g IJ)]

2¢,

Where the left hand side shows the marginal cost of fishing for period one, which is
equal to the marginal benefits on the right hand side.
Then, differentiating (4.53) with respect to x; for the condition z; = z,:

S7T;

1 T s (1+g—x)
5 = 5Celj — /BES — 0y { 2. 2| < cewi — b 2. (4.54)
1 s (1+g—x)
Ss—ﬁcezzj—éf [ % j

Where the first expression shows the marginal benefits when the quota is exceeded;
the expression in the middle shows the marginal costs; and the third expression

represents the marginal benefits when the extraction is below the quota.

First stage, Regulator.

The regulator seeks to induce the level of appropriation that maximises the social
welfare in terms of joint profits for both periods. Substituting the second period

welfare (4.21) from case 2 with d = 0, the maximisation problem can be written as:

X2 SQ
= (5X — e ) 4, |
max W (s ¢ 2)—1— [206]
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Substituting (4.37) and differentiating with respect to X:

2 _
S_CEX_(;T{M]:O

Ce

and, the second order condition is given by:

2
—ce—|—5rs— <0

€

which holds by (4.38). Then, the regulator’s preferred total effort is:

s(ce — (g +1)sd,)

X, =
2 — 526,

(4.55)

Which is higher than zero by (4.39), X, > 0, and; it is less than the organisation’s
preferred effort, (4.49), because X, = X, for 6, = §; and X, is decreasing in ¢, by
(4.43).

In order to determine the fine, the regulator selects X, /2 = x;, which archives the

regulator’s preferred level of extraction and minimises the burden on the fisherman:

1 1+s(35T—25f)(ce(1+g)—3) - 1

T=_— —
23 2 — 520, 20

(4.56)

The inequality holds by (4.38), (4.43) and &; < 9.

4.5.3 Case 3’: Organisation and regulator

This case is a two periods game, where the first part is given by the case 3 and the
second period follows the same structure that games with organisation and regulator

involved. A detail of the structure can be found in 4.4.3.
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Third stage, Fisherman i.

Fisherman 7 internalises the second period profits from equation (4.34) with d = 0, and

maximises his profits accounting for two periods according to the following equation:

i j S?
max m; = ST; — cew —adits(z; — xg) + adjts(x; — xy) — P + Iy {4 ]
Ti Ce
(4.57)

and
1, if 2 >z,

0, Otherwise.
Where x; and z; represent the fishermen’s effort, s is the stock at period one and v
represents fisherman ¢’s payment to the organisation to cover the expected fine that
the organisation has to pay to the regulator.
Therefore, substituting the stock for the second period, equation (4.37), and dif-

ferentiating (4.57) with respect to x; for the condition z; # z,, we obtain:

2 ; 1
5 =5 — —c.xj — atl;s — iy
2¢, 2

s*(1+g— xj)}

Col; — O
et Of 2¢,

Then, differentiating (4.57) with respect to x; for the condition z; = z,, we find:

2 2 2
Cel s°(1+g—x;) s*x; Cell; s*(1+4+g — )
Sl s — oy |TUTI I < 5 S g S | SRR )
TT Ty T f[ 2, =Cele T 0 G =0T Ty T 2,

(4.58)

Note that the above first order conditions are the same as those in equations (4.45)

and (4.47) in case 1’
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Second stage, Organisation.

The organisation induces the level of appropriation that maximises joint profits with

period-2 joint profits given by (4.35) with d = 0.

X? S?
max 7, = sX — Ceym — BTsl, (X — X,) + 0y [QCJ (4.59)

and,
1, it X > X,
0, Otherwise.

Substituting the stock for the second period, equation (4.37), and differentiating
(4.59) with respect to X for the condition X # X, we obtain:

82

CeX — 5f2
Ce

X =s— fTsl, — 6 [82(21—;”)} (4.60)

Which represents the marginal cost equals to the marginal benefits. Then, differ-

entiating (4.59) with respect to X for the condition X = X:

82

= Ce f2

e

(4.61)

“0-+0)]

s—ﬁTs—éf[ X§8—5f[
Ce

Ce

The expression above shows the marginal benefits when the quota is exceeded
on the left hand side; the marginal costs are given by the expression in the middle;
and the right hand side shows the marginal benefits when the extraction is below the
quota.

As in case 17, we can only solve for the sum of efforts X,, that the organisation
prefers. The organisation will implement this X,, by setting the quotas and the fines
to minimize the burden on the fishermen. It will thus set x, = X,,/2. Substituting

x; = x; = X,,/2 into the first equation of (4.58) with equality yields the fine:

4ces — 32X g — 2055% (14 g — Xog)
t(X0q> = . ! .

(4.62)

4o 50
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First stage, Regulator.
The regulator internalises the profit for the second period from equation (4.35) with
d = 0, and maximises the social welfare for two periods.

X2 82
m)?xW = (sX — 067) + 0, [2—66] (4.63)

X, denotes the regulator’s preferred level of X. Thus, differentiating (4.63) and
solving for X,., we obtain:

s(ce — (g +1)sd,)

X, =
2 — 520,

(4.64)

Then, regulator will choose the combination of quota and fine that minimises the
burden to the fishermen, that is setting X, = X,. Therefore, the fine 7" which achieves

the regulator’s preferred level of extraction is:

~s((g+1)ece—s) (6, — 0y)
= B (2 — s26,)

(4.65)

Which is positive by (4.38), (4.39) and 6, > d;. Then, substituting X,, = X, from
(4.64) into (4.62), we find:

2 +25% (05 — 26,) — (g + 1)sce (205 + 30,)
B dac (2 — s%0,)

t (4.66)

Which shows the organisation’s fine in equilibrium.

4.6 Endogenous Monitoring

In this section, I analyse a model with endogenous monitoring, which means that
the monitoring for the artisanal organisation is carried out by its fishing members,
who set their monitoring levels non-cooperatively. Monitoring by the regulator is still

exogenous, with a detection probability 3. Fisherman i’s cost of monitoring is ¢,,m?,
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and the probability that fisherman 7 detects fisherman j’s violation is a function of
fisherman ¢’s monitoring effort, P, = m;,.

It is assumed that the fine rate f > 0 for exceeding the quota is exogenous. This
is because the organisation’s payoff is increasing monotonically in f: the higher the
fine, the less monitoring fisherman ¢ has to do to obtain a given effort level from

fisherman j.

4.6.1 Case 17: Only organisation.

This section sets out a two stage model.

In the first stage, the artisanal organisation decides an extraction quota Se, for
each fisherman.

In the second stage, each member (fisherman) chooses his own level of appropri-

ation, Se; and Se; and monitoring level m; and m;.

Second stage, Fisherman i

Fisherman i chooses simultaneously his preferred effort and monitoring according to

the following equation

max ; = Se; — cew +milifS(ej —eg) — cmmi — m;LifS(e; —e,)  (4.67)
and,

1, ife; > e,
0, Otherwise.

Similar to before, the first two terms of equation (4.67) represent the net revenues
from extraction, the third term is the cost of monitoring and the last two terms
indicate that if fisherman ¢ monitors and finds fisherman j extracting above the
quota then he receives the fine imposed on fisherman j; however, if fisherman i is

found extracting over the quota, he needs to pay a fine.
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Differentiating (4.67) with respect to m;, we obtain:

iy = 121916 = o) (‘;f' ) (4.68)

Which shows that the marginal cost of monitoring is equal to the marginal benefits
of monitoring. Monitoring is equal to zero, m; = 0, when I; = 0, this means that
fisherman ¢ does not monitor when fisherman j’s extraction is below its quota. More-
over, the fisherman 7’s monitoring is positive if fisherman j’s extraction exceeds its
quota, e; > e,.

Differentiating (4.67) with respect to e;, for e; # e,, we obtain:
1
CelC; = S — §Ceej — Lmej (469)

Equation (4.69) shows that the marginal cost of extraction is equal to the marginal
benefits of fishing.
Differentiating (4.67) with respect to e; for the condition e; = e,, we find:

S — %ceej — fSm; <cee; <s5— %ceej (4.70)
The expression (4.70) shows the marginal benefits when the quota is exceeded on the
left hand side; the marginal costs are given by the expression in the middle; and the
right hand side shows the marginal benefits when the extraction is below the quota.
For a given quota e, there are two types of equilibria: on the one hand, if the
quota is larger than the extraction without the regulation found in equation (4.2)
eq > 25/3c., then the monitoring is zero m; = m; = 0 and the effort is given by
e; = e; = 25/3c.; on the other hand, if e, < 25/3c,, the equilibrium is given by
solving (4.68) and (4.69) with I; = 1 for fisherman’s effort and monitoring:

S (20, + f2Se,)
“ T T3cem 1252 (4.71)
S (25 — 3ceey)

6CeCy + 2252

m; (4.72)
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Fisherman’s effort and monitoring depend on the e, quota effort, which will be
determined in the next stage. However, in order to examine whether e; > ¢,: firstly,
equation (4.71) is evaluated at e, = 25/3c. giving e; = e,, and; secondly, the deriva-

tive of e; with respect to e, is calculated:

8ei f2S2

-1 - __ <
de,  3cecm + 252

1 (4.73)

This implies that e; > e, for e, < 25/3c.. Moreover, from equation (4.72), monitoring

is decreasing in ey:
om; B 3fSc,
de,  6BCeCp + 2252

<0 (4.74)

and m; is equal to zero at e, = 25/3c., which implies that the monitoring effort is

positive for e, < 25/3c..

First stage, Organisation.

In this stage, the organisation defines a quota effort e,. If e, > 25/3c,, then m; =
m; = 0 and e; = e; = 25/3c.. On the other hand, if e, < 25/3c,, the organisation
internalises £ = e; +e;, m; and m; given by (4.71) and (4.72) into the maximisation

problem, and maximises the joint profits:

2
max 7, = SE(e,) — ceE(GQ)

eq 2 - Cm(mi<eq)2 + mj(eq>2) (475)

Since E = e;(e,) + €;(e,), differentiating (4.75) with respect to e,, the FOC is:

(S — ceE)a—eq —2¢, (mi o, + m; oe. ) =0 (4.76)

Substituting (4.73) and (4.74) into (4.76), the effort quota can be written as:

(4.77)

25 [ 6cecm + 3252
[ =
T 3ce \9cecp, + 41252

Which represents the quota set up by the organisation for the fisherman. It is be-

low 25/3c., since that value is multiplied by an expression smaller than one (the
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denominator of the fraction is greater than the numerator) as shown in (4.77).

The Second Order Condition of (4.75) with respect to e, is:

B 125%c. (9cec, + 4f25?)
(3ceCm + f252)2

<0 (4.78)

Showing that (4.77) is a maximum. Therefore, substituting (4.77) into (4.71) and

(4.72) to obtain equilibrium effort and monitoring.

65cecm + 21293
4f252c. + 9c2cy,
fS?

i = 4.80
m ¢, + 41252 ( )

(4.79)

€;

Due to the second order condition is negative (equation 4.78) and e; (equation
4.71) is positive when it is evaluated at e, (equation 4.77), the fishermen will exceed
the quota in equilibrium. This is because the monitoring between the fishermen only
works when the extraction exceeds the quota. Otherwise, the quota preferred by the

organisation can only be imposed when the fine tends to infinity. That is:

) S
lim e; = e, =
f—o 205
In this case, the monitoring is equal to zero and the fisherman’s effort is equal
to the organisation’s quota. This extraction effort is the same as with exogenous
monitoring (Case 1). Moreover, from equation (4.77), e, is less than 22, which holds
for any positive parameters, meaning that the organisation prefers to set a quota

effort lower than the fisherman’s effort without regulation.

4.6.2 Case 2”7: Only regulator.

This case is the same as 4.4.2 (case 2) with exogenous monitoring, where in the absence
of an organisation, fishermen are monitored and sanctioned just by the regulator.
Therefore, endogenous monitoring is not applied to this case, because there is not an

organisation that can generate an interaction between the monitoring and sanctioning
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of fishermen.

4.6.3 Case 3”: Organisation and Regulator.

This section sets up a three stage model.

In the first stage, a social planner sets up the extraction, SE,, for the artisanal
organisation, and a fine at rate F.

In the second stage, the artisanal organisation decides an extraction quota, Seg,
for each fisherman.

In the third stage, each member (fisherman) chooses his own level of appropriation,

Se;, and his own monitoring level, m,.

Third stage, Fisherman .

Fisherman i chooses simultaneously his preferred effort and monitoring according to

the following equation

:(rz?%(m = Se; — cew +milifS(e; — eg) — cmmi —miLifS(e; —e,) — ¢
(4.81)
and,
1, if e; > e,
' 0, Otherwise.
Differentiating (4.81) with respect to m;, we obtain:
I. o
CrMy; = LfS(e =) (4.82)

2

Which shows the marginal cost of monitoring is equal to the marginal benefits of
monitoring. Similar to case 17, the monitoring is zero, m; = 0, when /; = 0. That
means that the fisherman ¢ does not monitor when the fisherman’s extraction j is

below its quota.
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Differentiating (4.81) with respect to e;, for e; # e,, we obtain:
Ce€; =S — 5Ce€i — I fSm;

The equation above shows the marginal cost of extraction equals to the marginal
benefits of fishing.
Then, differentiating (4.81) with respect to e; for the condition e; = e,, we find:

1 1
S — §C€€j — fSm; <cee; < S — §Ceej (4.83)

Similar to case 17, the expression above shows the relationships between marginal
cost and marginal benefits when the quota is exceeded and when it does not.

The equilibrium depends on the size of the quota e,, there are two types of equilib-
riums: First, if the quota is larger than the extraction without regulation e, > 25/3c,,
then the monitoring are zero m; = m; = 0 and the effort is given by e; = e; = 25/3c¢,;

Second, if e, < 25/3c., the equilibrium is given by (4.71) and (4.72).

Second stage, Organisation.

The organisation internalises the extraction effort and endogenous monitoring accord-
ing to equations (4.71) and (4.72) and seeks the level of appropriation that maximises

joint profits.

E2
maxm, = SE — Cery — cm(m? + m?) — BI,FS(E — E,) (4.84)

€q

and,
1, if > E,
0, Otherwise.

Differentiating the equation (4.84) with respect to e, for the condition E # E,,

we obtain:
A4S (cerm (2 — 3BF1,) + 1252 (1-pF1,))
el + 4252

c. W =
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Where the left hand side shows the marginal cost of fishing, which is equals to marginal

benefits on the right hand side. Thus, the relation can be rearranged to:

p_4s (3 f252(1 = BFL,) + 3ceCm (2 — 35F10))

4.85
3¢, 41252 + 9c.cpp, ( )

Which shows the total quota preferred by the organization for the condition £ # E,
and it is below 45/3c,, since the fraction is multiplied by an expression smaller than
one; even with I, = 0, which is represented by (4.77). So the organisation wants
to impose a quota even if the regulator’s quota is not binding. Then, differentiating

(4.84) with respect to e, for the condition £ = E:

45 (cetn (2= 3BF) + f*S* (1= BF)) _ . _ 45 (26 + [25%)
9¢eCyy + 4252 =T T 9cecy, + 4252

(4.86)

The expression above shows the marginal benefits when the quota is exceeded on the
left hand side; the marginal costs are given by the expression in the middle; and the
right hand side shows the marginal benefits when the extraction is below the quota.
Then, solving as an equality the left hand side of inequality (4.86), we find:
28 (ceCm(2 — 3BF) + f2S%(1 — BF))

€q = Ce (gcecm + 4f252) (487)

Substituting (4.87) into (4.71):

_ 6Scecy, +2f25°(1 — BF)
N Ce (9CeCr, + 4f252)

(4.88)

€;

which represents the extraction effort of fisherman ¢ and it can be rearranged as

follows:

2S¢, (1 —36F)
Ce(9CeCr, + 4£252)

(4.89)

€ = €4

Where e; depends of F', which is determined in the following stage. Also, the

fisherman ¢ will stick to the quota when the organisation fine f tends to infinity.
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First stage, Regulator.

In this stage, the regulator defines a quota F, and a positive fine. The regulator
internalises the monitoring effort, m; and m;, and maximises its objective function

according to the following equation:

EZ
max W = SE — Cergy™ ™ Cm(mi +m3) +d(S + Sg — SE)

€q
Differentiating and solving for e,:

2(2 — 3d)Scocnm + 2(1 — d) f25°

_ 4.90
“a Ce (9CeCy, + 4f252) ( )
Thus, solving E, = e; + ¢; from (4.71), we find:
1 4(1— d) 253
B - 25c.cm +4(1 —d)f*S (4.91)

Ce (9ceCr, + 4f252)

Which is the total effort extraction preferred by the regulator. Monitoring of the
organisation by the regulator is still exogenous. So we have the same result as in Case
3 that there are many combinations of quota and fine that result in the regulator’s
desired level of total effort. The regulator will choose the combination that minimises
the burden to the organisation setting £, = E, and F' to solve the first equation of

(4.86) with equality for £ = E, = E,:

B df?5? — c.cpm
 3fceCm + Bf2S?

(4.92)

This fine is lower than the exogenous monitoring in the case 3, equation (4.31).

Finally, from (4.92), we obtain:

. B 6Scecm+2(1—d)f2S?
Cqpy = — =
3 2 Ce (9ceC, + 4£252)

(4.93)

Which gives equilibrium expression for individual effort defined by the regulator.
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4.7 A comparative analysis.

This section shows a comparative analysis between the models and the first best
for each scenario (exogenous monitoring-static, exogenous monitoring dynamic and
endogenous monitoring). The key variables analysed are: total extraction effort,
organisation’s fine, regulator’s fine and profits.

In order to obtain a graphic representation of the solutions shown in the previous
sections, the following parameters are used: ¢, = 10, g = 0.7, d = 0.5, 65 = 0.3,
0, = 0.7, ¢, = 8.

4.7.1 Total Extraction Effort.

In the case of the extraction effort, the variables in equilibrium that are used come
from the following equations: (4.12), (4.19), (4.33), (4.49), (4.55) (4.64), (4.77) and
(4.91). Figure 4.10 shows these graphs. For the endogenous monitoring cases 1”7 and
37, we set the exogenous fine f equal to the respective optimal to the first best on

cases 1 and 3.

Figure 4.10: Extraction effort in equilibrium
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Figure 4.10 shows that the highest extraction level is given by case 1, where the
fishermen interact only with the organisation. Also, when the fishermen interact

only with the organisation there is a higher level of extraction in all of the models
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estimated, which is shown in the graph with the following curves per model: for the
first best in the exogenous monitoring case, E7(S) > E3(S) = E}(S); for the dynamic
case X1 (s) > X5 (s) = X3 /(s); and for the endogenous case E7,(S) > E3,(S). The
figure also shows that the total fishermen’s effort with only the regulator (case 2 and
case 2’) and with the exogenous monitoring by the regulator and organisation (case

3 and case 3’) are the same.

4.7.2 Organisation’s fine

Another key variable is the organisation’s expected fines af and at, which in equilib-
rium are given for the following equations: (4.11), (4.32), (4.52) and (4.66). Figure

4.11 shows the organisation’s fines for the four cases.

Figure 4.11: Organisation’s expected fines in equilibrium
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The organisation’s fines are lower when the fishermen interact only with the or-
ganisation (case 1 and case 1) compared to the fisherman interacting with the organ-
isation and the regulator (case 3 and case 3’) for exogenous monitoring. Furthermore,
it is interesting to note that the organisation’s fine in the dynamic version is higher
in period 1 than in period 2, at], > af;. Nevertheless, the fine decreases when the
fisherman interact with the organisation and the regulator, af; > «tj, when the

stock is relatively low, but this inequality is the other way around for higher levels of

137



stock.

4.7.3 Regulator’s fine

The regulator’s expected fines SF and ST are given by the equations (4.18), (4.31),
(4.56), (4.65) and (4.92). Figure 4.12 shows a graphical representation of those fines.

Figure 4.12: Regulator’s fines in equilibrium
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The cases in which the fishermen interact only with the regulator have a higher fine
than the cases when the fishermen interact with the organisation and the regulator.
That could be observed in the exogenous model £ > SFy and in the dynamic model
BT5(S) > BT5(S). This relationship also holds for the endogenous monitoring, where
BF5, = BEy > BFy,. In the case of the fishermen and regulator interacting, the fine
is higher in the dynamic case compared to the static one, 875, > BF;.

It is interesting to highlight that in the endogenous monitoring case 3”, the fine
BF7, is equal to zero for low stock level, but it tends to be constant and equal to case

3 for a high level of stock.
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4.7.4 Profits

Regarding the profits in equilibrium, there are general results that hold for a com-
bination of parameters, i.e. profits are increasing in the stock and decreasing in the
cost of extraction.

In relation to the fisherman, the higher profit is given for cases 1, gives by (4.13),
when they interact only with the organisation, rather than cases 2 and 3, equations

(4.20) and (4.34).

4.8 Discussion and Conclusions

This paper examines how the territorial use rights for fishing might archive effective
control of fishery resources. I first examine a static model in which monitoring is
exogenous. Then, I extent it to a dynamic setting where fishermen interact during
two periods and a context with endogenous monitoring. Finally in order to study the
role of the artisanal organisation and the regulator, I examine three different cases in
which fishermen interact: (1) only with the artisanal organisation, (2) only with the
regulator, and (3) with both agents, the artisanal organisation and the regulator.

The findings show that normative and positive exercises can be reconciled through
fines. As long as the fines are set appropriately for each case, they can reconcile
normative and positive exercises, reaching the first best. However, in the case of
endogenous monitoring, the equilibrium works when the extraction effort exceeds the
quota, otherwise the fine to induce compliance will tend to infinity. I also found that
such reconciliation solves the problem of over-catching, because the fines disincentivise
catching over the quotas.

The results show that the organisation and the social planner can reach the first
best effort levels by setting fines f/t and F/T respectively, which are a ratio of
the exceeded quota. Therefore, there are many combinations for both agents, the
organisation and the regulator, in terms of fines and quotas that lead to their preferred
efforts, as it appears on graphs 4.8 and 4.9. Subsequently, organisations and regulator

will minimise the burden on the fishermen by choosing fines at the lowest level that
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satisfies the relationship for the quota preferred.

The reaction curves indicate that the extraction effort of fisherman ¢ and j are
strategic substitutes, indicating that if fisherman j increases his captures, then the
effort of fisherman ¢ will be lower. In addition, an abundant resource increases fish-
erman ¢’s effort, but a high extraction cost ¢, reduces it.

Regarding the extraction effort, the higher level is given by the extraction without
regulation. That level is higher than the level preferred by the regulator and the
organisation. This is the classical common pool problem (Hardin, 1968; Ostrorn,
2000). Moreover, the extraction effort is lower in the cases where the regulator is
involved because the regulator cares about future profits and therefore define a more
strict quota. On the other hand, the extraction effort is the same for the cases
in which the fishermen are only with the regulator or with the regulator and the
organisation. That might be because the final extraction effort (final stage) is defined
by the regulator in both scenarios.

Otherwise, the organisation’s fine f/t is lower when the fishermen interact with
both agents (case 3 and case 3’), because in case 2 and case 2”7, the organisation only
has to correct for the fact that they ignore future profits, whereas in cases 3 and 37,
the organisation corrects for ignoring future profits and also for the externalities that
fishermen inflict upon each other.

The findings also indicate that the regulator’s fine (F/T") is larger in the cases
when the fishermen interact with only the regulator, because the regulator has to
correct for all of externalities by itself, whereas when the organisation is involved, the
cost of correcting the externalities is distributed between both sanctions.

It is interesting to note that when the fishermen interact only with the regulator
(case 2) is similar to the non-point source pollution (Segerson, 1988). The results
show that it is feasible to regulate non-point source effort extraction in an efficient
way, although no information about individual’s level of effort is available.

The original design of the TURFs system considered that the organisation could
manage all of the issues related to the area, including quotas and fines, among others.

This is an ideal scenario for the regulator, because enforcement is costly. However,
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in practice organisations share the management with the regulator in terms of an
environmentally friendly quota (sustainable) and the regulator enforcement the whole
fishery instead by each fisherman. Therefore, faced with the question of what is the
preferable role for the artisan organization and the regulator, the results suggest that
the organisation should choose a quota and fine that are optimal for them (joint
profits), but the regulator should also plays a prominent role in the sustainability
of resources. Therefore, the presence of the regulator and the organisation makes it

easier to reach the first best.

Extensions

It would be interesting to complement the conceptual analysis of this paper with
empirical work. While it is difficult to obtain empirical data, experimental economics
can be a useful tool for studying human behaviour in a controlled laboratory setting
or in the field. This methodology could test the theoretical models developed in this
paper.

The only non-compliance behaviour explored here is when the quota is exceeded
by the organisation’s members. However, another important enforcement problem in
the artisanal fisheries is the poaching of resources from non-members of the organi-
sation. In that sense, it might be interesting to analyse the case in which artisanal
organisations can apply sanctions to members the other organisations when they are
caught stealing resources.

Time constraint, endogenous monitoring is analysed as a costly action in terms
of income, but it could also be costly in terms of time. Therefore, with this new
constraint, fishermen have to distribute their time between fishing and monitoring
activities.

Asymmetric information: The artisanal organisation probably knows more about
local conditions and fishermen (e.g. their cost of effort) than the regulator. This
gives the artisanal organisation an advantage, which can be balanced against its
more short-run and localized outlook.

Finally, endogensing the organisation’s discount rate. Putting the organisation in
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charge biases the outlook toward the short term, because the organisation might lose
its licence in the future. However, the regulator needs to keep this threat to discipline

the organisation.

142



Chapter 5

Conclusions

This thesis is composed of three research chapters, all of which focused on the artisanal
fishery sector in Chile. I paid special attention to the TURF's regime, a management
system that grants territorial common rights to artisanal organisations to harvest in
a maritime area. More specifically I covered two relevant matters in the TURFs man-
agement. On the one hand, I estimated optimal harvesting decisions accounting for
a dynamic context instead of the current static approach used by experts and policy
makers in Chile. On the other hand, to tackle the high level of poaching and illegal
harvesting under the TURF's regime, I proposed a theoretical model that looks at bet-
ter monitoring. Moreover and beyond the TURFs management, I reviewed the link
between multidimensional poverty and natural disasters. I examined the differences
between the fishermen and non-fishermen populations due to greater socioeconomic
vulnerability, as reported in previous studies for the first group. A summary of each
chapter emphasising the main results and further research lines follows.

Chapter 2 examined the determinants of the harvesting decisions made by arti-
sanal organisations working under the territorial use rights fishery (TURFs) in Chile.
I firstly proposed a theoretical model through which the organisations decide their
harvesting periods and quotas. I worked under the assumption that fishermen harvest
less than the official approved quota, in order to have higher stocks and quotas in the
future. I also presumed that organisations make harvesting decisions, accounting for
information from different periods of time, with a view to maximising their pay-offs.

I contributed with a dynamic model instead of the current one-period approach used
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for estimating the assigned quotas. In a second time , the four predictions supported
by the theoretical model were empirically examined.

The findings show that three out of the four predictions were supported by the
data. First, the organisations’ harvesting is positively impacted by a higher govern-
mental approved quota. In fact, this is the strongest effect supported across all of the
estimations, suggesting that organisations successfully manage their harvest up to
the maximum assigned quota. Second, increases in the resource stock have a positive
effect on harvesting. In this sense, organisations might choose an interior solution of
harvesting lesser than the quota, in order to increase their stock in the next period
and, therefore, the harvest. As a result, they maximise their revenues in future har-
vest periods, assuming that the stock will increase. Similarly, the third prediction
examining a positive impact of a higher catchability on harvest was also empirically
supported. Finally and contrary to the expected, increases in the loco’s price showed
a negative impact on harvest, even controlling for competition grade. Further re-
search to clarify the negative impact of the loco’s price on harvest should examine
how local prices are impacted by some organisations’ practices, such as cooperation
among fishermen’s collectives and previous agreements with buyers.

This chapter’s strength is the use of a theoretical model empirically tested, how-
ever, some limitations need to be addressed in further research. On one hand, the
theoretical model does not account that those harvesting decisions made by one organ-
isation are influenced by others, such us similar organisations, buyers and regulators.
Future studies might estimate changes in the organisational harvesting decisions into
a wider context. For another hand, the empirical estimations of the theoretical model
assume that the approved quota affects the harvest in the quota was assumed to af-
fect the harvest in the same way at any level of harvest. However, the data analysed
shows that the quota often constrains the harvest. Further research could include a
methodology to estimate the unconstrained harvest. Then, if the harvest exceeds the
quota, the harvest needs to be reduced to (just below) the quota.

The results also highlight the importance of examining harvesting decisions in-

volving multiple variables related to the TURFs management. There are several
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aspects related to the organisational structure which are not involved in this chap-
ter. For example, harvesting decisions might be influenced by the leadership styles
(authoritative, democratic, strategic, bureaucratic, etc.) and personal backgrounds
(sex, age, educational attainments, etc.). Later studies should introduce such con-
trol variables. Moreover, there is evidence supporting a strong importance of the
social capital in common rights contexts. Future studies might evaluate the rela-
tionship between harvesting decisions monitoring and social capital. For instance,
including the cooperation with other similar artisanal organisations and networks be-
tween artisanal organisations and strategic actors such as buyers, trading companies,
industrial fishery’s companies, governmental regulators and non-governmental insti-
tutions. Accounting for the context in which the TURFs operate, some geographical
and socio-economic characteristics should be included in next studies. For example,
territorial settings such as connectivity with greater urban areas, fishery infrastruc-
ture, transport services and communication systems might impact on the harvesting
decisions made.

In Chapter 3 I estimated the impact of the earthquake that occurred in Chile on
27th February 2010 and the later tsunami on households’” multidimensional poverty,
emphasising short and long-term differences between the overall population and those
working in artisanal fishery. I proposed a difference-in-difference methodology to es-
timate the effect of the earthquake and the tsunami on multidimensional poverty
for two population groups: fishermen-households located in the areas affected by the
shocks with at least one member working in the artisanal sector, and the rest of
the population. The hypotheses examined through this chapter were: First, both
the fishermen and non-fishermen populations increased their likelihood of falling into
multidimensional poverty after both shocks, but fishermen were hit harder because of
the tsunami. Second, fishermen were mostly affected in terms of the housing and work
and social security dimensions as an effect of the tsunami rather than the earthquake.
Third, the overall population as well as the fishermen group were more likely to be
poorer a year after the disasters compared with three years later. Finally, fishermen

were more likely to be poor in terms of work and social security and housing in the
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short-term and lower but significant to the long-term . As expected, fishermen were
hit harder than the rest of the population in terms of the work and social security
dimension after both disasters, but especially as a result of the tsunami; nevertheless
their of being poor in terms of housing in the short and long-term decreased. Inter-
estingly, no significant effects linking MPI and natural disasters for fishermen were
found, which reinforces the relevance of going beyond aggregated analysis.

The findings show that the dimension of fishermen’s lives that was most affected
after both shocks was work and social security; therefore emergency and recovery
planning should be strongly focused on this dimension in order to face future disasters
more successfully. In addition, faster recovery in the housing dimension in the short
and long-term compared with the non-fishermen population suggests a well-targeted
policy for those localities most affected. The findings also show that after both
disasters fishermen and no-fishermen population decrease their likelihood of being
poor in “health” in the short and long-term, controlling for territorial and time effects,
whereas only the overall population show to be more likely to fall into educational
poverty after both disasters in the short and long-term.

Taking into consideration those results, some limitations of this chapter should be
addressed in further research. First, even though the estimations are controlled by
territorial and time effects, other controls are necessaries for more precise insights in-
volving socio-economic and demographic territorial settings such as localities’ poverty
rate, access to healthcare and educational services, population density and urbanisa-
tion among others.

Moreover, further research should analyse the impact of those public and private
investments made after post-disasters in the short and long-term. Therefore the ef-
fectiveness of the post-disasters responses and recovery strategies might be evaluated
and improved in case of future shocks. In the Chilean case such information is disag-
gregated and no systematic, then additional efforts are required for preparing data.
Research in this line certainly contribute for thinking on better strategies for coping
with future shocks in the short term, but also promote the development of localities

based on a long-term recovery programme.
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Another limitation is the absence of a fifth poverty dimension called “networks
and social cohesion” which was added to the Chilean MPI from 2015 onwards. Such
dimension introduces the importance of social support networks, social participation,
equity and security as key aspects for understanding poverty. Unfortunately, such
relevant could not be added to the present research due to the lack of information for
measuring that dimension in the target periods. It is highly recommended that future
studies include capital social into poverty studies, especially when small communities
and organisations based on common rights systems are involved.

Finally, the findings for the dimensions “health” and “education” support some
new lines of research. I found a positive balance for the health dimension, however,
the inclusion of psychosocial variables could show new insights and trends within
the Chilean population. Such thing is especially relevant in the relationship natural
disasters and post-traumatic stress or financial strain feelings which might negatively
impact on people’s health. For another hand, I found no significant effects of the
earthquake or tsunami on fishermen people and a higher likelihood of being poor in the
short and long-term for the overall population. Such a difference within the Chilean
population needs further investigation. Future studies might detect socio-cultural
differences explaining why the educational attainments are less valued as means of
staying out of poverty by fishermen compared with the rest of the population.

Chapter 4 examined several scenarios in which normative actions by regulators
and positive behaviours by fishermen can be reconciled through fines to deal with the
overcatching problem in the TURFs management. Using a theoretical approach, I
proposed three monitoring models to maximise enforcement and positive harvesting
behaviours, but minimise organisations’ burden in terms of sanctions. The first ex-
ogenous and static model considers fishermen working in the artisanal organisation
without the regulator. The second exogenous and dynamic model involves fishermen
controlled by the regulator and fishermen, and the third endogenous and static model
accounts for the organisation and the regulator.

The findings show that the extraction efforts are higher when fishermen work only

with the artisanal organisation. Moreover, the regulator’s fine is lower and the organ-
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isation’s fine is higher when fishermen are working together with the organisation and
the regulator. The case with both agents is better compared to the others because it
generates higher welfare and also deals with concerns about the sustainability of the
resources.

Contrasting with the first chapter, this study is entirely theoretical. The main lim-
itation for addressing an empirical estimation is the lack of information about poach-
ing resources and illegal harvesting. Coping with such limitation, the experimental
economics appears as a useful tool for studying human behaviour in a controlled
laboratory setting or in the field. Further studies could evaluate other sceneries in
which artisanal organisations apply sanctions to non- members when they are caught
stealing resources or the existence of higher sanctions for non-compliance supported
for organisations politically representative to fishermen.

Other studies might also evaluate other constraints such as the time assigned for
monitoring and harvesting as well as asymmetric information between relevant actors

in the fishery context.
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