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ABSTRACT

Systems Modelling of the South African Demersal Hake Trawl Fishery: An Economic Perspective
Rachel Cooper February 2015

The offshore demersal hake trawl is the largest sector of the South Aftialie fishery, which
targets shallowwater (Merluccius capensis and deepwvater (M. paradoxu} Cape hake
Economically, it is the most important fishery in South Africa, generating ZAR ~5 billion in revenue,
mainly from exports, and it supports an estited 30 000 jobsWhereas here are a number of
singlespecies and ecosystem models tlagsess hake stock dynamics and examine the food web
dynamics of the southern Benguekrosystem the human social hake fishery system is less
understood. In orderto address this needthis study2 aims are toi) analyse the structure and
dynamics of the economics of the South African offshore demersal hake trawl fishery from empirical
data and stakeholder interviews, ani} produce a prototype economic simulation mod#l this
fishery to better understand the dynamics of the industry and the relative importance of its internal
and external drivers, e.g. industrial organization, environmental uncertainty, exchange rate and fuel

price.

The empirical analyses confirthat the offshore hake trawfisheryis an economically mature and
highly vertically integrated industry. That is, most companies control much of the -gvhhie,
catching, processing, marketing and distributing their fish products, with access to economies of
scope and scale. Nine company clusters, formed through consolidation of fishing rights and a variety
of catchshare agreementdiave beeridentified. Based on their size and operations tlmaye been
categorized as small, medium, large and sugaster ypes. Fishing vessel humbers have declined
since 1978 to streamline operationwith current effort optimising restrictiondasedon vessel
engine power and the ability to catch the full quotaDuringthe observationperiod (20052012,
high-value export narkets have bought60-70% of the South African hake total allowable catch
(TAC) comprising nine major markets and a number of smaller offé® lowetvalue domestic
market takesca.30% plus imports equivalent to anothea.15% of TAC. Hake export volustave
shifted from fresh to frozen and increasingly to valadded products, especially after the 2008
banking crisis. This corresponds to an industgfirmed priceconvergence between fresh and
frozen hake products. This produtisplacement trend isakgely due to changes in the largest export

market, Spain, and is mirrored by an increased reliance on freezer trawlihgindustry.

Theseempiricalresults are captured in the design ah agentbased simulation modeHakeSim
which was built usin@ rapid prototyping approachThe different company types, the variety of

fishing vessels that they own and the markets that purchase from them are explicitly captured as
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Dynamics are modelled wita monthly time step,driven by TAC, catch per unit effort (CPUE),

company attributesguota, exchange rate, fuel pricgrice paid by market$or hake and market

demands. Thefirst model version lakeSim 1)0behaves mie simplistically with frozen and fresh

fish as the only model currency. An assumption analy$aké€Simversions2.0 ¢ 2.3) reveals the

necessary changes to carefully increase complexity in the model, while retaining confidence in
model behaviour. The fulmodel prototype,HakeSim 3.0incorporates these changes ardids

money (Euros and South African Rands) as model currency.

HakeSim 3.(behaves realisticallyits outputs suppoiling the findingson fishery structure and
operationat a strategic levellt is sensitive to changes in fleet size, the quota of large and medium
companies, CPUE, exchange rate and TAC. Model companies have different strategies for trading off
risk against profitlarge and medium companies haaeiskier higherprofit strategy than small and
supercluster companiesln line with expectations, a weak South African Rand and a high market
value (Euros) of hake can buffer the effects of increased fuel prices on profitability in the model.
Model companies are able to achieve price @ages in hake market value by shifting to a highue

or highprofit hake product. Interactions between total allowable catch and CPUE are important for
company profitability. When total allowable catch is high and CPUE is low model companies make a
lossin the observed price brackethe present industry fleet size appears to ensure that companies

catch their entire quota and reduce losses under such conditions.

From the simulations, isk increases when the stochasticity of catching fish (a proxy for
environmental uncertainty) is raised, but profitoesnot. There are clear interactions of fuel price
with other model variables. CPUE affects prafiore than fuel price doeshanges in fuel price are
more important than the stochasticity of catching figmpssibly due to this proxy insufficiently
capturing environmentabnd trophic processedHowever,increasedstochasticityreduces profits.
Sincethe proxy for environmental stochasticity affestcatches of fishboth directly (e.g., through
weather conditbns) and indirectly (e.g., through recruitment and CRWE)well asprofit and
company risks in the modelbetter understanding of environmental stochasticity, and its
interactions with catch, are highlighte@ds important area for future ecological reseaah.
Unfortunately, it was not possible to include siteucture of hake in the current version of the
model. Doing this in the future will make it possible to link the economics model to existing
ecosystem models, and then allow the assessmerntaafe-offs between different fisheries in the
southern Benguela, such as small pelagics and a possible new mesopelagics fishery, and the hake

demersal trawl fishery.
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Chapter 1lintroduction

1. Problemstatement & overall am

They2 aid @+ fdz 6tS O2YLRYSYG Ay { 2fighérg wHicHagetOtvaQ & T A & K

species, shallowvater Cape hakeMerluccius capensisand deepwater Cape hakeM. paradoxus.
Despite good management and recentaivhe Sewardship Council (MSC)certification of some
sectors, the hake fishery is not without its problems, environmentally, socially and econonaindlly

it faces an uncertain future.

National legislation andnternational policy state that South Africashould move towards an
ecosystem approach to fisherig®LRA, 1998 WSSD, 2002 Such an approachequires that
ecological, social and econontonsiderations forpresentand future generations be taken into
account and conflicting objectives be balanced. It is in this context that this project was conceived
with the recognition that the sustainability of our fisheries depends not only on the gemant of
fisheries based on the dynamics of the target stocks, but also both on the sound understanding and
management of fisheries in their ecosystem anldedter understanding of the social and economic
drivers of hake (resource) exploitation. One mearisimproving this understanding is through
modelling, an approach that allows the testing and development of a sykteeh understanding,

the synthesis of knowledge and the ability to make predictions, as well as being a useful tool for
interdisciplinaryresearch(Blackfordet al., 201Q Starfield and Jarre, 2011ndeed, the focus of this

thesis is modlling.

The broad aims of thishesisare to:

1) Develop asemiquantitative understanding of the South Africademersal hake trawl
industry, as contextualized within the ecological, economic and social systems, through data

collectionand analysisas wel asindustry consultation.
2) Produce a prototype social system modleht specifically considers the economics $6uth

AfricaQ) éffshore demersahaketrawl fishery, which operates in the Southern Benguela, to

gain a preliminary understanding of its stture, dynamics and the relative importance of

9| Page



internal and external drivers.g.industrial organizationmarket demand, exchange rate and

fuel price.

In hindsight, his was achieved through a twdold approachg by conducting ongoing consultation
with stakeholders and expertdully described in Chapter 3, section 2@jta collection and analysis,
and byusing the outcomes of the consultations and analysis to devatopconomicagentbased

model, HakeSimin an iterative approach

2. Background
2.1. The hakefishery in South Africa: Aref review

TheSouth African hake fishery is theost economicallyimportant fishing industry in South Africa
accourts for more than 50% of the overall value of SA fishefifagterworth and Rademeyer, 2005
Powerset al, 2010. Landed catchwasvalued at about R2.5 billion in 20@Betersenet al, 2010,
and in 2014estimated at approximately ZARDbillion, £ o n H  YDufhdltd 2044 The sector is
reportedly responsible for roughly 3O jobs(Rademeyelet al, 20083, and contrilutes to local
foreign exchange earnings as well as food secuBi#gelaet al. (2003 estimate that 50% of all fish

eaten in South Africa is hake.

The hake fishery is welkestablished. Fishermen around the South African coastline have been
harvesting hake since the #@entury, whenshallowwater hake was initially a bycatch species in
the Agulhas soleAustroglossugpectoralig trawl fishery(Rademeyekt al., 2008a Fieldet al.,, 2013.

By the end of World War | in thearly20"” centurythe demersal trawl fishery had expanded to have

a hakefocused component targetind/lerlucciuscapensisand, additionally, the deemater Cape
hake M. paradoxus(Atkinsonet al, 2011); composed of inshore andffshore trawling. Later, in
1990, a hakdocused handine fishery was established as an expansion of an already existing hand
line fishery that used small boa{Bacelaet al, 2003 Petersenet al, 201Q. By 1994 a longline
fishery was experimentally introduced, becoming a licensed and fully commercial fishery in 1998

(Petersenet al, 2010. In 2004, the majority of the hakdemersaltrawling fleet was certified as
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sustainable by thelSC" andrecertification was grantedubject to conditions in 201(Powerset al.,

2010. However, the othesmaller hakesectors remain uncertified.

In South Africa thedemersal travl fishery focuses on shallewater hake, Merluccus capensis
Castelnau, 1861, andeepwater hake,M. paradoxusFranca, 1960, whose distributions overlap at
250 ¢ 450 m (Butterworth and Rademeyer, 200Dankelet al, 2008. A smaller proportion of
bycatchspecie$ A P SO@INP ROV D0 6 KAOK OFy a2YSiAySa o6S |jdzad
e.g. kngklip (Genypteruscapensiy and monk (ophiusvomerinu$ in deeper waters osilver kob
(Argyrosomusnodorug in shallower watergBacelaet al., 2003. GenerallyM. capensiss caught in
depths of 50¢ 350 m predominating on the Agulhas Bank in the SouthMngaradoxuss fished at
greater depthg250¢ 600 m)(Fieldet al,, 2013. The fishery is comprised of four sectors (TablB,1

the offshore trawl sector accounting for 85% of the landed cathbh,ihshore trawl (6.5% of total
landed catch), the longline (6.5%) and handline (2%) sed®eslemeyeret al., 20083, for
Merluccius sppcatch Field et al. (2013 update these figures t@&5% offshore trawl, 7% inshore
trawl, 5% longline an&1% handlineln the different sectors fishing occurs at differergpdhs and
locations and with differenvessel andjeartypes,which targetvariedsizes of the two hake species
and atch different bgatch species. Offshore demersal hake trawling typically occurs on both the
West and South Coast¥ South Africa along the edge of the continental shelf, while inshore
trawling is located close to the coast on the Agulhas bank at less than IEieluet al, 2013.
Handline fishing, although virtually inactigé present has historically been primiy on the Agulhas
bank, and similarlyfor the longlinesector but it also overlaps with the offshore sect@ffshore
trawling does processing of fish both at sea (i.e.-fseaen) and ashore, i.e. lands both fresh and

frozen hake, while the other threestors land almost exclusively fresh fish.

The offshore demersal trawfishery, the sector of interest for this thesiss a mature industry

comprised of companiewith economies of scale and scope where supeafits no longerexig
(largelyasaresug ¥ F2NBA Iy FtSSia RSLI Si AcofaadingtbBacglaet J2 LidzE |
al. (20@) the offshore trawlis characterised by significant capital asgsetthe replacement value of

R2.4 billion at 2002 pricelft has largely operated as a singlpecies fishery for much of its history,

since the two spees of hake appear very similamtil well into the 28" centuryM. paradoxuswas

not described as a separate specfda Franca, 190Hghvalue bycatch species such as monk and

! MSC Certification apigls to vessels and companies from the inshore and offshore demersal hake traw!
sectors that areSouth African Deefea Trawling Industry Associati®ADSTIA) @outh East Coast Inshore
Fishing AssociatifsECIFA) members (Powetsl., 2010).
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kingklip are also retaine¢hccording to maximum limits set by governmeat)d sold The catch is
destined for domestic and export markeihe export market has long been important for the hake
industry, which played a minor role in the pagorld warseafoodexportboom but the cetral role

in the post1990 South African seafood expdmbom (Crosoetret al.,, 2009.

Table 11: Attributes of the different sectors of the hakeMerlucciuscapensisand M. paradoxug fishery in
South Africa circa 2002 / 2006, taken froBacelaet al. (2003 and BCLME (2006bValues pertaining to 2006
are highlighted in bold.

Handline Longline Inshore Offshore
Trawl (Deepsea)
Trawl
# of vessels 180* 56 /64 29/31 67/79
Number of rightsholders 132 17 46
Approximate TAC (tons) 11000 9000 124500
1495 1480 8900
Jobs sustainet!
Investments in fixed assets R 182 million R 1.473 billion R 2.4 billion
(ZAR)
% of SA fisheries employmen 10.7 4.8 15 11.7
% total SA fisheries 9 5.6 15 21
employment income
vessel size (m) approx.4¢l15 12¢45.6 20.5 + 14 49 + 20.7¢ 90.6
31.2
Average vessel age 17 30 24 24
average days spent at sea 167 68 91 186
annually
capital value per fisher (ZAR not specified 130 000 not specified 420 000
% fulttime employees not specified  not specified  90.3 95.8
End of long term rights 31/12/2020 31/12/2015 31/12/2020

* currently estimated to be only 9@ery smalvessels (Peter Simms, DAp€rs.comm, May 2011)

+detailed and verifiable data obtainable from DAFF
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AAYyO0S GKS myopnQasz | a 2 L®@AfiShBriesitiaatfirst tidveloged #ofNJ { 2 dzi
subsistence through small scdisheries(Bacelaet al, 2003. For muchof its history, just a few

large, verticallyintegrated companies have dominated the industry, beginning with the
establishment of the South African trawling industry@®yD. Irvin and C.O. Johndb’& J)back in the

MYy chwhdse history is the history of the industry itself up unlie m ¢ c (B&raélaet al, 2003.
Althoughmany new companies entered the industry over the years, fewiged due to the capital
intensive and financially risky nature of trawling, and due to their lack of focus on the essential
processing, marketing afat distribution aspects of fishing that ultimately made the larger
companies profitable and success{Blacelaet al., 2003. Following World Waitl landings of hake

were fairly constanaround 50000 tonnes pr year(Atkinsonet al., 2017).

International factory fleetarrived inthe SA2 T Fa K2 NBX FTA&AKSNE Ay (G(KS wmdcnQ
diesel stern trawling and acquire more vesstsattempt to compete (Crosoeret al, 2008.
Nevertheless, 1&J only maintained its catches wtiile more abundant foreign fleets fished down

the hake stocks byt KS S| Ndvith anmudl tatcfiel of around 160 00@rd an unsustainale

yield of 300000 t reached by 1972educing thecatch per unit effort CPUEIn the fisheryto half

and threatening thenational industry andstock with ruin (Crosoeret al, 2006 Atkinsonet al,

2017). Government intervention bgan in 1975when a minimum mesh size, observer monitoring
system and quotas for countries were enforg@ahyne, 198p Crucially,m 1977 a 200 nm exclusive
economic zone was established, excluding foreign vessels; in 1978 conservative total allowable
catches were implemented and in 1980 individual quotas were instituéedttempt to rebuild

stocks resulting in a more stable annual catch of 12050000 tonnes(Geromontet al, 1999

Rademeyeet al., 20083 Atkinsonet al., 201J).

Prior to 2002 rights were allocated on a shtatm basis, with annual applications; in 2002 medium
term rights allocations took place with rightsstang until 2005, followed by the issuing of long term
rights in 2006 for 15 yeain the case of the offshore demersal trawling indugByanch and Clark,
2006 Hara and Raakjaer, 2009Theseapportioned a percentage of the annual Total Allowable
Catch (TAC) to individual rightsholderish their fraction constant for the period for which the rights

were allocged. Also in 2005 the hak®perational Management Procedu(®@MPY, which was first

’h at Ondail &medium term evaluation of alternative management options on the resource and related
fisheries through the use of simulation experimerge Rademeyaet al. (2008) for more details.
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implemented in 1990was altered to becoastcombined in addition to being specidgssaggregated
This wago account forthe consensushat South and West Coabt. capenss stocks were likely one
population, and forthe different dynamics of the two species well as theargeting ofM. capensis

by the longlining flee(Rademewgr et al, 2008 Rademeyeet al., 20081).

Therefore, presently the hake fisheag a wholds regulated by individual quotas issued on the basis

of a two-speciesstock assessmerdand OMP Annud catchwas around 135000 tons in 2007and

annual changes in TAC are restricted to £ 5% although a decrease of 15% may be warranted if CPUE
results are well below the recent averafiRademeyeket al., 2008h). Management is on the basis of

a combined TAC due to the diffigulof individually targeting the two speciaghere they occur
together and in differentiating them commerciallyField et al, 2013. For all rightsholdersan
industry-led effort restriction (number of allowed sea days) for vessels based on the horsepower of
their trawler engineswas implementedin 2006 (SADSTIA, 2013This effort restriction was

implementedas a step towardeedudng excess capacity within the industry.

Despite positive outlookstemming fromthe implementation of the twespecies coastcombined
OMP and MSC certification of the trawl sector, there are still a number of importantowic
surrounding the hakdishery. Petersenet al. (2010 arguethat these concerns includg bycatch
issuesiji) the need for more focus on comprehensive trophic and ecosystem maddgtee lack of

both implementation of arEcosystem Approach to Fisheri@AFR for the hake fishery and good

data procedures to support an EAF for hakgnon-compliance or enforcement issueg,the lack of
understanding of external impacts on the hake fisheyd vi) alack of understandig of social and
economic welfare of those who depend on the fishery for generating income. Additionally, there is
only preliminary research on the economic context of the fishery and virtually no information on the

economic implications of management deciss (Peterseret al,, 2010.

The currentpaucity of economicstudies in addition to a paucity of social studies) the hake
fisheryin South Africa can provide a challengautalerstandinghe economic(and socialaspects of

the hake syem. Thisis concerning given that as early as 2002 there had been a call for the future
collection and collation of economic data during a preliminary economic and sectoral r@éeela

et al, 2003. In spite of early collaborations between industry, academia aod-governmental
organizations that aimed to shed light on these gapsreport byPetersenet al. (2010 further

highlightedthat the understanding oftertain economic aspects tiie hake fisherywas poor They
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did report backa stakeholder discussion thatiggested thagll sectors of the fishery had at that
i A Yébod @access to international markétgPetersenet al, 2010, although some fishery

stakeholders presently dispute thi&nonymous, 2011

Some sectors of the fishery have diversified their access to international markets through MSC
certification, while others rely on more traditional markets. The offshore trawl sector has MSC
certification for five yars from 2010, but this is subject to a number of requirements being met with
regards to ecological understanding and management objec{Rewerset al., 2010. The handline
fishery hasno certification andis not well organised, which has been identified as an apparent
hindranceto this sector accessing certain international markets and high market value for their
products (Anonymous, 2011b The longline sector mainly dieights its freshly caught fish to
Barcelona for sale on thBuropean marketprimarily Spain(P. Simms, DAFF, Mossel Bpagrs.
comm.to R. Cooper, 2011Although back in 2011 at the start of the thesis research therre
anecdotal reports of a downturn in the European hake market, particularly the fresh hake market,
due to the financiatrisis (P. Simms, DAFF, Mossel Bass.comm.to R. Cooper, 2011Research on
export markets later revealed this to be true moreterms of price for fresh hake than volumese
Chapter 3.

The lack of gdocumented)comprehensive understanding of the econonaispect of the hake
fishery (by all stakeholders}should be concerning since, an inadequate understanding and
consideratim of economidin addition tosocia) factors in fisheries has been identified as a major
obstacle to sound management and letegm sustainability of fish resourcé€lay and McGoodwin,
1995 Browman and Stergiou, 2006olkeet al, 2007 Garcia and Charlesp@8; Pitcher and Lam,
2010. Folkeet al. (2007 go so far as to state that there are underlying economic dri@sswell as
social drivery of the praximate causes of environmental deterioration; proximate causes being
issuessuchas overextraction of natural resources and pollution. Thes®nomicdriving forces may

Ay Of duRenationX financial assistance and pressure for structural adjustmentergment
SO2y2YAO YR a20Af L} X rokeetXl, 20@NTheRmeChanSi2bR A (& Y
which changes in external drivers affect proximate causes of environmental degradation, including
overfishing, needo be identified and understoo¢Folkeet al., 2007). Some progress towards this

has beencapturedin the sustainabilityliterature. These mechanisms include tifegs, elaborate
alterations of broaescale economic and bibgsical signal§~olkeet al., 2007. Garcia and Charles

(2008 again highlighthat economic sciences need to be incorporatedrnianagemeniand make a
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greater contribution to better dzy RSNA G yYRAY 3 FAAKSNAS dceptions2 G A G {7

expectations and reactions.

This is not to say that focus should be drawn away from the environmental aspect of fisheries, but
rather that these three dimensions, environmental, economic and sodimral, should be
integrated if sustainabtly is ever to be achievedh line with the goals of aeRAHGarciaet al,, 2003.
Likewise Pitcher and Lan{2010 caution that one shoulchot assume that economimanagement
strategies (e.g. privatization of fisheries resources througidividual transferable quotasor
valuation of resources) dé€nvironmentamanagement strategiege.g. singlespeciesmanagement

or ecosysterrbased management) alone are panaceas for fishery prablefrhey endorse a
balanced approach incorporating ten management strategies, including-eocitomic incentives,
policy goals, historically based restoration and EAF to allow rebuilding or maintenance of fisheries,

ensuring human food security ancoiversity of marine ecosystems.

In short to effectively manage a fishery it has become increasingly understood that the fishery
needs to be managed witkxplicit economic goals in addition teocial andecological goalsk-or
society (viaa wellmanaged decisn making procegsto be able to determine what these goals
should be, a comprehensive, or at the very least an adequate, knowledge of the ecological, social
and economic systems surrounding the fishery is required, whiclsagk is incomplete for the

South African hake fishery. This thesisll begin to address such issues by starting to develop a
framework for understanding the drivers of tleconomic systenof the offshore demersal hake

trawl, its dynamics and feedback loapehis understanding willetp to clarify thinking around what
economic objectives coud be for the fishery, which could ultimately help to inform possible

management strategies.

2.2. The ecosystem approach to fisheries

The ecosystem approach to fisheries (EAF) is a fundamental fralkdarofisheries management

that has emerged out of the recognition that fisheries influence the environment and vice tlegsa

91 cQa 32+t a FyR F2dzyRAYy3a LINARYOALX Sa KI @S I NBST
and its goal for both human anecosystem welbeing (Garcia and Cochrane, 2009 heFood and

Agriculture Organization of the United Natio(BAQ technical guidelineslefy S 'y @i C | a

ecosystem approach to fisheries [that] strives to balance diverse societal objectives, by taking
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account of the knowledge and uncertainties about biotic, abiotic and human components of
ecosystems and their interactions and applying anegrited approach to fisheries within
ecologically meaningful boundariegGarciaet al., 2003. Theauthorsmention that the purpose of

Fy 91 C wAYUGSNYIFGA2Y Lt &bo periormangé A2 LIN® PSP SIyKIBA 2KyAlaf i
governance through aumber of modifications, anthey make specific reference to the importance

of both human and ecosystemell-being as central goal§&arciaet al., 2003. Specifically the FAO

& a4 S athefifripdse of @n ecosystem approach to fisheries is to plan, develop and manage
fisheries in a manner that addresses the multiplicity of societal needs and desires, without
jeopardizing the option$or future generations to benefit from a full range of goods and services
provided by marine ecosystein&arciaet al., 2003. Of importance the purpose of an EAF is not to
replace conventionaffisheries management but merely to builghon and modify it, so that
ecosystems and humasocial and economicomponents of fisheries systems are considered

addition to governance

A large number of binding politicalagreements acknowledge the imparice of EAF as a
management paradigm and set targets for its implementation into governmental pg&iaxcia and
Cochrane, 2005 These inclué international agreements, such as the 1971 RAMSAR Convention on
Wetlands, the 1982 Law of the Sea Convention, the 1992 Convention on Biological Diversity, the
1995 Fish Stocks Agreement; the 1987 World Conferefac992 UN Conferenc®n Environment

and Development; the 2002 World Summit on Sustainable Developrfse Gecia and Cochrane,

2005 for a full ligt and national agreements in South Africa, such as the Marine Living Resource Act
(MLRA) of 1998, which explicitly refers to conservation of the marine ecosystem as a whole and long
term sustainable utilization ofmarine living resources with fair and equitable distribution to all
citizens(MLRA, 1998

There are a range of tools farcorporating the ecosystem approach into fisheries management and

these inclde interdisciplinary modelling=cological and economic systems are complex and linked

and modelling is one possible tool to deal with thd@ostanzaet al, 1993. These modelling
RAAOALX AySa SESYLX ATe Wi g203%iovde a ¢ompfehensiva @diewD I N A |
of complex systems thinking and mudiisciplinaity in fisheries. fiey point out that the current
WAORBYUDOKIEESYyasSQ Aa G2 FAYR O2KSNBYyOS |Yz2y3 @K
sectors through the utilization of all pertinent knowled¢g@arcia and Charles, 2008 histhesis

seeks to make some headway towards the ultimate objective of unifying thinking and ldymvle
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from these sectors in the hake fishery of the Southern Benguela. It does this through the
development of an economic model and understanding of the offshore demersal hake trawl fishery

in the Southern Benguela as the first step in an interdisciplimarglelling and holistic approach.

2.3. Modelling as a scientific approach

Modelling is an approacthat can be used tadest understanding, synthesize knowledge and make
predictions(Blackfordet al., 201Q. Starfield and Jarre (201kuggest that it is a useful means of
conducting interdisciplinary research, since by neitgsunderstanding and modelling of complex
systems in which humans and nature interact, e.g. fisheries, requires consideration of both the social

and environmental aspects of the system and therefore interdisciplinarity.

Irrespective of discipline, a ndel is designed to answer questions about a specific (social or
environmental) phenomenon the dynamics of which we wish to underst@itbert and Terna,
2000 Farmer and Foley, 200%tarfield and Jarre, 20)11In this way it is similar to the general
scientific approach, since it seeks to answer a qoastiets hypotheses and then tests/investigates
these hypotheses through the development and implementation of a model. The model is built
through the process atfheoretical abstraction, in accordance with the objectives and question set
out, to become aimplified representation of the real worl@Gilbert and Terna, 200Gtarfield and
Jarre, 201}, see Figre 1.1 The model behaviouris then calibrated with/validated against
observations in the real worlg social or environmentat to improve/determine the quality of the
model output relative to its objective@Gilbert and Terna, 200F-armer and Foley, 200Starfield

and Jarre, 2011 Models then need tde analysed, tested includingsensitivity and robustness
analyses(Grimm and Railsback, 200%nd used to draw conclusions aboutetlsystem they are
investigating. This contributes to the process kafst answeing the research question through
hypothesis testing, much in the same way as scisitcollect and analyse data to test their
hypotheses. However, models differ slightly from this general approach in that they can be built in
the absence of comprehensive (quantitative) datausyng qualitative knowledge of structure and
functioning of asystem (Starfield and Jarre, 20)11This can be a very advantageous means of
scientific investigation in situations where datiae limited or are too costly and cumbersome to
collect. Thisd typically the case wheloroad systerdevel questions are asked, which encompass a
wide variety of components and therefore data. In this case, simulation models can also guide

and/or prioritise data collection.
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As with most scientific approaches theaee specific good practiquidelinesfor modelling.Starfield

and Jarre (20Dldiscuss some of the steps that are crucial to building a good model. These include
first setting a clear research question and building the model with this question in .n8edond,
identifying the appropriate level of scale and resolution and retaining this throughout the model
design phase andhird, developing the model through a system of rapidtotyping in parallel with

the development of understanding of the system. It is very important to follow the modelling cycle

in the development of any mod¢Grimm and Railsback, 2005 o6 dzi | f a2 Ay G(KS dza$s
model, asKettenringet al. (2006 point out. Grimm and Railsback (200provide a good, detailed
discussion of how the modelling process should be carried out, which is along the lines afdbe m

development described in the previous paragragtd is illustrated irrigure 12.

| | Design

e oo ]

Analyse Building
results and
coding
> | The Model
Parameterize and

calibrate

Assumption analysis
Sensitivity analysis

Figure 11: The modelling process, after the diagraofi Starfield and Jarre (20)1
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Figurel.2: The tasks of modelling development cycle after the diagranGofmm and Railsback (2005; p.R7

Kettenringet al. (2006 provide some specific guidelines tire use and development of models, i.e.

for the modelling development cycle. They suggest that when a modelling project is tackled it is
initially important to de@e whether it will be appropriate to use/modify another existing model or

to develop a model from scratch. They advibat the basic conceptual exercise of designing a
model worldbe undertakenand understandingleveloped as tdow that modelcould be ued to
answer the question at hand. Thixercise gives insight into any challenges, advantages or
limitations to either building or using a model. In the casbere anew modelis developed
Kettenringet al. (2006 suggest that it is very important to document the model in termstsf
operations and usesThey state that thislocumentationshoud entail clarification ofthe models
objectives, assumptions, key components, limitations and any essential details. lagdeed]ing to
them, these considerations should be equally implicit in the communication phase of any good
scientific approachGrimm and Railsback (200&lso devote an entire section of their book to
discussing the importance of accurately communicating model development and findings, and it can

be found as an important step in their depiction of thedelling development cycl@igurel .2).
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In circumstances wdre an existing modebkeens to be applicable to the research questioits
appropriateness still has to be evaluated wgmumber of important consideration&ettenringet

al. (2009 provide a discussion orevaluatingdl KS &adzZA GF 6 Af Ale 2F 20KSNBRQ Y
They point out that the prospective model needs to first be understood lkyuser. The points of
assessment of the prospective model that they discuss are essentially that i) the objectives of the
model correspond to the objectives of the research question, ii) the assumptions of the model are
compatible, iii) data type, quantitgnd resolution are appropriate or available for the new system to
which the model is being applied, iv) temporal and spatial resolution between the existing model
and the research question correspond, v) the deterministic or stochastic approaches cotesfo

the prospective model will produce the required outpand vii) the (code of the) prospective model

is easy to access and modify. They suggest thatalso very important to have a good idea of how
sensitive the prospective model is and whethar not it will be appropriate to the new set of
conditions to which it will be applie(Kettenringet al., 2006). Using a preexisting modepresents
advantagesi) it reduces time, effort and cost, ii) some/much debugging of the code will already
have been done, iii) previous achievements of the prospective model can be cited, iv) technical
details of the mdel have already been reported, and v) successfulguisting models can increase

I &0 dzR & Q &ettéhhidg & 41.62009.A G &

New models being developed for the type of complex environments that operate over a range of
scales, the kind with which this study dealsesenta number of challenge@lackfordet al.,, 2010.

The methodology of such models therefore needs to be rigorously analysed, along with the results,
which need to be carefully interpreted and understood. This is especiallyirirlight of increasing
demand for models to be used for management purpoé@ackfordet al., 2019. New modelling
approaches, from complexdaptive systems and stochastically defined emergent systems, have
presented the possibility that model structure could be produced as an emegeperty of the
system itselfthis could be especially useful foomplex systems with a multiplicity of sealvhere
model structure is difficult to definéBlackfordet al, 201Q. Agent or individuatbased modelling

can achieve thisAgentbased mdalelling seems patrticularly relevant to the complex South African
hake fishery system; the social, economic and ecological systems span a range dfesgdtesty

and Ommer, 2003Cumminget al,, 2009, are complex adaptive systems and to some extent their

structure is difficult to define from the onset of the study.
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3. The Economic Model

3.1. The social & economicontext

With the aim of implementing an EARere have been a series of economic studies on hake, and
other fisheries, in the Benguela regions carried out for the Benguela Current Large Marine
Ecosystem Programm@&CLME (200¢dooked at whether beneficiation (valeedding) processes
could be used to improve the profitability and benefits of the hake fishery, among others, to
communities of the Benguela regipand concluded that for hake the applicabilithcatype of
beneficiation processes depended on fish size, quality and freshness and the fishing method applied
to catch the fisHBCLME, 2008CLME, 2W50). Findings of durther comprehensive micreconomic
analysis of the hake fishery for South Africa were that the economic risk profile of the fishery had
been increased by the restructuring of the fishehat occurred during the 1990s and early 2600
(BCLME, 2006b

Economic considerations can have a large impact on both the way the fishery is structured and the
way that the resource is harvested. For exampB€LME (2006§point out that the way a resource

like hake idishedis affected by contracts between companiesdaheir employers and financers

and between processors and retailers, including foreign buyghnsis to understand the underlying
economic and social drivers m#source use and systeomange as-olkeet al. (2007) point out, it is

first necessary tainderstand these underlying economic and social structures and their dynamics.

3.2. Agentbased modelling

Management choies in terms of social and economic arrangements may sometimes lead to
unintended social and economic consequences for different parts of the industry and for the way
the resource is used. In other words, policies implemented at the individual level cdntdea
unintended or unexpected consequences at the system (fishery/resource/ecosystem)(dayel
Ommer and Team, 200.7Systems that display this characteristic are frequently referred to as
complex systems. Indee@ostanzaet al. (1993 point out that economic systems, like ecological
systems, are complex, since they represent systems in which the whole is greater than the sum of its
parts and simply aggregating the bel@aw of the parts does not represent the true nature of the
system as a whole. Agebaised modelling (ABM) provides the possibility to model such complex
systems where simple, rational choices at the level of individuals, can sometimes lead to unintended

and often unexpected emergent consequences at the system level.
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Agent-based modellingis a comparativelynovel method of examining humaenmvironment
interactions Where traditional approaches have failed to take into account indivitkia!
information, complexity, interdisciplinary and crossale perspectives on data and methods, agent
based models have succeeded, giving them greater predictive and explanatory paavet al.,
2005. This ability to deal with such disciplirend scalecrossing problems emerges from the fact
that much of the development of ABMs (also calleullti-agent simulations) has come from
interdisciplinary work(Bousquet and Le Page, 20Q04.evin et al. (1997 suggest the use of
mathematical and computational approaches, of which ABM is an example, to answer biological
guestions. SimilarlyBonabeau (2002discusses their applications to the social scienBeaisquet

and Le Page (20Ddiscuss how the ABM approach is appropriate to environmental or ecosystem
management issues, where the interactions between social and ecological dynamids ®e

considered.

Levinet al. (1997 state that ABM approaches are powerful tools that can offer a strectior
synthesis and analysis, directing empirical studies and expanding understanding of nature. Agent
based models can be applied to systems, e.g. ecosystems, for predictive purposes under different
hypothetical future conditions, such as climate changed as tools for examining hypotheses on
mechanisms underlying system processes such as ecosystem processes or the preservation of
biodiversity (Levinet al, 1997%. The advantages for using computational models like ABMs to
understand systems are that the stochastic nature of complex systems is acknowledged, local and
individual characteristics can be included in modaisl it 5 possible to model how the activities of
elements (e.g. individuals) at one scale (or level) have impacts on the patterns observed at another
scale (Levin et al, 1997 An et al, 2005. ABMs are also suited to interdisciplinagysocial,
environmental and economi¢ analyses of future scenarios such as global environmental change,
since such scenarios are complex, tbot-up, have socieconomic as well as environmental
consequences and require novel modelling of integrated social and ecological systems, which ABMs

are capable ofHare and Deadman, 20p4

ABMs have beemised in a wide variety of economic applicatipfi®m resource economics and
supply chain management to melling the entire European econonfipeissenbergt al., 2008 Fuks
and Kawa, 200XKawa, 2009Nolanet al, 2009 Nair and Vidal, 20)1Unlikethe more traditional
and sometimes limited analytical economuodels, they allow the modelling of heterogeneous

economic agentgnd as suchiepresent a new and alternate way of modelling and understanding
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economic systeméDeissenberget al., 2009. This may be especially advantageous in modelling the
economics of resoureextraction systems, such as fisherieshene not onlyare the economic
agents heterogeneous but where environmental heterogeneity also plays an importantNolan

et al, 2009.

Despite these advantages ABMs have not often bagplied tothe economic aspects of fisheries
and this represents a significant area for potential future developm®névious applications in
fisheries have been largely centred around the topic of understanding fleet dynédlnitibs et al.,

2004 Soulié and Thébaud, 20086chafer, 200;/\Wilsonet al., 2007 Yuet al., 2009a Bastardiect al.,

201Q Cabralet al,, 2010. These have provided some extremely useful insights into fleet behaviour
and the way that resourceare used. For exampldoschetti and Brede (20p%®xamined how
competitive versus collaborative fishing strategies prevailed under different scenariosstof f
abundance. One paper has taken the fleet effort allocation scenario a step further and examined
how individual transferable quotas affect a mwdpecies, multsector fishery in terms of fishing
fleet behaviour, discarding, catdavels, profitabilityand so forth(Little et al., 2009. Another study
examined the tradeoffs and potential social and ecological impacts of multiple sector, including
fisheries, use of a coastal area for the purpose of integtatgional planning and management of

marine and coastal systenfigicDonaldet al., 2008,.

Generally, ABMs have been more widely applied in agricult@sdurce economics, withsome
interesting applications, includingalue chaingAmedenet al,, 2009 Filatovaet al, 2009 Ross and
Westgren, 2009 Richet al. (2011) suggest that ABMs provide a useful tool for improving value chain
analysis in agricultural livestock markets, since ABMs can depict complex,-imagrpatterns of
behaviour that emerge from nolinear interactions, path dependence, stochasticitydasystem
feedback.They suggest that this also applies to system dynamic (SD) models and thmatice
between ABMs and SD modedtiould depend on the specific application. ABMs do provide an
advantage over SD models in that they can capture how indivitbehaviours of a set of
heterogeneous agents can result in emergent patterns at the mbszrel, while SD models use a set
of homogeneous ageni{Richet al, 2011. A more detailed review of very specific ABM applications
relatedto value chains, which were not directiglevar to the present study, can be found Rich

et al. (2011). The application of ABMs to the social (economic) model of the hake fishery seems

appropriate since | am interested in emergent patterns in the fishery that result from the local,
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heterogeneous individual &viours of companies or vessels under different economic and natural

environment scenarios.

At its core poducing an ABM involves the modelling of a system as an aggregation of agents (or
individuals in IndividuaBased Modelsg L . a Qa 0 X ¢ K Ainddépendel, hitkBgeSepus,
decisionmaking entities that interact with each other and their environmébnabeau, 2002An et

al., 2005 Grimmet al,, 2006 Farmer and Foley, 20D9Agents are adaptive, consider the conditions
independently, make decisions based arset of rules and then execute appropriate behaviours
based relevant to the system under considerati@onabeau, 2002Farmer and Foley, 2009The
agents interact with each other and the environment in which they odeullich can be the
economic, socialand/or ecological conditions)in some case¥ 2 RA T Ay 3 SI OK 20 KSND
and interactions with theenvironment and frequently modifying and responding to changes in the
environment, and can produce complex, emergent andsometimes unexpected patterns /
phenomena at the system leveln some(typically more complexABMs, gents can also have
properties such asWhtelligence seltawareness, independent actions and awareness of the
environment and other agentand capable oadaptive or evolvedehaviour(Bonakeau, 2002 An

et al, 2005 Farmer and Foley, 20R9

Two other advantages are that ABMs adaptable and allow for a more natural portrayal of a
system(Bonabeau, 200R The more natural portrayal of a system is an important advantage in the
context of this study and may therefore make ABM ideal for modelling the fisheries social system,
since, asBonabeau (2002points out, ABMs model an organization or social structure from the
viewpoint of individuals within the organisation and do not attempt to model breeale processes
directly. Instead the processeare generated through the interactions of individual activities and
provide a useful pattern to check the emergent properties of the model system against. It is also
easier for people in a social structyusaich as company representativés,describe tothe modeller

what they do, rather than explaining a proce@onabeau, 2002 Additionally, the flexibility of
ABMs mean that agents can be added to the model and their level of complexity can be adjusted
accordng to their behaviour, level of rationality, aptitude to learn and evolve and the rules of their
interactions and that the degree of description and aggregation of agents can be changed. This
means that ABMs are ideal for use in a system where the ldw@rplexity and aggregation is not

fully known at the outset of the proje¢Bonabeau, 200R as is the case with theconomicsystem

of the hake fishery.
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There are also some potential problems with the appiaraof ABM to humarsocial and economic
systems, although most of these considerations are also applicable to ABMs used in most fields. The
ABM needs to be directed at a specific question with the appropriate level of detail and scale. If the
ABM is veryarge it will require a large degree of computing power and some time to run, since it is
composed of many agents with different behaviours, characteristics and interaq8omabeau,
2002, although present adnces in computing power have reduced thimblem significantly.In

the social sciences, an ABM may have to deal esitlit factorg, e.g. irrational behaviour, subjective
decisions and complex psychology of humans, which can make it difficult to quautiifyts of the
model and in some cases may only allow for qualitative outputs. Neveghd has been suggested
that ABMs are the only type of model appropriate for dealing with such soft fa¢Bweabeau,
2002.

Nolanet al. (2009 provide agooddiscussion of the merits and challenges foe tinse of ABMs in
agriculturalresource economicsThe advantages include i) the ability of agents to interact in a
simulated market as opposed to simply aggregating individual supply and demand functions into
market supply and demand functions, ii) the ability to model systems where economic equilibrium
does not occur, as opposed to assuming equilibrium as is generally done in traditional models, iii)
the assumption that agents operate in conditions other thal fationality, i.e. they operate in
bounded rationality, which means that they have imperfect information, resources and
computational abilities, iv) agents having the ability to leamdl adapt to their environment and to
develop profitmaximizing behawurs, and, as discussed earlier, v) the ability of the model to
produce emergent, macrscale properties of economic systems, such as resource use (patterns)
over time, resource distributions and market clearing prices, from the interactions of agetits at
micro-level. Some of the disadvantages include, i) depending on the viewpoint, the lack of full
rationality of agents, ii) the inapplicability of standard analytical methods, such as comparative static
analysis, due to the assumption of neguilibrium means that the behaviour of the modelled
system is problematic to wholly characterise, and related to this iii) the shortage of tractable
analytical technigues(Nolan et al, 2009. Nolan et al. (2009 conclude that despite these
shortcomings ABMs present an overriding set of benefits in terms of the wide scope of research

guestions that they can besed to explore.
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3.2.1Consideration of other prexisting models

Before embarking on the design of my oagentbased model | considered a number of {pdsting

models for their possible application to my research question.

MEFISTO (Mediterranean FislesrManagement Tools) is a megpecies, multgear and multifleet,
bio-economicsimulation model, which aims to model the BBgonomic conditions in which the
fisheries occu(Lleonart et al., 2003 It details species that contribute to the economy of a fleet of
vesselsthis includes primary species for which the population dynamics are known and secondary
species for which theyare unknown. The model converts catches of these different species to
revenue and models the revenue of each vessel, which then determines whether the vessel will
increase or decrease its effort and/or investment, or leave the fisherfi@anext time stefdLleonart

et al, 2003 Mattos et al,, 2006. The objectives of the original model wee replicate the fishing
conditions distinctive of the Mediterranean and to simulate alternative management strategies
(Lleonartet al., 2003. The assumptions are outlined liheonartet al. (2003; of importane is the
assumption that catchability dictates fishing mortality, as vessel fishing effort remains fixed. This
may not be the case for the South African hake fishery. The temporal resolution can be set from
week to a year and the model can be set to backastic or deterministi¢Lleonartet al., 2003. It

has been applied to the European hakée¢lucciusmerluccus) fishery in the Mediterranean and to

the Pernambuco State hardthe and gillnet fisheries in nortbastern Brazjlwhere it was usedo
examine the effect of fuel pricekleonartet al, 2003 Mattos et al,, 2006. It was also applied to
examine the interaction between trawlers and beach seiners in the Saronikos Gulf in Gviesir®

et al, 2007, and b examine the effect of fuel price and fishing period length on the sustainability of
the small pelagic fishery in the northern Adriatic sea in nadlstern Italy(Silvestri and Maynou,
2009.

ISISFish is a gritbased simulation model that is spatially and seasonally explicit and is used to
evaluate the performance of temporal and local management using seasonal and spatial control
variables to regulate fishingMahévas and Pelletier, 20D4lt is based on three sumodels of
fisheries population(s), exploitation and management that interact withifishery that is mapped

on a regular gridMahévas and Pelletier, 20D4A more detailed description can be found in
Mahévas and Pelletier (20R4it was updated byelletieret al. (2009 to include a bieeconomic
component that allowed the quantitative bieconomic evaluation of management scenarios.

Revenues from fishing are considered at the level of the vessel owner, fishing crew and vessel and
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the fishing trip. It has assumptions that may be adapted to suit differehiefiss and as such

constitutes a generic modé@Pelletieret al., 2009, unlike MEFISTO.

InVitro is an endo-end agentbased model that overtly models human behaviour and various
coastal industriegFulton, 201). It has been used in a number of applications including evaluating
management strategies for areas of the coastline that are used by a variety of sectors including oil
and gas, fisheries, urban and industrial developtn@md conservatio(McDonaldet al., 200§. It
examines management actions, but also different model assumptions and stru¢MicEonaldet

al.,, 2008. InVitro is composed of suibodels of coastal biphysical and anthropogenic activities
(McDoraldet al., 2008.

MEFISTO seemed to address issues related to my research question, but appeared specialised to the
Mediterranean fisheries (although it has been applied elsewhere). And, likBitBlSvaset largely

at the level of the fishing vess It did not consider the possibilities vertically integratedeconomic
structure in the fisheries (i.e. vessels belonging to processing companies, and so forth), which is
important in the South Africa offshore demersal hake trawl fisheryhere weretherefore some
disparitiesbetween the model assumptiorend objectives and those of my thesiss discusseih

section 2.3, it is important that these correspond. InVitro seemed to be a very broad scoping model
that was complex and concerned with coastenagement issues that spanned beyond the scope of
fisheries alone and its documentation, objectives and assumptions were slightly vague or contained
in technical reports whiclvould not be easily available. Therefore, none of these models seemed
ideally sited to the nature of my project and following the advice Kéttenringet al. (2006 it

seems better to develop a new model more appropriate to my research question.

3.2.2Designing aragentbased model

Grimm and Railsback (2005uggest that the design of amgentbased model should follow the
standard moelling process. Firstly, it needs to be realised that the model is a simplified version of
the real system with assumptions, simplifications. It is developed under constraints and should be
designed for a specific purpose, i.e. to meet specific objec{Besm and Railsback, 2005tarfield

and Jare, 201). The first step is therefore to specify objectives and constrain the model by these.
Secondly, a conceptual model needs to be created where the hypotheses of essential processes and

structures can be testedXales, state variables, processasd parameters need to be chosen and
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carefully stated as these will define the structure and dynamics of the n{@ehm and Railsback,
2005. Foragentbased models the state variables and parameters should describe the state of
individuals and their behaviour and the variables and parametersildhdescribe the environment

of individuals. These should all be placed within the correct scale in terms of both the spatial and
temporal extent and resolutiofGrimm and Railsback, 200%-ollowing this model implementation,
analysis and communication can follow in the modelling cytemtions (Grimm and Railsback,
2005.

Macal and North (200)&uggest thabgentbased models need to have three essential components:

an environment that agents can interact with and in, a set of agents with traits enavours and a

set of agent interactions and the means of interactiarhey go on to describe the essential
characteristics of agents from a practical modelling point of view; agents neeg twe sel

contained,ii) be autonomous and setfirecting, iii) have a state that changes over tinsndiv) be

social, i.e. interact with and adjust behaviour according to other agents. They also suggest some
additional and potentially practical agent attributes: adaptive and glir@cted behaviour and
heterogeneiy within the agent population. Agents are generally associated with traits and methods;

GKS tFGG§SN AyOft dzRSa o0SKIFPA2dzNE 2NJ NBLINBaSydl Az
behaviour(Macal and North, 2010

3.3. What type of modelling platform is appropriate?

ABM structure is diverse and includes everything from simple, academic models to massive, detailed

and validated decision support models of an entire sys{dtacal and North, 2010 thus it is not

surprising that there are a diversity of ways to implement these models. The question is then what
software development environment will be most appropriate2 o6 dzAf R GKS ! . a 2F ({
hake fishery? Thiguestion is difficult to answer, givernthe diversity of agentbased modelling

platforms available, in addition to the possibility to build models from scratch, and given that there

is more than one apppriate way to build aragentbased modelMacal and North (20)Jrovide a

good review of ABM implementation and the various approaches avajlabl®Railsbacket al.

(2009 provide a comparison of some of the major ABM platforms, whsdhitlined here.

After excluding the idea of building a model from scratch, whedmm and Railsback (2005

recommend avoiding if a model can be built in an already existing ptatémd Macal and North
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(2010 warn is extremely costly, |1 narrowed down the choice of platforms to three potential
candidates There were many platforms tmitially choose from, such as AnyLogic, CORMAS, GAMA,
Janus, NEogo and RePast Symphony. | reviewed many of tHegenly discuss the final three that

| serioudy considered for implementatiohere®. The choiceof the threewas mainly basedon the
ease of use for aan-expert programmer, the capability of the software platform to support the
type of modelto be built, the track record of previous software applicatiotise availability of user
support groups andhe affordability. These three modelling platforms werletLogo, RePast

Symphony and CORMAS, which are all free, @qmerss software packages.

Each of these modelling platforms provides an example of one of the three different, approaches
that ABM platforms commonly use to implement modé@idacal and North, 2010 Firstly, in the
integrated development environment (IDE) approach, model structure is organized by
writing/editing code in a program, which may either be a single fileasfe, structured one line
beneath another as in NetLogo, or a set of files as in Eclipse. This approach is easy to learn, but
limited in scope to smaller, less complex models. Secondly, in the lbrignted approach, to build

a model the modeller calls a sesi of functions from a library of routines that are arranged into an
application programming interface or API using the modelling tool kit. This approach provides much
flexibility in the way that models can be defined and includes approaches such as ReRasa.

The third approach combines elements of the other two in a hybrid and includes such platforms as
RePast Symphony and AnyLogic. In this approach either the-atane library may be used or it
may be used as a factored multidie IDE. This gg@oach can be more easily expanded to large
scale models, but it does require more specialised computing/programming skills {Masal and
North, 201Q.

The first modelling platfion that | reviewed was NetLogo. As mentioned above this platform is easy
to learn to use, but is limited to simpler applications of models and can become problematic to build
and edit as models become larger since all of the code for the model is inecmjinuous text file
which then becomes long, complicated and easily disorganiRedsbaclket al, 2006 Macal and
North, 2010. Railsbaclet al. (2006 do, however, suggest that NetLogo may have a wide range of

applications and may be suitable for prototyping very complex models. These include use in general

® This discussion of agent based modelling platforms and sedtigsby no means exhaustive. A useful
summary of the different agerbased software available, including links to the individual support pages for
each of the software packages, which provide much more detailed descriptions, is available at
https://en.wikipedia.org/wiki/Comparison_of agefitased _modeling_software
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ecology, resoure and landuse management, economics and fisheries, see for exaf@slenm and
Railsback, 2005Schafer, 2007 Filatovaet al, 2009 Fuks and Kawa, 200%awa, 2009 One
disadvantage of NetLogo is thatdbes not distribute its source cod®ailsbaclet al, 200§. The
implication of this in practical use is that one is limited to building models using the commands that
NetLogo comes built to recognize. All other rigfault commands musbe built using the

commands in NetLogo.

Cormas (Commapool Resources and Mulfigent Systems) is a platform developed by researchers

at CIRAOcentre de coopération internationale en recherche agronomigue pour le développeément

in France that isun onthe VisualWorks programming environment and uses the ohjeented

programming language SmallTéBousquetet al., 1998. Objects or individuals within a model can

be created from generic class in SmallTalk through adaptation and enhancen{€@®RAD, 2007

There are suitable algorithms and structures that allow the creation of links between and among

agents and their environment and that allow the generation of societies or fuieies of agents,

where agents can be individuals or at a higher level of organization, such as villages or companies

(Bousquet and Le Page, 200€ormas, like RePast, is a path developed with suitability for the

implementation of social dynamics and its interaction with natural resource dynamics and allows the

simulation of resource management problerfBousquet and Le Page, 200€ormas is a complete

tool for the building of models of social or ecological systems and it has spatial capabilities, functions

for implementing MonteCarlotype methods and the ability to be linked to other software padsag

such as Geographical Information Systems and datali@sesquet and Le Page, 2004 has been

applied to a range of different resource management atiter economic applicabns, for example

to modelthe emergence ofesourcesharing conventionéThébaud and Locatelli, 20010 model of

a water catchment in Thailand and farmers decisi@@scuet al., 2003, to examine duck hunting

and associated landse management tradeffs (Mathevet et al, 2003, and explore social and

economicchoices/behaviours of Sahelian farmers in Nigé8aqalliet al, 2010. It hasalso been

applied in fisheries in thexamination of fleet dynamicSouliéand Thébaud, 2006This modelling

plattorm g 2 dzf R KI @S LINBOBSR | @GALo6tS 2LIWA2y F2NJ 6dzA t F

Unfortunately, despite trial and error and communication with its developersuld not get Cormas

to run appropriately m standard, modern operating systerasS ®3 & 2 iefsREs)at@h@ time

of model development and there appeared to be underlying errors in the programs operation when

attempting to run it. This lack of flexibility with modern operating systems wasfiai@elimit to

Cormas, especially for ating of models and for linkingp with other programs and analysis tools.

This practical challenge coupled with the fact that the SmallTalk language could potentially have
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some limitations that could not be discotanl without thorough testing of the programme led to the

decision to abandon this approach.

Finally, RePast Symphony 2.0 Befae current version at the time of the modelling platform
assessmentwas considered. This package was released as the mostaghdarsion in 2010.
Accordingtov St I &0 Q& ¢ S0 & A siaSavaibdsdd anodelling systeth MAd sgompatible

with most operating systems. This recent editioadithe advantage of allowing models to be
developed in several different fors¢ using he Java, ReLogo orddvy languages or poirgnd-click
flowcharts ¢ which are easilynterwoven. The ReLogo languageswalated to the Logo language
used in NetLogo and metathat NetLogo models coulde imported. RePast symphony has been
applied to a rage of fields including supply chains and social sciéamponne National Laboratory,
201]). RePast hagslso been applied to a variety of social and economic applications, such as
modelling marketgLopezSanchezt al, 2005 North et al, 2010, landuse in agricultural systems
(Bertet al, 2011, and supply chaingvalluriet al, 2009, for a good review se®lacal and North
(2010. I found the RePast Symphony package interface genestdaightforward, although it
becameclear that developing a model in RePast reqgiigegreat deal more computing skills than a
simple interface like NetLog(Nolanet al, 2009 Macal and North, 2000 Further, Railsbaclet al.
(2006 cautiored that there are a number of questionable design features in RePast (at least the
version available circa 200€ece paper for details) and that basic docunagiun of the softwarewas
incomplete. Obtaining adequate support and guidelines for RePastegrehallenging and this

platform was abandoned as unsuitable for the thesis within the given constraints.

Netlogo was selected as the modelling platform withigh to implement the prototypes of the
econonic agentbased model, since it védound to be weHsuited to a prototyping approach and a
good learning platform for first time programmers. Furthermotayaswell supported with courses,
online user groupsand a recently published textbook on its practical use in model development
(Railsback and Grimm, 201 For the prototype economic model versions developed in this thesis
the level of complexity for the model does not become severely limiting. More complex later
prototypes,beyond the scope fathose developed in this thesis, may need to bémglemented in

more flexible platforms or independently through the use of a coding language.
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4. Thesis objectives and structure

This section gives a brief overview of the objectives and layout ahtsas.

The main objective of the data collection and model development in this thesis are to answer the
following broad questions:

1. How does the market of hake function and how does hake flow from resource extraction to
export market? In other words hows the hake fisheries system structured within South

Africa?

2. How do consumer (i.e. market) preferences / national and international market relations

affect the quantity of fresh and frozen hake targeted?

3. What are the relative effects and trad#fs of different costs and revenue sources for the
fishing industry, such as fuel price, exchange rate, market value, quantity of fish demanded,
total allowable catches and catch per unit effort? What does this mean for ability to catch

fishand profitability?

4. Following from the model findings, what then appear to be the most important drivers of
the fishing industry and what further conclusions can be drawn for further research and/or

what recommendations can be made?

To speak to these objectives and to dell the goodmodelling practice described above, the thesis
layout will attempt to follow standard modelling practice and the model development cycle as

summarised earlier in Figurelland1.2.

In this the first chapter of the model the context to the delling process is given, including some
description of the real world and some of the questions and problems that define the purpose of
building the modelin the gcond and third chapters, data acellected from the real worlthrough
stakeholder and epert consultation and from national and international databasesesEtdata

serve to refine understanding of the real world and speak to the above questions, providing a more
solid understanding of the hake industry in South Afrideae data collecte@lsoinforms the design

of the model worldfor later chapters and providéhe meanswith which to parameterize and
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calibrate the model. Chapter 2 examines the industry structure and Chapter 3 its function, with

particular reference to exports.

In Chapter 4 th first prototype of the model is designed (i.e. the model world is refined) based on
Chapters 2 and 3 and ongoing stakeholder consultation. It is then implemented into software using
the Netlogo 5.0.1 programming platform, and it is thoroughly testeduting sensitivity analysi.

This first prototype includes a number of important and simplifying assumptions that are made in
order to allow it to be carefully developed, tested and understood. Following thorough testing and
confidence in the initial modelersion, an analysis is madetbé consequences aotlaxing some of

the major assumptions made in the first prototype oata time This is done in the assumption
analyses of Chapter 5. In Chapterf additional level of complexity is added to the rebtb allow

for the central questions of the thesis to leldressedhrough testing a variety of scenarios. These
chapterstherefore represent an example of the rapid prototyping approach describestarfield

and Jarre (2011 wherin complexity is incrementally increased in the model and each iteration of
the model cycle is carefully carried out with thorough testing and refining of model objectives,
hypotheses and design. Rily, in Chapter 7, the results of the dathapters are collectively
examined to provide a picture of the South African hake fishery with special reference to the
offshore demersal trawl sector. Specifically, the central questions and findings of this tres
discussed and limitations and areas for future developments and possible applications of the model

(and research) are identified.

Throughout the thesis speciadffort was madeto follow general good modellingractice.
Qonsiderations specific tagentbased modelshave beenfollowed and documentatiorhas been
completed appropriately, in line with internationally recognized standards and protqGsienm
and Railsback, 200%rimmet al, 2006 Grimmet al,, 201Q Macal and North, 201)0TheOverview,
Designconcepts, and Detail®©DD descriptionfor HakeSintan be made availabley the author of

this thesisupon request.
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Chapter 2:An aralysis of the structural attributes of the offshore demersal
hake trawl fisheryin South Africd

1. Introduction

The hake fishery, as described @apter 1 is composed of four fishing sectors that operate at
different depths and locations and with differegear types, targeting varied sizes Merluccius
capensis M. paradoxusor a combination of the two species. They also harvest and sell bycatch,
sometimes called joint product, diigh-value species such as kingklig€nypteruscapensiy and
monk (ophits vomerinug (Bacelaet al, 2003, as well as loer-value species such dsacgever
(Helicolenus dactypierusg and Snoek(Thyristesatun). The offshore hake trawl sect@onstitutes
the bulk of the hake catch by volunfRademeyeket al,, 20083. It also accounts for the majority of
hakeexportvalue and volume, particularly of frozen haléditionally, interviews with industry and
government stakeholdePshave indicated that the handline and longline sectdrave been
particularly haréhit by a combination ofthe international banking crisis of 2008 and subsequent
recession in global marketsnd elevated fuel costs. In the case of longline a strorggrd and
diminished international demand for higlalue fresh hakewas said to lead to a lowered hake
market price and decreased revenue. For btk longline and handlinesectorsincreases in the
international fuel price dramatically increased fishing castthe study period and the years directly
preceding it This was said to have led the volumes and values of theseS O (icatdhdis Baving
decreased in recent year©One wouldexpect, therefore, that the offshore trawl sector has an
increasingly dominant role in the hake industry. Added to this, is thetfadt most of the large
conglomerate companies hold rights or catslare agreements with rightsholders from the longline
and particularly the inshore trawl fishery sectorBhis means thaeéxamining the mairoffshore
trawling companies will account for éhbulk of the hake caught and sold Bgputh African hake
fisheryand its main structure and functioning. This shotbvidel RS&AONRALIGA2Y 2F (G KS
and suitable information(including data)to begin appropriate model development (i.e. model

desgn).

“This chapter was also modified and some of its contents, with additional material, were presented in a
publication by the authorCooper, R., Leiman, A., and Jarre, A. 2014. An Analysis of the Structural Changes in
the Offshore Demersal Hak&érluccius Capensand M. Paradoxuf Trawl Fishery in South Africklarine

Policy 50, Part A: 27279.DOI: http://dx.doi.org/10.1016/j.marpol.2014.06.008his chapter largely focuses

on the content of the paper as it relates to the modelling process described in thissthe

®see Chapter 3, section 2.2 for industry interview details
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For modelling purpose®{ the economic ABM) the offshore trawling sector of the hake fishery will
therefore be assumed to represent the bulk of fishing behaviauhe model. For this reason it is
critical to understand both the structuréhis chater) andfunction (ChapteB) of thishakesector to
produce the best possible prototype of the model in the thesis and for iterating the model into a
more realistic version in future. Within this context, there are two phenomena that are thought to
be inportant in the industry structure: vertical integration of companies and horizontal clustering

(or consolidation) of rightsholders.
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trawling industry before themtpc nQa A G 61 a S&aSy (Badelet &, 2808za . L NIJ;
Many of these companies have beeertically integrated, i.e. harvesting, processing, marketing and

mostly distributing their own fish products, for a long timéertical integratiorhas been thought to

improve their long term viability and profitability through economies of scope anl& shat reduce

risk and improve company profit8CLME, 200§bBacelaet al. (2003 have even gone so far as to

state that asngoing profitability and survival of companieger the long termhasonly been achieved

by those who focused oprocessingand distribution of their productsfor little money is available in

catching aloneSome authors suggest that these vertically integrated compacéesalso pose a

challenge for new companies to enter the indusfRaakjeer and Hara, 2006ew companies ais

struggle to derive the full profits potentially available in their produiétthey were to have the

economies of scope and scale to similarly process or market proBCISME, 2006d\evertheless

there are still a diersity of business models within thafshore sector, spanning from the highly

vertically integrated to the simple catend-sell operation(Crosoeret al., 2009. Almost all of these

companies, or rightsholders have organized themselves into the South African Deep Sea Trawling
Industry Associatio(SADSTIANd still actively participattherein (Raakjeeland Hara, 2006 For the

sake of realism, or at least the context thereof, it is important to identify to what level the industry is
currently vertically integrated and the diversity of strategies (or behaviours) of processing, marketing

and so forth wthin the industry.

Interview-based and written reports from industtyalong with other mentions in the literature,
suggest that in addition to this vertical integration in the industry what can be described as
WK2NRT 2y Gt Of dza ( 8tbldr gxBtREcompynies iave irged, Been aBsorbedby
or otherwise (via leasing or joint venture contracts) joined to separate companies, also occurs

(Crosoeret al., 2006 Raakjeer and Hara, 200&rosoeret al. (2006 suggest that the historical shift
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to export production in the &uth African fisheries as a whole may have driven concentration of
ownership within the fishery in the past. tecent decadesRaakjeer and Hara (20pguggest that
rightsholders (in the demersal and pelagic industries) that owned small quanta practiced vessel
sharing with other small quota holders, by entering into catch, processing, or marketing agreements,
such as joint ventures with larger compasij or by selling their rights. As a result of this, the number
2T FdzyOlAz2ylf WwWOfdzaAUGSNBRQ [YyRk2NI O2YLI yASEa O6APSO
industry has changed through time. In the context of the model this means that the nuatbe
functional companyentities within the industry is likelynot equal to the number of active
rightsholders or companies. No detailed reports or descriptions exist on the exact structure or even
numbers of clusters in the offshore trawling sector tooimf the number of entities in the economic
agentbased model ABM). Aside from clustering and vertical integration, details of the offshore
GNJ 6t Ay 3 Ay Rdzi-GaN@sCoperafioh &8 Struckusé RralsbJgignificant to the model
design. Some dhese details are already known and easily available from existing reports and are

summarized here.

The offshore sector, which is both capital and labour intensive, employed around 8600 people in the
early 2000s of which about two thirds were labhdsed.Bacelaet al. (2003 put these figures slightly
lower for the 2000 to 2001 period @667employees Of these1880employees were segoing and

the remainder were largely shotfgased (449 and processing worker8889 with an additional

small number of marketing1l@3) and administrative staff3(6). All employeestended to be
permanent and drmally employed labour with benefit¢Bacelaet al, 2003. Offshore trawl
companies owned eithewet-fishstern trawlers in which fish are kept refrigerated on &l landed

fresh, factory stern trawlers (also known as freezer stern trawlers) in which fish are highly processed
and stored in orboard freezersand fish is landed frozeror a combination oftte two vessel types
(Baceleet al,, 2003 BCLME, 2006#&Raakjeer and Hara, 200\l stern trawlers may by law only fish
offshore trawl rights in waters deeper than 110 m (see tdblefor details) as the inshore trawling

has rights to fish in depths less than thssh caught onffshorevesselsare either processed at sea

(in the case of factory shipse. seafrozen produc}, or processednd valueaddedin land based
facilities and then sold to the domestic and/or export marke(BCLME, 2006a; Chapter 3, this
thesis.

Despite the existence of some good quality data, however, much of the information in the reports

cited aboveis unfortunately outdated. Information such as capacity of vessels, how they ade use
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their build-date and so on does not date so badly and may still be relevant, particularly since no new
or secondhand vessels have begurchased or introduced to the industry in well over a decade.
However, data such as the number of active vessefsmtantially important factor for the model
structure is reported to have changed significantly through time. Similarly, data on the level of
processing or the types of product outputs and the diversity or variatiothisf between fishing

companies araot well described.

Given the above this chapter seeks to serve two purposes:

1. To describe changes in the company clusters through time and the overall structure of the
industry in order to be able to produce a model prototype with some realism of strucbure
at leastto provide awareness of the actual structure so that later iterations of the model
could be made to be more realistic and so that simplifying assumptions in the first prototype

could be identified.

2. To collect and present additional data dretoffshore demersal hake trawl fishery, with the
aim of providing a more comprehensive picture of the present overall structure of the

industry that can be contextualised within historical and existing studies.
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Table2.1: Aggregated data on the hakdfshore demersal trawling fleetadapted fromtable 2.3 iInBCLME (20064abbreviated as BCLMENd table 2.5 inrBacelaet al.
(2003 (abbreviated as ESR) and from the texts of both documem®re detailed information can be found in these reportBata are presented as mean values

+standard deviation(SD) or with their range.

Characteristic Total Fleet Freezer vessels Wet-fish vessels
BLCME ESR BCLME ESR BLCME ESR

Length (m 15D or (m range) 429+12.3 49 (20.7-90.6) 49.8+14.0 39.2+9.6

GRT (tons £ SD) 647.6 +519.6 906.7 + 713.6 507.7 + 302.6

Horsepower (kW £ SD) or (kW range) 1097.4 +578.5 1464 (582 3600) 1317.6 +724.2 976.1 + 443.3

Crew (+ SD) 30.9+14.8 40.0 £ 18.6 26.0+9.3

Construction Year (+ SD) 1977.4 +11.6 1977.6 + 13.6 1977.3 +10.5

From the text- no of vessels 81 61 23 (+ 4 com*) 21(+ 4 com*) 54 36

Average (range) number of sea dager annum
Average (range) catch per sea day (nominal tons)

191.2 (11c 291)
13.3 (4.2 25.4)

* combined vessel which can act asheit wetfish or freezer trawler vessel
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2. Methods

A copy of the long term rightsholder successful applicants from 2006offshore trawl was

downloaded from the Department of Agriculture, Forestry and Fish€Déd-l repository of public

information. Rightsholder information was then sorted to determine whether rightsholders shared

any sort of administrativénformation such as contact details or contact person, and whether they

had any vessels in commoithis wado determine whether several rightsiders constituted a

cluster. The SADSTIA webpage, which indicated how its members (i.e. rightsholders) might be
grouped, was also consulted. Any possible associations between rightshimldeesoffshore sector

were then used to generate a preliminarysier diagram to represent hothey may be organised

to do businessogether (Appendid). ¢ KS NBadz GAy3 WaldNHOGIAdINBEQ 2F (KS
gualitative review with a representative of thdeep-sea(i.e. offshore)hake trawling industry for

comment and clarification in early 2013.

As an outcome of the consultation process industry data were provideduota allocated to
companies over time, associations or amalgamations of companies and company vessel ownership
that were current at the time 6 the interview’. The cluster diagram and information was then
updated to reflectthese data, producing a more accurate snapshot of the existing business
arrangements within the industryThe quota allocated to each rightsholder was calculated as a
percentge of the total quota for the entire offshoretrawl fishery. The (%) quotas ohdividual
rightsholders weresummedto represent the proportion of totabffshore quota held by each of the
clustersto which they belongedinformation on the number of vessowned by eaclctluster was

also included. Changes in the number of rightsholders (i.e. participants) in the fighletyme was
assessed in the perspective of various allocation processes, fluctuataigallowable catchTAG,
business bwpvers, an vessel numbers through the use of the industry and DAFF data. Changes in
vessel type and numbers through timere also determined withthesedata. HerfindahgHirschman
indices (HHIwhich provide a statigical measure of industrial caentration (Rhoades, 1993 were
computedfor the time seriesThese indices maye appliedto measure concentratio in a number

of contexts and areuseful for analysing horizontal amalgamations because thdsectly affect

market (or in this case quota) concentration, whisha feature of market (oin this case industry)

® The interview followed the same format as those in Chapter 3 section 2.2, asseitiured interview.

Except that, as a representative of the industry, this participant was consulted maguéarly. That is, there

were several followup interviews. In addition to qualitative data that were provided through the interviews
themselves, actual quantitative data were provided by industry. These data are not provided in an Appendix in
their rawformat due to their confidential nature.
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structure andmeasure of competition. The HIfi this chapteris calculated byquaring the quota

share of alfirms and then summing thma.

‘000 oY

X ®R1)6

Where Q8sthe quota share of company clusteri and there aren companies (or company

clusters) in the industryin this chapter the HH$ based on the number of individual rightsholders

and their quotas for theompletetime series For 2011:2013the indices were also calculated using

the quota held by the clusters identifieBoreign vesselsatcheswere ignored for allcalculations

and figures This is becausadustry datashowedthat only a small portion was allocated foreign

catchup until2004 (ranging from 1200 tons in 1980 taround 1000 tons in 2004, i.e. ca 10%8%

of the TAC)To calculateHH| quota percentages wergiven adractions.As suchHHI has a

maximum value of 1, where 1 indicates that a single company (cluster) has a true monopoly, owning
100% of the quota ithe industry.An hcrease in concentration and decrease in competition with

respect to quotdas shown byricreases in HHI.

Finally, qualitative information was obtained on clusters and companies through their websites and
through consultation with some® (G KS Ay RdzZAGNEB Q& Yl 22N adl 1 SK2f RS
Chapter3, section 2.2 This involved meeting wittepresentatives osix of the major rightsholders

who collectivelyheld 92.8% of the offshore hake trawl quota allocations, which wa8%8of the

entire hake TAC, andho ownedy y32 2 F GKS AYyRddzZAGNEQa 2FFaAK2NB
provided some insights into the cataharearrangementsjevel of vertical integrationprocessing

and business models of the different clusters.
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3. Reslts
3.1. Clusters

From the interviews and analysiinge clusters were identifiefor the periodencompassin@012 to

the start of 2013. Theseonsisted o#9 rightsholders from the offshore demersal hake trawl sector
with an additionakwo rightsholders from tle inshore sectowhose rightshad been converted to be
fished offshoren recent yeargFigure2.1). Three clusters were small (<5% ea¢hye were medium

to large (>5% each), two of whictomprisedover 60% of the entire industry cat¢he. two large).

¢ KS YAy (s alkaniipezaagsSchdidn which could be considered a stipster made up of
three rather smaller cluster units that collectively constitdi& 9% of the offshore quotaltogether
these rightswhich accounted roughly 83.5% of thecoall hake TAC in South Africa,reeaught on

50 vesselsThe three largest rightsholder clusters comprised 75.7% of the offshore quota and owned
70% of the active vessels, while the smaller clusters had just a few vessels each. During the 2012
2013 peria in which this study was madene of the clusters was undergoing a sale of all of its
offshore rights to another cluster, thisas subsequentlfinalisedreducing thenumber of clusters to

eight.

Large companietended to be owned by shareholders, invesnt companies, or parent companies
while the smaller companies apaeed to beprivately owned (Figure2.2). These conclusions were
reached through consulting the public webpages and reports of the various companies at the time of

writing (early 2013).

I1&J was found to be a subsidiary of AMid., 201). AVI is a parent company with a large brand
portfolio of over 50 brands including a range of food products (snacks, beverages, fresh and
convenience foods), household products, clothing, accessories, shdesbametics. 1&J, which is a
chilled and frozen convenience food subsidiary, forms one of the core brands of the business. Within
this context 1&J also partook in a joint venture with SimPlot (Australia) Pty (Limited) during 2012
(AVI, 201}

Sea Harvest Corpation (Pty) Limited is a private company that is owned by a consortium of
investors, primarily Brimstone Investment Corporation Limitedfollowed by Kagiso Trust
Investments and Sea Harvest management and s{&a Harvest, 20)0Brimstone Investment

Corporation Limited is a magad investment company incorporated and based in South Africa
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(Brimstone Investment Corporation Limited, 20)3Brimstonealso owns 58.1% of S& Harvest
20.12% of Oceana group limitednd 0.95% of Tiger Brands. Apart from its food shareholdings, it
also has healthcare, financial services and other services such as clothing included in its group of
holdings (Brimstone Investment Corporation Limited, 20)3WKagisdiso holdings is artber
investment company that hathvestment holdings in media, property, resources, infrastructure,
power, financial services, investment companies, health (pharmaceutical),dTfoaa companies

(Kagiso Tiso Holdings, 201 &agiso Tiso Holdings, 2032b

Oceana is owned by Tiger Brands (37.4%), Brimst2@el26), Khula Trust (11.8%), and other
shareholders (34.0%)0ceana Group Limited, 201Brimstone Investment Corporation Limited,
2013b. Tiger Brands Limited, is a muititional company traded on the JSE (Johannesburg Stock
Exchange) that has acquired shares in businesses in food, hompesswhal cargTiger Brands,

2013. MarRo, another fishing companyA & LJ- NI 2F C22 R/ 2Nl1J: { 2dziK
company producing a wide range of products and braffésodcorp, 201p Pioneer fishing, a
trawling and fish processing business, is owned by Suiderland Dev Corp (50%), African Pioneer Ltd
(40%) and an empyee share option (10%fioneerFishing, 2018

Interviews revealed that théwo largest clusterdocused on domestic retail and wholesale export
sectors. Theyshared similar strateges, producing a mix of fresh and frozen prodyciwhich
translated to the use o& mix of weffish (fresh)and freezer trawler vesse(Sea Harvest, 201@VI,
2012. For a full breakdown of pruct typessee Figure2.3. These company clusters were highly
vertically integrated so that most products, apart from prime qualihole fresh fish, were highly
processedvalue addtion leading to a higher price paid per k§:ompanies indicated thahé high
level of processing, though, meant that there was a higher level of labour cost because of a large
amount of landbased processinghan onboard factory vesselwhere crew double as processors
and the operation is quite mechaniseth the 2012 inteviews, managers of companies indicated
that for that periodtheir profit margin did not increase witthe increased levels girocessingas a
result of decreased hake market value at that time and high labour and other running kesead,

processing \&s merely said to be necessary to meet the consumer demand that had shifted away

"In general, value adding allowsa geater perceived profit margin,)ieccess to more (and diverse) markets,
since there are more product options (e.g. sauced ebake, crumbed, or frozenutlets) for consumes, and

i) it helps to stabilize market prices. Selling only fresh, wholerfisansthat prices would fluctuate with
supply (catches), i.e. a volatile market. Whereas, having a diversity of products that include frozen allows for
the storage of large d¢ehes therebystabilizing prices, and lengthy (nair-freight) transport of hake to distant
markets that might not otherwise have access to purchase fresh fish, expanding the market.
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from whole fish to processed productSome of the frozen produciontinued to beprocessed at sea

2y 02FNR 2F WTIF OG2NRQ FNBSIT S Nibasedprdcsssing. frreeker a f A 3K
trawled product (from factoryand non-factory trawlers) appeared to be slightly more important

than wetfish vessel product in terms of volume. The high levels of processing also represented a

larger expenditure and capital investmeny these companies:rom a social viewpoint valesdding

of fish is important due to the generation of many jobs in sHoased processing facilitieSome

members of the industry also indicated that landed fresh fish. those processed ashorejere

more flexible in terms of what products could be produced and therefore represented a lower risk

catchwhere the market product preference could rapidly change.

The other three medium clusters had similar strategies with only slight variations between them.
Primarily they focused on freezer trawled catch, with one cluster taking a small amount -diswvet
catch. Two of these clusters didore processing of product at sea, where it was frozen, and their
land-based operations served mainly as a distributionfage centre from which orders were
collected shortly or immediately after landing or sent directly for export. The third company, which
had some weffish operations, dich portion of itsprocessing and freezing of product at sea, while
other chilled produt was processed in laddased facilities. All three companies produced high
guality (value) product of largely frozen fillets and some headed and gutted (fresh and chilled or
frozen) or PQJ t NIXQ¥ZISt Arésh, chilled) fish. They supplied the wholesaiarket with the
majority of catch going for export and only a smaller percentage (between 5% and 33%, depending
on company) going to the domestic wholesale market. They were fairly vertically integrated, but did

not appear to do their own exporting or dibution, in contrast to the two larger companies.

Of the smaller clusters only the largest (3.3% of offshore quota) of these was consulted with. This
cluster did only freezer trawling and minimal processing of fish. The remaining small rightsholder

clud G SNAE | yROfidiaSi SWazI2SINJa Y £ € NAIKGaK2f RSNER 6SNB
but represent only a small proportion (7.3% ) of offshore quota. Very little information could be

found on these companies from their websites, where such vtebgxisted.
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3.2. Vessels & articipants

Anoverall trend of decreasing vessel flegteA y 2 FFaK2NB GNI gt OFy o6S 204
onwards andit sharpens from2005 (Fig2.4). Although the presently available DAFF time series

ended in 2011 ndustry data indicatd that the number of vessels further declined to 50 vessels that

were actively catchingn early 2013 (industry meetings/interviews seemed to indicate that vessels

were preferentially not held in reserve, but this fact was not enticddar for all companies meaning

that some may have had extra unused vessels for a time). From 2005 the decreasing number of
vessels mirrored declines in TAC and number of participants. (It is also worth noting that offshore
trawling made up the vast maijity, 86.8% +0.6% standard error, of the hake TAC foettige time

selies, Apendix 1) The declini vessels appeared to predominantly reflect decreased numbers of
wet-fish vessels, while the number of freezer trawlers had remained similar since theeearm ochn Qa =
gAOGK | aftA3IK{G dzZLJadzNBS Ay ydzYoSNBE Ay GKS SINIeé H
Rights Allocation Periods (F@5). During industry meetings all participants also stated that they

had been eliminating excess vessel capacitythatithe fleet was aging and old vessels were being

retired. There had been no investment in new or imported secbadd vessels in recent years.

There was also mention by most of the industry, particularly the mediiz®ed clusters, that freezer
trawlingwas at the time the preferred fishing method as it had a lower cost per ton of landed fish

and less fuel needed to be spent on steaming backwards and fosvftamth port to deliver chilled

fish while they were fresh. These stakeholders indicated thatadh@ved the industry to remain

profitable in the face of rising costs, such as fuel price increases.
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Figure 2.1: A schematicaepresentation of the structure of the offshore hake demersal trawling industn
showing how rightsholders operate as clusters. The proportion of the total hake quota for the offshoi
trawling industry is indicated (along with the proportion of the entire hake TAC) and the number of ves:
per cluster is givenln the case of two rightsholderg**), the rights have been moved from inshore traw!

fishery to be caught in the offshore trawling sector.
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Figure2.2: A schematic representation of cluster ownership within the industry, as extracted from company websites. Vikingthed small clusers were assumed to

be private companies as there was no information on ownership of the former and rforimation on the latter at all.
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export fresh, whole, HOGO

export-quality fillets for export
mainly

headed and gutted (H & G) fresh

Chilled, processed -

fresh fillets, loins, and other cuts,
sold fresh or specially frozen

value added products e.g. crumbed

| and breaded, generally sold frozen

whole, H & G fish to be
defrosted and sold on ice by
retailers

Freezer trawled

whole, H & G frozen, sold for
reprocessing further down
value chain here or abroad

high value fillets and other
cuts produced at sea

] products (crumbed, breaded,

frozen fish H & G for
defrostring and reprocessing
on land to various value added

sauced, etc.)

baby hake, small hakes, H & G
frozen (less commonly done)

Figure2.3: Overview of the variety of hake products produced from both freezer trawled (i.e.-$e&@en) and we-fish trawled (i.e. land frozen or fresh) hake
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Figure2.4: Trendsin number of participants and vessels in the offshore demersal hake trawl in South Africa from 1978 to przemiary y-axis)in relation to the total
allowable catch (TAC) for the dire hake fishery and the proportion of that allocated to this one sectfsecondary yaxis) Significant managerial changes are indicated

as DTI (under the jurisdiction of the Department of Trade and Industry, 1978), DAF (Department of Agriculture ameri€ss 1981), DEAT (Department of
Environmental Affairs and Tourism, 1983), QB (Quota Board Allocati@891), MTRA (Medium Term Rights Allocatio2602), LTRA (Long Term Rights Allocations for
subsequent 15 years, 2006), and DAFF (under jurisdictiomepartment of Agriculture, Forestry and Fisheries, 2010). Generated with DAFF data and SADSTIA data
generouslyput at my disposaln 2013.Further details on TAC by sectors can be found in appended Table A1.2.

50| Page



180 -

160 -

140 -

120 -

100

80

Number of Vessels

60

40

20

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

2002
2003

2004
2005
2006

O Unknown
O Wetfish/Freezer
= Wetfish

W Freezer

2007
2008
2009
2010
2011
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4. Discussion

The findings of this chapter provide an understanding of the basics of the structure and patterns of
aggregation within e offshore demersal trawl sector of the hake fishery in South Africa. This
represents a fundamental structure with which to compare and design the economic ABM of the
hake industry in later chapters, since, as verified in this study, the offshore sectourzted for the

bulk of the industry and hake quota allocations (86.8%) in South Africa and an even larger proportion
of the catch in the years up to and including 2012. Furthermore, a quick glance at the webpages of
most major offshore trawl companiesvealed that many of the large clusters identified within the
offshorefishery also held rights or otherwise were affiliated to rightsholders in the other hake and
fishery sectors, as could be viewed in their product profile. To add weight to this stateinent
recent years two inshore hake trawl quotas have been moved offshore, demonstrating the linkages
between sectors. All of this provides a reasonable premise to use solely information collected on the
offshore hake sector in the production of the firstopotype of the ABM. The analysis of the
behaviour and structure of these major offshore trawl companies carriedherg (and in Chaptes)

should provide good insight into the structure and function of the hake industry as a whole.

Clustering or what add otherwise be termed aggregation of rightsholders in theke fishery
appeared to be an important behaviour as predicted from anecdotal evidgaeenymous, 8115
Anonymous, 2012SADSTIA, 201and allusions in the literature prior to the studg€rosoeret al.,

2006). Clustering or consolidation of rights and or fishing companies is known from the international
literature (Eythérsson, 2000Gonzéalez Laxe, 2008bayomi and Yandle, 201€lustering behaviour

was confirmed through both consultation and imt@ws with industry and analysis of quantitative
data; the decreasing trend in vessel numbers coupled with a historical increase in quota holder
numbers by inference indicated that rightsholders must have shared vessels. Indeed both industry
data and datan companies and vessel ownership from the 2006 LTRA (long term rights allocations)
showed this. Post TRA the number of participants in the industry had also decreased and this
represented the selling of rights to other participants, which may be equateclustering
behaviour. Clustering behaviour is regulated legislatively but it has been allowed, as outlined briefly
in the court caseSurmon Fishing (Pty) Ltdempass Trawling (Pty) L{t62/2008) [2008] ZASCA 142

(27 November 2008); pooling of rightas been allowed, and according to tb@urt casedocument

was encouraged, subject to the approval of the relevant minister (presently DAFF).
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Many of the large clusters (companies) were found to be owned in part or whole by parent
companies. This mearthat these companies were, in some cases, indirectly traded on the stock
exchange. In addition to this, vertical integration as previously fd@@l_ME, 2006l BCLME, 2006c
Raakjeer and Hara, 2008vas an important characteristic of the industry with at least 89.4% of
offshore quota caught and processed irrtilly integrated companies. The two largest clusters of
companies (collectively 62.8% of offshore quota) were highly vertically integrated performing
everything from fishing to marketing and distribution. Only one of the interviewed companies hardly

processed its product.

On the whole, the industry could be described as a mature one in economic tehme there are

no superprofits to be hadwith a high level of vertical integration and a fairly stable structure where
the main changes have been inetldirection of consolidation of rights, at least within the present
context of long term rights. The previous major change to the number of participants and therefore
industry structure occurred when the LTRA process was begun and it seems probablartbatso
shuffling of structure may occur after the rights are reviewed at the end of 282k trends suggest
that this is most likely to take the form of consolidation of rights should the number of rightsholders

be initially increased.

There have alsoden gradual but longerm changes in the fleet structure and operations of the
industry. In the years directly preceding 2013 much of the downsizing of the fleet has been driven by
the establishment of an effort restriction (number of allowed sea daysg¢das the horsepower of

the trawler engine in 200§SADSTIA, 2013Throughout the time series the removal of fishing
vessels was said to represent the removal of excess capacity from the fleet which necessitated extra
maintenance costs. The majority oéssels that have been removed from the fleet were st
trawlers, while the number of freezer trawlers remained more consistent. This matched with the
guantitative trends observed in expoproduct displacementGhapter 3 andwith the qualitative
information provided by industry in a favouring (by most clusters) offsezen product due to a

lower catch cost per ton of landed fish, particularly in the face of rising fuel costs in the last decade.

Finally interviews indicated that the two largest dkrs in offshore demersal trawl (60.7%)
continued to have large lanbased processing facilities and produced products that were highly
valueadded and processed. The medismed companies (26.6%) had in two out of three cases

processed fish oboard of feezer vessels and only omeedium company still owned a wefish
B3| Page



vessel and lanthased processing facilities. From meetings with the largest of the small clusters it
would appear that processing on freezer vessels was also an important stfatefsem. From this

and the fact that weffish vessels had declined to numbers almost as low as freezer trawlers by 2011,
an estimate of about 480% wetfish landings that were landrocessed in the trawl industry seems

a reasonable estimate for the present time.

In conclusion, the qualitative and quantitative data in this chapter agreed with each other, the
findingsof the followingchapter, and with information previously stated by stakeholders or alluded

to in the literature, indicating that the data were fairkeliable. Thus the findings of this chapter
should be borne in mind when designing the structure of the economic ABM prototype, through the
various iterations of the model in future, and in assumption analyses where simplifications are to be

made.
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Chapter 3: An economic overview of the hake fishery in South Africa with
specific reference to imports and exports

1. Introduction

SouthAfrica currently plays an important role in fish export, particularly in supplying white fish to
the world market(FAO, 201)) and is one of the three major producers of marine products in Africa
(FAO, 2012 A fish export boom to the European Union, among otteveloped nations, followed

{ 2 dzii K (SAyNifiteQriati@riiinto the world economy at the end opdrtheid. Exports have been
predominated by whitefish, hake, from the demersal fishery since 1990 to meet the international
RSYlI YR LI NIGAOdzZ NI & Ay {LIAYySIZ GKI dmpéars ®wSSR FNR°
of alternatives to local produs were minimal while exports of local product from SA were high due
to a weakRandand a price sensitive local markéErosoeret al, 2006§. More recent comments
from industry, government and other stakeholders in tBA hakefishery indicate that this has
changed somewhat in the latter half of the decade and that export markets have been relatively
poor in the wake of the ongoing (20@8esent) international economicrisis and that import
substitution of whitefish and other marine products has become more important in I(2A4)
markets However, tahe best ofmy knowledge, no comprehensive analysis of export data for South
African whitefish has been published imalst a decade. This makes producing a model of the

system near impossible without at least a preliminary analysis first.

The complex nature of fisheries, where economic, social and environmental factors interplay, has
significant import for their sustaability and the success of their management. Understanding and
managing such a complex system sustainably requires consideration not only of the biological but
also of the social, historical and economic coni@dlkeet al,, 2007 Pitcher and Lam, 20)0n the
majority of fisheries, of which South Africa is no exception, economic data are limited and tbé use
proxy data from the literature can lead to a loss of realism in system representations and erroneous
recommendations for management, particularly for human-sybtems(Garcia and Charles, 2008

It is therefore imperative that countrgpecific economic and social data be ahel as far as
possible prior to building a system model. In addition to this, the fishery sector contributes
significantly to net foreign exchange in South Africa due to its large level of international trade,
particularly through hake exports to SpdipAO, 201P This study therefore has as a broad aim to
provide some preliminary analyses of hake export data over the last ddnage much detail as

possible, to give some insights into the economics of the fishery in South Africa.
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Hake from demersal trawlsan beprocessed and frozen at sea in large factory ships, about a third of
the catch(Hutton, 2003. It can also béanded fresh and sold fresks premium quality, fresh, whole,
gutted, headon fish and fresh fish filletAlternatively itcan belanded fresh and frozen within a few
days of catching and processed in large, taaded and highly mechanised processing plants to
produce valueadded products, such as crumbed or moulded fillets, fishcakes and other-ready
cook mealgsee Figur 23 for a summary of product typesh significant proportion of this hakkes
historically beerexported to Spain, but the market is rumoured to be diversifying artancreasing

in other parts of Europe and America following Marine Stewardship Cooedification of the
offshore trawl sector and the economic recession in Spain. Hakerluccius spp.) kingklip
(Genypterugcapensiyand monk(Lophiusvomerinu$ that are landed fresh from the longline sector
are predominantly subjected to minimal cldag and directly exported to Europe, while a small
guantity of this longlined fish is processed into vahdzled products that are sold local{fAO,
2010. As a first step, thishapter aims toprovide specifics on the total quantities of different hake

products exported internationally for the entire fishery.

Apart from the heterogeneity in product type there is also heterogdyein terms of the way
different fishing companies operate and how they catch or target lgkeany small fish, fish that
are immediately filleted and flash frozen, large whole fish etc. This means that there is variation in
the way thatthe harvest and pet-harvest hake industry functions arid the different strategies
major companies use to maximise profit. Consequently, differences in factors affecting profitability
and overall sales in this industry, such as overheads of fuel oil, diesel and eleatsichange rate,
size structure distribution of the catch (as a result of hake population structure and environmental
conditions), overall market demand and changes in market preference, would all be expected to

impact the fishing industry.

Take for exaple an increase in the cost of fuel oil and diesel as the result of crude oil price increase.
This would meamn increasedostto run vessels and refrigeration on boawél (particularly freezeyr
trawlers with these fuels which could increase the cost gfroducing frozen fish products and the
cost of steaming. This has difieg consequences folonglinng where there is lot of steaming,

with short fishing trips, but limited cboard refrigeration, versus offshore freezer trawlers where
there is less oerall steaming, but a great deal of diesel used to powetboard freezers and
machinery. Thus the cost is differently born by different compaaied fishing sectorsSwitching

from one technology to another is a slow and expensive business. Big fisimmgagies that have
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multiple vessel types in their fleet®.g. wetfish and freezer trawlerspr shares in a variety of
sectors (i.e. multiple technologies at their disposal) have the advantage of being able to shift to the
use of some vessel types overhets in the face of differing conditions. This is one of the reasons
that these large vertically integrated and highly (horizontally) consolidated companies have done

well over the long term.

Similarly changes in the fish size mix (composition) of eattlave impacts on profitability, andghe
possibility to produce different product types. Given a great deal of variability in the fisheries system
and heterogeneity between compani€é€hapter 2, it is interesting to understandwhat types of
strategies ad product streams companies opt for under differing environmental (both economic,

social and natural) conditions.

In addition to this, factors such as exchange rate dictate the relative profitability of export versus
domestic products and there is the @ditional consideration that in the international market local

fishing companies may be price takers due to their relatively small international presence, versus the

local market where there are relatively fewer fish companies and large compeoigg be rice

makers, dictating local market value of fish. This is an interesting aspect to explore by examining the
relative apportionment of hake between the domestic and international market under differing

market conditions (i.e. international demand and suypphationally and internationally) and

exchange rates. This can be done through a combination of examining quantitative export data and
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2. Methods

In order to unerstand the relative importance pand changes irthe domestic and export markets

and how companies or the industry as a whole might have responded to these, it was necessary to
first determine what was actually happening to exports and the domestic ehark a whole. This

was achieved by 1) rigorously analysing hake exports from South Africa for general trends and in
relation to changes in fuel price, exchange rate, total allowable catch, and (qualitative information
on) overall market demand; 3) recaving qualitative feedback on these export data and analyses
from industry stakeholders and b) collecting (qualitative) data on export behaviours from
stakehotlers through individual meeting$8) collecting (qualitative) data on the domestic market for

hake from industry; and 4) collecting qualitative information on how companies cope with changes
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in domesticand international markets and apportion their efforts in resource collection, processing

(i.e. product streams) and sale (domestarsus internationbmarket) of hake.

2.1. Quantitative analysis of export data

No detailed export data, collected by the South African governmaeampublicly available. However,
SARS (the South African Revenue Service) does deposspaoific (i.e. no details of fishing serct

or company of origin) export data into international databases of export data such as TradeMa
This database sexport and import data stored under Harmonized System (HS) codes. HS codes are
a standard format under which the governments of countriesord exports and imports for tax and
information collection purposes. HS codes undergo revisions every few years, meaning that codes

are specific to time period as well as to product.

TradeMap data on South African exports and associated imports ofrb&dted productsvere only
availablefor 2004 until the end of 2011 at the time of analysis. Due to a major revision of codes in
2012 and the lack of data available on this year at the time of analysis only data for the period 2004
to 2011 were analysed’hese years also corresponded well with the period of the rights allocation
process and subsequent long term rights allocations in the hake (demersal) fishing inchesinmg

that at least the harvest industiywould havebeen of a fairly consistent strture through thistime

in terms of rightsholders.

Export data on quantity and value of total exports from South Africa by HS ewetesherefore
downloadedfrom the TradeMap databasétfp://www.trademap.org/) for the period 2004 to 2011

and cleaned for use in this analys@nly codes that could be specifically linked to hake (Talle

were analysedHakerelated codes were identified through extensive inspection of all TradeMap
codes for hakeelated products ad through industry and government consultation on standard
export codes used. Six digit versions of the HS codes follow an international standardization, while
the remainingtwo to four digits (to make an eight or ten digit code) are reserved for coustite

add further (countryspecific) details. Most of the six digit HS codes under which South Africa
exported hake werenot hakespecific, meaning that they representedjgregate export data for a
number of similar fish products of different fish speci&s. complicate matters there were no or
limited South African eight or ten digit HS codes to give greater specificity on the exact species of

fish and type of export product and thereby identify the exact quantity of hake exported. This
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necessitated the usef corresponding import data from countries that provided a greater degree of

specificity, tofirst indirectly estimate the proportion of hake in the exports.

To accomplish this, the major importing countries to which South Africa exports fish wetdigten

for each of the relevant sidigit codes. The quantities and values of fish imported from South Africa
were then collected from TradeMap for each of these major importing countries at tkdiggixand
eight or ten-digit level of detail (see Tab1 for corresponding import codes at high resolution).
These data were then aggregated to total quantity of imports by country and for all major importers
combined under the sidigit code and the hakspecific eight or ten-digit codes for every year.
Camparison of SARS export values and quantities, for the major importing countries, with
corresponding import data of these countries in a particular year then allowed the proportion of

hake actually exported from South Africa to be estimated as follows:

n

Approximate quantity of hake=Y Quantity of hake imported from SA into country Quantity of fishA exported
exported from South Africa Quantity of fishAimported from SA intey from South Africa

X1

XOX 60dmMO
where x is the number of countries purchasing the fish exported from South AfMéaa country
that buys South African hake exports and fisis some fish product that may include hake and was
represented ly a six digit HS code. All quantities were from the same time period (year). A schematic

demonstration of this calculation is provided in Figure 3.1.

Once all import and export data were collated a number of calculations were made. Firstly, total
exportvolumes which represented the weight of processed hake (e.g. headed and gutted fish, fillets
or crumbed) were converted to wholmass estimates using the conversion factors in Table 3.2. A
whole-mass estimate is the estimated weight of the whole fish thats processed and parts
discarded to produce some end product. This is relevant since, for example one kilogram of filleted
fish might actually be equivalent to 2.219 kg of fish that was caught by vessels before it was
processed. Gross export volumes ardimated wholemass equivalent volumes of hake were also
calculated as a percentage of total allowable caftAC).The volumes and values of exports were
determined and used to calculate the value per ton of processed product exported, and they were
analysed in Statistica 10.0 by running a standard linear regression against foreign exchange rates and
TAC.
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Table3.1: A description of the HS (harmonized system) of export and import codes for various hake products, as defined in Traddiddipst six digis of HS codes are
internationally standardized, while the last two/four digits of H&ight/ ten digit codes are those specific to relevant importing regions.

HS adigit description . HS 6 Q|g|t description HS 8/.10 digit description years
code international national
prepared or fish nes, prepared or Hakg Merlucmusspp:,Uroph.ymspp. , p.repared or preserved, V\!hOh
. . or in pieces (excl. finely minced and fillets, ramerely coated with 2004
1604 preserved fish and 160419 preserved, whole or in 16041994 S
. . . batter orbreadcrumbswhether or not prefried in oil, frozen} 2011
caviar pieces, but not minced .
European Union
Fish nes, fresh or chilled Fresh or chilled cape hake "shallovater hake" Merluccius
0302 Fish, fresh, whole 030269 excl heading No 03.04, 03026966 capensi$and deepwater hake "deepwvater cape hake"Merluccius
livers and roes paradoxus - European Union 2004
Fresh or chilled hake of the genudérlucciué (excl. cape hake 2011
03026968 "shallowwater hake", deepvater hake "deepvater ape hake" and
Southern hake) European Union
Hake, frozen, excluding 2004
0303 fish, frozen, whole 030378 heading No 03.04, livers 2011
and roes
fish fillets and frozen filletsof cape hake "shallowvater hake" Merlucciuscapensis”
0304 pieces, fresh, 030420 Fish fillets frozen 03042055 and of deepwater hake "deepwater cape hake"Merluccius
chilled or frozen paradoxus - European Union 2005
0304200043 Frozen hake fillets in packéustralia 2006
0304200033 Frozen hakel\(lerlucuusspp.,Urophyqspp.) fillets in processing
blocks- Australia
Frozen fish fillets (excl Frozen fillets of cape hake "shallewater hake" Merluccius
030429 ) s 03042955 capensisand of deepwater hake "deepwater cape hake"
swordfish and toothfish) . . .
Merluccusparadoxus - European Union
Hake Merlucciusspp.,Urophycisspp.) fillets, in processing blocks 2007
0304290063 UCCIUSSPP.,LTOPNYCISSPP.) THELS, In p 9 2011
frozen- Australia
0304290062 Hake (\/IerluCCluSSpp-,UrophyC|$_pp.) fillets, in packs, frozen
Australia
Frozen fish meat whether N . " .
030499 or not minced (excl. 03049951 Frozen meat Wr_letheflor not r_mnced of halddérlgcmusspp., 2007
Urophycisspp." (excl. fillets) European Union 2011

swordfish, toothfish and

§0/Saé A& GKS 0ONBOAILGAZ2Y TFT2NJ ay2i
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SARS Exportdata EU Importdata

4 4

110 tons of FISH A 100 tons of FISH A

50 tons

of HAKE

Figure3.1: Schematicillustrating how the quantity of hake exported from South Africa was estimated. For
example SARS export data lodged in TradeMap indicated that 110 tons of Fish A was exported from South
Africa (SA)in a year to severaEuropean UnionEU countries and some unknown portion of this expofkx) was
actually hake It can be determinedfom correspondinghigherresolution EU import data from TradeMap that
100 tons of fish A (represented by a six digit HS code) was recorded to be impfnbed SAinto these countries
and that 50 tons of this wabake (represented at the eight or ten digit levellt. could thenbe estimated that 55
tons of hake was exported from South Africa under the code for FAsh

Table 3.2: Conversion factors suggested by industry to convre weight of processechake expat products
back to a whole-massvalue (i.e. the weight of whole fish that were caught before they were gutted and
otherwise cleaned and processed¥ee also appended Table A2.1 for details of consultation.

Conversion &ctor suggested Description of actual exports suggeste
by industry by industry
Mostly 1.54% some

HS Code  TradeMap description

fishnes prepared or Crumbed & coated product farorthern

160419 2.25=1.54*09+ 2.25*0.1
reserved exe{ Europe
i =1.611 P
PQ and fresh hake, predominantly
. . 1.10 & 1.36 HOGO & also used largely by longlin:
030269 whole fish ﬂ?s f(;-eSh' cred =1.10*0.4 + 1.30*0.6 sector
exciheading =1.22 PQ is exported as whole Wei(j'ht
whole hake frozen. excl Frozen whole hake, headed and gutte:
030378 headin ' 1.46 predominantly used by freezer trawling
9 companies
030420 fish fillets frozen (in packs
or blocks)
Frozen fish fillets, medallions, cutlets,
030429 frozen fish fillets (in packs Mostly 2.25 & some 1.94 portions and loins; predominantly Sea
or blocks) =2.250.90 + 1.94*0.10 frozen product; some fresh fillets of
=2.219 hake
030499 frozen fish meat whether or

not minced

Walue suggested by industry for converting crumbed or battered product to whaks
Ghy$S 02YLJ yeé adil @abeut&eolitohs dirihd @ualify BakiP@as $30269 annually and this was whaiass. This

company also stated that 1.3 is a more accurate estimation for converting whole fish with guts out (PQ) to whole fistswitfvpole-masy.
Since 8000 tonsion average 60% of the annual export volume, 1.30 is weighted heavily.
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2.2. Qualitative studies

In late 2012 metings were conducted with various stakeholders from the hake fishing industry
including, harvest anghostharvest companies and conglomerates, ustty representatives and nen
governmental organizationsA list of all relevant stakeholders from the industry was first made and
these stakeholders were then contacted telephonically and/or by email, depending on available contact
details, to arrange mdngs. All those who agreed to an interview were interviewdaen semi
structured faceto-face interviews were thus conducted withten people (one interview consisted of

two individuals from the same company and one individual was interviewed twice)dvooompanies

and from an industry association. The companies interviewed accounted for 92.8 % of the total offshore

hake trawl quota allocations, and 78.3% of South African hake TAC.

Prior to the interviews a detailed plan of what to include in intengdemas madend carefully refined
Specific questions and talking points wedmemulated to provide information thatwas necessary to
inform the model design and the data studies that underpinried\s far as possible these points sought

to avoid bias.They were collated into the format of a talking point questionnaire/interview sheet,
presented in Appendix 2. Along with this an illustrative diagram was produced (Figure A2.1) that had
talking points on the valuehain of hake. Table A2.1 was also preseritedach of the interviewees to

elicit exact conversion factors that they thought were appropriate/used to convert fish product weights
back to wholemass equivalents of fish for every HS export code relevant to South African hake exports.
In addition to dl the materials in Appendix 2, graphs from Appendix 3 and from this chapter that
covered gross export volumes and prices as well as break downs by code and export country were
presented to interviewees for comment on their perceived accuracy and trekldsterviewees were
asked the same series of questions and were guided by the same talking gothtsupplementary
material (figures and tablesgnsuring replication between interviews. Of course, individual interviews
because of their sergonversationhnature occasionally provided additional insights to the main talking
points. Where possible, any such ideas that emerged in the earteawviewswere also explored in later
interviews as an additional talking pojnivhich was generalised to become ancept and avoid any
association to a company or entitidentities and facts from individual interviews were never revealed

to other interviewees. All information was treated confidentially both to protect the interviewees and to

avoid biadetween intervews
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Interviews lasted between one and three hours, wher@iterviewees were first provided with an
information sheet and verbal communication explaining the nature and purpose of the interview, that
the information would be treated anonymousind why hey had been selected for the interview. (This
was also previously done at the stage where interviews were initially contacted to arrange the
meetings) A conversation was undertaken guided by the series of key questialking points graphs

and tablesdescribed aboveOral permissiomvas giverto record the details of the interviews in writing.
These detailed notes weréyped-up and provided to the respective interviewee/s for comment. At all
times the written recordswere kept anonymous and notes weassociatedo a randomzed letter of

the alphabet.

The gualitative written recordingswere subsequently collated and aggregated into a group set, in an
anonymized format, from which general observations on the industry coulthéde Specifically, all
data were collated under the topic@alking points)outlined in Appendix 2 in a spreadsheet. The
comments of each company related to that topic were summarined recorded accurately within this
spreadsheet No qualitative data were omitted from this proesCompanies(associatd with their
random letter name were also categorized as small, medium, large and saoloster in this
spreadsheet Only information that was verified by more than one company (of each companyitype)
this spreadsheet formator through quantitative data, was accepted and presented in the qualitative
results sectiorof this dapter and Chapter.Finally, of relevance to this chaptgualitative information
that was obtained on the state and nature of export and domestic markets the last decadés
presented in the results sectioffhe results of quantitative assessments of export data from TradeMap
performed in this chapter were also verified with the stakeholdars described abovend qualitative
information on the trendsobserved and possible reasofts these trendswere also obtainedcind are

presented
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3. Results
3.1. Quantitative results

Detailed quantitative information has beeprovided in Appendix3, while the most essential
information has been provided here. From Fg&.2, it is apparent that proportionally the 0304 codes
collectively made the greatest overall contribution to potential hake exports, particularly from 2008
onwards, followed by the 030269 HS export code. The crumbed and processed fish export code 160419
contributed the smallest proportion by volume. The exports under 0304 can fall under several higher
resolution HS codes, of which only 030420 and 030429 made significant contributions to the total

volume.

Overall, potential processed hake exports renegirbetween 40 000 and 50 000 tons over the seven
years, which equated to about 55 to 65% ofal allowable catch (TAQ being exported, when whote

mass estimations were considered, Figure 3.3. 2068 exports declined slightly overall with the onset

of the global recession, but made a small recovery in 2011. Most of2088 decrease was accounted

for by a drop in the exported quantities of 030269 products. This decline was not visible when volumes

were calculated as a proportion of TAC.

On average, mrcessed hake imports were similar to total fish exports from South Africa, but only
accounted for about 90% of total imports in foreign countries, as shown in Figure 3.4 and Table 3.3.
There was a discrepancy between South African exports and correspongiogs overseas, indicating

that exports were undereported or exported under different codes than they were imported overseas.

The trend for all potential hake exports, when codes were cumulated, shows that world price increased
from ZAR2@12 per tan in 2005 to a high of ZAR225 per ton in 2008, but subsequently declined with

the recession of 2009/2010 when the Spanish market did poorly, with a slight recovery by 2011
(ZAR2%15 per ton). On average 030429 fish obtained the highest value perddiognd 030378
obtained the lowest. The values of frozen 030378 and fresh 030269 fish declined and converged after

2008. On the other hand, the value of 160419 increased substantially over the period 2005 to 2011.
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Figure3.2: Total annual quantities bfish, and corresponding wholenass estimations (W), exported from South
Africa under the Harmonized SystemHS codes that could include hake, as extracted fro@outh African
Revenue Servic€ESARFexport data in TradeMap.
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Figure3.3: Gross total anual exports, and corresponding wholmass estimates (W), shown as a percentage of
total annual allowable catch of hake.
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Figure3.4: Total exports of fish (general code that includes hake) from South Africa, corresponding quantities of
imports by buyers worldwide and specific quantities of hake imported under the sart@monized SystemH9
codes for buyers worldwide, calculated from TradeMap data.

Table 3.3: Estimated proportion that hake contributed to exports and corresponding imports fdnet various
Harmonized SystenHS codes and all codes considered together. Average and standard error are presented.

2004 2005 2006 2007 2008 2009 2010 2011 Average SE

030429 88.46 80.53 77.58 8437 8548 83.28 1.91
hake 030420 67.84  78.43 73.13 5.30
imports 030269 13320 98.98 90.21 130.59 90.10 96.46  96.42 105.14 7.03
as % of (030378 133.31 99.14 90.37 13066 90.16 96.54  96.47 105.24 7.03
eXch’)‘;”s 160419 1.11 2.41 0.78  87.44 749.08 54.00 53.29 135.45 103.06
all
codes 100.86 89.81 88.67 11462 87.64 89.42 8885 94.26 3.80
total hake imports
as % of total imports ~ 93.23  90.86 91.36 9564 9433 90.64 8956  89.75 91.92 0.79
total imports as % of
total exports 111.00 9830 9271 12151 96.69 99.85  99.00 102.72 3.78
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Fgure 3.5: Unitary value, in thousands of South African Rands and Euros per ton, of fish exported from South
Africa under the HS codes that could have included hake, as extracted from South African Revenue Service
(SAR¥ export data in TradeMap, and the dttuating price paid per ton of these exports when codes were
groupedtogether.

These trends were quite interesting when taken in conjunction with the fact that 030429, 030378 and
030269 made up the majority of exports by volume. The value per tonlfdhre of these codes
declined quite significantly from a high in 2008 by abBa4R6000 toZAR9000 per ton, atlhough there
was a slight recovery in the price of these products in 2011 of aradARP00 (030269)ZAR1400
(030378) andZAR6600 (030429) pewh, Figure3.5. The significantly lower value of these products,
which were sold in large quantities, could represent a signficant decline in overall profits from exports to

the industry. The lower price obtained for these fish products from 2009 to 20f4én taken for total
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exports together(i.e. all those exported under the hake HS codes considenedfislated to adecline in
total South African hakeexport value from ZAR1,746 9100 in 2008 to lower values of
ZAR1,211 79800 in 20097AR1,163 53M00 in 2010 andZAR1,354 98300 in 2011 This was loss in
value of up t0ZAR583381900 (~ZAR583 millioh per year, approximately 33.40% less than the 2008
value, if at least the 2008 valugas considered to have continued intbe future (see Appendis,

Figure A3.1for a detailed breakdownof export values by HS code

The only variable that export quantities of hakere significantlycorrelated with was thesouth African
Rand/Euro exchange ratgven inTable3.4. The positive correlation indicatedhat when exchange rate
was high (i.e. the Rand is weak) exports increabedrnational fisheries trade is known to increasingly
be influenced by exchange rate changes, because of their effects on relative(fprveésras and Asche,
2009

Table 3.4: Results of regressions of hake export quantities and export values (for all codes combined) against
various faeign exchange indicators and the South African Annual TAC forhake. A significant, positive
correlation for ZAR/EURO with hake export quantitiésindicated in bold. Exchange rates used itne analysis

can be found in Appendix 3, Figure A3.2.

Adjuged R DF F statistic p-value
Hake Export Quantities (tons) vs.
ZAR/EURO 0.507 1,5 7.160 <0.05
ZAR/USD 0.343 1,5 4.136 0.098
ZAR/GBP 0.296 1,5 3.528 0.119
ZAR/AUD 0.334 1,5 4.004 0.102
Hake TAC -0.009 1,5 0.946 0.376
Hake Export Values (#71000's) vs.
ZAR/EURO -0.168 1,5 0.135 0.728
ZAR/USD -0.156 1,5 0.191 0.680
ZAR/GBP -0.198 1,5 0.007 0.937
ZAR/AUD -0.116 1,5 0.377 0.566
Hake TAC 0.108 1,5 1.730 0.246
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3.2. Qualitative results

3.2.1General operation of the offshore hake trawlingustry

Interviews with stakeholders indicated that there were two major business models that operated in the
industry. The first type of company was highly vertically integrated, dealt with both fresh and frozen
product (i.e. both sedrozen and lanebased processing), had a high level of veddeling (processing) of
product (fish) and sold to both wholesale and retail on the domestic and international markets. The
second type of company was less vertically integrated, primarily dealt with frozen préeezer

trawled and sedrozen fish) and generally sotd wholesalemarketseither domestically or for export.

That being said, for the second type of company every processing or vessel cluster or conglomerate had
a slightly different business strateggifferent processing efficiency and minor differences in the way
they dealt with their product. In other words there was heterogeneity between companies in terms of

structure and business strategy (function).

3.2.2The domestic and export markets for hake

Exprt market

The large offshore trawling companies interviewed stated that they exported most of their catch and
GKFIG GKSANI O2ttSOGADS SELRNI& FT2N¥YSR G(KS @glhad YI
industry representative estimated that abb70% of the TAC was exported annuélyalue quite close

to the wholemass estimates of 565% obtained from the quantitative calculations in section .3.1)

Offshore (and inshore trawling) dominated volume in terms of having the greatest proportiaumtd. g

Additionally the longline sector was undeatching in terms of their quota and the handline sedtad

been virtually inactivein the precedingfew years (According to the offshore trawling industry, the

longline sector was badly affected by a I8panish demand for fresh hake, since they did not produce
diversified product from their catch, e.g. by valaéding, and were highly focused on the Spanish and
Portuguesewhole, high-quality, fresh fishmarkets. The increase in fuel price also affecteénth

negatively byhugelyincreasing their cosidecause of the considerable amount of steanjing

Ly GSNX¥a 2F SELRNI YINJSGazr {LFIAy o6l a ARSYGATASR
offshore trawling companies. One company estimated thahash as 85% of its exports went to Spain.

Companies also identifiedorthern Europe and Australia as important, albeit smaller, markets. Some
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exports were also destined for the United Kingdom and Germany, although companies suggested that a
great deal othe fish landed there was on route to Spain and only a small proportion remained behind in
the UK (according to most companies) and Germany (one company) for local consunijtise.
markets identified by industry correspond closely with the major expaitkats(those taking an annual
average of more than 500 tons of hake from South Afrib@t were identified in the analysis of
TradeMap export data. These countries weBpain, Italy, Portugal, UKustralia, France, Germany, USA

andthe Netherlands, asummarized in Figurg.6.

Exports of hake from South Africa could all be effectively treated as South Addoght hake,
according to industry. This was because product imported into South Africa from South America and
even Namibia was destined for Elcconsumption. In the case of Namibia this was thought to be
reinforced by the lower export tariffs on hake (0%) than for South Africa (7% or 11%). In other words, it
would havebeen much cheaper for companies to (process and) export fish from Namilgetlgirather

than route it via South Africa faxportelsewhere However it was thought likely that the reverse could
occur. That is, that South African exports to Namibia were almost certainly destined -éompoet
elsewhere, because of the lower tdrifin Namibian exports and because the Namibian domestic market

was (and continues to be) virtually n@xistent.

The rise of frozen product & product displacement on the export market

Companies indicated that with the onset of the international crisisbaut 2008 there was a shift in the

type of product exported. Before the crisis the desired and most valuable hake had been a large, freshly
caught prime quality (PQ) fish. However, with the onset of the crisis and afterwards the major export
products wee processed and whole, headless frozen hake. The value and quantity of fresh fish exports,
particularly of PQ, declined. Conversely, the frozen exports increased in quantity, representing a product
displacement. Even large conglomerate companies reporteshift in the market towards frozen
product, although they still k@ about half of their catch in wefish and halfin frozenfish. Smaller

companies tenddto stick to all or majority sefrozen product caught on freezer trawlers.
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Figue 3.8 Major markets, shown by country, thapurchasedmore than 500 tons of South African hake expogier annum averaged for the 2005 to 2011
period. Therewere nine major countries whose volumes of hake purchases (tonnes) are indicated according tootber key. Industry interviews and export
data were used to estimate the size of the South African domestic market, which is also represeBsqubrt data was extractedrom South African Revenue
Service(SARBexport data inthe TradeMap databaseSee &0 Appendix 3, especially Table A3.3 for further details on annual exportSafth Africanhake to
major export markets.
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The largest market for fresh and generally PQ®fisas Spain. This market had been willing to pay a
premium for PQ hake that wasrdreighted from South Africdefore the crisisHowever, two events

coincided to erode thisnarket.

Firstly, in Spain, fisheries policy over a few years preceding 2012 had allowed a much higher catch of
fresh, longlined hake in Spain, driving itHecal prices of fresh hake down and providing a large amount

of very fresh local product to the market theddakeflown from South Africao Spainwas considerably

more expensivein Spainthan SpanisHanded hakebecause of the additional airfreight costsat fresh

South African hake accrd¢o beimmediately flown (retaining freshness) 8pain Companies indicated

that airfreight costsgnexample ballLJr NJ LINA OS YSy(GA2ySR 4l & endnn LIS
GKS YIFNJ] SG LINR Oper ki) lofthé lacaly-lahBedSpaniste hake.riTine higher priced, fresh
{2dziK ! FNAOLY tv KI | S-freigi®)dsingly couiddnptompétSwith thid Orde ¥ G S NJ |
company indicated thafive out of their six Spanish customers had stopped buying fresh PQ hake
altogetherdue to the availability ofcheaper Spanisbhaughtproduct Asche and Guillen (20182id an

interesting studythat indicatedthe generalconsumerpreferencein Spainfor hake products of Spanish

origin over hake from otheiocations such as South Africgiven a lower price for Spanisaught hake

it is not then swprising that consumers bought less South African hake at that time

The second reasdior the Spanish market erosidhat companies gavelso centrecon the high price of
air-freighted, fresh PQ hake. The international banking crisis and subsequent recession in Spain had left
consumers extremely prieeonsciousln 2012 (and before) pst consumers werduying frozen as a
cheaper alternative to fresh South Africhake in order to save on their household expenses. Frozen SA
hake was (and is at present) shipped to Spain (Europe) by sea, which was a significantly cheaper
freighting option and equated to a much lower price upon arrival in Spain. An industry repaégent

estimated thatin 2012 Spain was taking double the quantities of frozen as compared with fresh hake

A PQ fish is usually a large, whole fish (hake) that has been caaphfrdésh on ice and transported in a short period of time
(at most a few days) to port and lande@enerally considerations that make a hake PQ are the lack of parasites, high quality of
the fish, large size, excellent appearance and the firm flesh texamd clear eyes indicating premium freshness. PQ fish is
generally inspected and cleaned immediately on landing and rapidfye@ghted to its export destination to ensure its extreme
freshness and quality.

%In the Mercabarnawholesale market in Barceta, Spain,the origin of fish has been shown to be the main attribute that
determines hake price; Mediterranean hakem Catalonigfetched the highest prices, followed by French and then Spanish
Atlantic caught hake, while Namibigas the least preferredrigin with an average price reduction of 7.60 Euros from the
highest priced hake (Asche and Guillen, 2012). It is therefore not surprising that given a similar pricing of hakatfrédni&

and Spain, or a more expensiveuth Africanproduct relativeto the reducedprice Spanish hake that Spanish hake would be
chosen.
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from SAExport data for the period leading up to 2012 did not show this level of frozen product directly
destined forthe Spanish market, but rathaimilar volumes of fresh and frozen products, see Figure 3.7.
However, a glance back at Figure 3.2 rezddahat globalfrozen hake exports from South Africa were
approximately double the quantity of fresh hake exportgdbally It is quite plausible tharozen hake

was first exported to another (European) country and then $shipped to Spain, not reflecting this
trend reported by industry in the South African hake exports to Spain, but reflettimgouth African

global exports
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Figure 3.7:Total annual export quantities of hake products exported to Spdiom South Africa under the
Harmonized SystemHS) codes that could include hake as extracted fr@uouth African Revenue Servi(SARP
export data in TradeMap.The codes 160419, 030378 arxB04* represent almost exclusively frozen hake
products, while 030269 represents only fresh products, as described in detail in Table 3.2. The HS code 0304*
represents the aggregate of hake products exported as 030420, 030429 and 030499.

74| Page



Companies poimd out that this market transition to largely (s¢mozen product, with fresh product
losing importance, had occurred over the five years up to 2012 (although there slightdemand for

wet fillet late in 2012) and that they believed that this changeuld persist over the long term. Smaller
companies estimated that as much as 95% of their exports could be frozen product. Whereas, one or
two of the larger companies stated that they still had a fairly even mix between freezer anfistvet
trawlers and tlat they exported as much as 8000 tons of fresh fish per year. Even these larger
companies did point out the shift in the market towards frozen product, though. One effect of this
product displacement was that longline companies were not able to sell (niregh) fish and PQ hake

onto the Spanish market, which was previously their main customer. As such, industry stakeholders
suggested that the longline sector had been performing very poorly, trying to sell fresh fish cheaply onto
the domestic market for aeast the 3 years up to and including 2012, and that it had been struggling to
break into other markets overseas. However, one company estimated that about 50% of fresh fish that

was being exported from South Africa as of 2012csithe from the longlinsector.

A shift to more frozen produatould have meart an increasedise of freezer trawlers as opposed to
wet-fish vessels. Thisoald have a number ofmplications for vessel and company behaviour, which
need to be incorporated into model decisionstsBy, companies indicated that freezer trawlers were
much cheaper to run than wdish vessels per kg of fish caught or product produced. Secondly, the
need for landbased processing was reduced as frozen fillets prepared at sea, or whole, headless frozen
fish also frozen at sea merely need to be landed and shipped. Thirdly, some stakeholders pointed out
that the use of freezer trawleralone couldsignificantlyincrease risk in the business; the deazen (i.e.
freezertrawled) product market has beeknown to change very fast with rapidly falling prices, largely
due to competition with product from Argentinian factory ships on the international market. In other
words, it was pointed out that sefozen may yield high short term gains in terms of prdfitt low

longterm price and market stability.

Some copanies reported that there hatbeen another form ofproduct displacement in the hake

fishery. This displacement was away from whole fish toward increasingly processed-s@déd)

product, whichwag f NBE I REEWREB QI # A ( K2dzi || LISNOSAGSR 0SySTAl
export markets/cliets have demanded a highend product at the same price as unprocessed, so

trawling companies have had to invest much more money in processing theihtkdllets, loins,
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coated, battered or other valuadded products without receiving a higher price per kg for the raw hake.
This means that their profit margins (higher cost, same perceived sale value) have declined in order to

retain clients. In 2012rgwth was reported for the export fillet market.

Domestic market

The South African domestic market was said to be smaller than the export market for hake and most
trawling companies and stakeholders indicated that it was largely a frozen fish marketabshiecause

most distributors within South Africaere notgeared for fresh fish distribution, only for frozen, making

it difficult to supply fresh product within most of South Africa. Even in the Western Cape, where the
fisheryis based, almost all fissold was previously frozen; fresh fish counters in grocery stores most
2F0Sy GKIg FyR aStt KSI Rt S aaddedvdlup Bdichted thatFdsbvalée FA a4 KQ
added product sold in South Africa either came from-Beaen South African pradtt for sale to
retailers, or from imported frozen fish thatexe re-processed locally and sold to wholesalers, e.g.
Namibian fillets for the catering industry. Not all hake on the domestic marlkeye seafrozen.
Companies with wetish vessels estimatethat about 50% of fish on the domestic market were sea
frozen and 50% were from wiiish vesselsAnother company estimated that only about a third of South
African hake on the domestic marketeve from the trawling sector and that there ave a lot of

londined hake of a lower grade (for three years preceding 2012 due to a poor fresh export market).

There were also strong indications that a large proportion of the hake sold domestieathynat South

African in origin and that Namibian hake, in particulaere important (see alsdmport substitution).
Stakeholders attributed this to South African consumers not being that discriminating on the basis of
origin and more concerned about price, because of cheaper protein alternatives such as chicken. Local
consumers were also believed to be accustomed to smaller fish and to largely buyadaled, eg.

crumbed or battered, fish products.

Large companies concentrated on valgded product supplied to retailers (about 70% of domestic
sales) and to a lessextent to the wholesale market (30%). One company estimated that they alone
sold about 1300 tons of hake annually onto the domestic market. Smaller trawling companies (in the
sense that they havaccess to a smaller quota share) sold around 180%eir hakeas wholesale on

the domestic market. (These smaller compardeknot have their own distribution networks to supply
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retailers and also prefeed to receive immediate cash from sales rather than waitto 90 days for
retailers to pay.) Wholesale pradt would have been marketed largely to the service industky
catering, hospitality and fish and chip shop chainand to local distributors and would typically be
headed and guttedH&Q frozen fish or fillets. Whereas, retail products were estimatedecabout
40% fish fingers (mostly minced hake), 15% fillets, 30% coated fish, and the basaotber value

added products such as sauced products.

Overal| the domestic market was thought to have grown in the decaparticularlyin the last few
yearsSLINSOSRAY3A HAamMHD® LG g1 & NBLR2NISR G2 outhdBical 6 &4 2 ND ¢
and Namibiafollowing falls inEuropean market demand. Some large companies found the local retail
market to be favourable to the export market tine year @ two preceding 2012The growth in volume

of fish sold was reportedo have been largely in the wholesale (food service) sector, while retail
volumes were constant at best. Value increases were seen in both; wholesale values increased by
around 8%. (As percentage of total retail foodharket in South Africa fish consumption haigkviously

been declining.) Some companies reported better prices on the domestic market for all marine products
than seen in previous years and some companies stated that expdrtlamestic prices were not very
different in 2012. There was some belief that the domestic market could bigNJieusatdand

grown to take up more hake in the event of a decline in exportherfuture, but a pricedrop would be
necessary. Domestimarket penetration was thought to have doubled in the 5 years preceding 2012,
due to increases in the presenoéseafood restaurants, but remained low overalbnly about 20% of

South Africansvere estimated to have ever eaten hake.

A great deal of unatainty in domestic demand and market price (particularlyvmolesale) remained,
primarily because the domestic market had largely been sugplen and therewere previous
floodings of the market with local or foreign product, e.gpften Namibian)baby hake, that quickly
lowered the price. Many companies also still based decisions on whether to sell on the domestic market

largely on exchange rate and whether a better return would be gained in South Africa or overseas.

Import substitution

The importaton of substitute productsi.e. alternativesto domestichake, was fairly important for the

domestic market An industry representative estimated annual haké&ted imports equatd to about
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15% of the totalallowable catch(TAQ. All industry clusters wernot purely local, but were fed by

specialised importergi.e. fishing clusters themselves often dealt with various imported products or

fish. IYLI2 NIIa GSYyRSR G2 68 FNRI SYy FyR G2 | fFNBS SEG:
(small hake sold kole, headless and frozen), fillets and frozen blocks, which wepgagessed in SA,

were imported. Imports often represented a cheaper alternative to loeadlyght product, as the

domestic market was thought to absorb only a limited amount of higivered hake product.

Imports also had a negative side. At times there had been international dumping of product on the local
market from Namibia and other countries making it difficult to sell loezdiyght hake in SA and
reducing the price extensivelin some cases this resulted in sales of imported product at prices below
the catchcost of local productThis problem was thought to potentially have confounded with poorly
performing European markets, since European exports were low for SA and Namibductpamd
Namibia sold much product onto the domestic market in SA reducing the price and demand for hake.
This could have resulted in local companies having taken a price cut on the local as well as international
markets. Namibian product was also saidhave been soldt anundervalued price (i.e. compared to

the international whitefish price)on the local market, because Namibian companies could not afford to
wait for shipping and payment for product from Europe and would rather take a quick paynbeitt atl

a lower value from SA buyers. A commonly cited example of market flooding over the four years
preceding 2012vas importation of baby hake from Namibla.years of good recruitment the catches of
baby hake ose, but the demand for therwas usuallylimited. It male financial sense for companies to

sell the hake at a low price in the nearest market and cut losses rather than use limited storage space
and/or pay for expensive storagkearge quantities had driveBA domestienarket price for baby hake
extremely low making it unprofitable for local companies to sell it. Consequently there was more

processing of baby hake by some companies to vatided product.

Large amounts of impostcould also have influenced the decision of whether to selt&Ah hake on
domestic or international markets, because substitution affected hake price pharigther words, the
availability of cheap imports locally which depress domestic hake pemalsl also have made expat

markets appear more attractive.
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Domesic/export decision

Historically companies haveng been largely expofbased due to only a small domestic market for
seafood. Stakeholders generakbgtimatedthat about 70 to 75% of hake TA@s exported and the
remainder sold on the domestic marketl& of imported product(x15% of hake TA@Jas also sold on

the local market, some of which wdisst processed in South Africa (indicatititat at low pricesthe
domestic market demand was larger than could be satisfied with surplus hake catthesgxprt
market has remained dominant up to present times, but, as pointed out in the previous section, some
hake has been sold domestically in the last decade and the export marédidea performingpoorly

from the onset of the banking crisis and recessinnEuropeuntil the time of consultation For this
reason, anumber of important factors came into play @2 Y LJI glekistos 6f whether to export or

sell domesticallyThese factors included the size mix of the catch, demand for hake and/or bycatch
domedically and abroad, domestic and international price parity, exchange rate and long term
relationships with clientsCompanies reported being pri¢akers n both the international and domestic
markets, i.e. there was no possibility of influencing loc&ipg of hake because of other imports and

alternative proteins, so this did not affect the decision of whether to export.

The $&e mix of the catchiypically influenced the acceptability of product for the export market. The
export marketwas said togenerally prefer larger fish and fillets, particuladguthern Europe, while
companies agreed that the domestic market, and other minor markets, were more accepting and
accustomed to smaller fish. Small hake that were fre¢merled were frequentlysold onthe domestic
market as baby hake owere occasionally processedto valueadded producs. Companiesthat only

did freezertrawling reported that they directly exporteddake and bycatch >900g to 1 kg wholassas
they werelanded,without any processingshore. Conversely tr@maller hake (< 900¢)at they landed
were either directly exported or regprocessedashorefor the local marketLower value gcatch was
often sold unprocessefl.e. whole)to localcompanieghat process it while high-valuebycatd species
such as monk and kingkliwere mainlyexported. Companies agreed that an exception would be made
to the \®nly-largefor-exportrule for whole fishwhen catch rates for large fish were very low. In this

case, smaller fish would be caught ang@nted.

The real price ratio between local and foreign markets a key determinant of business decisions in

the industry andwas largely driven by two factors, exchange rate and the levels of denidodt
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companiesindicated that theysold to (or at least attempted to sell tojnarkets where they would get

the best returns over the long termi\s the SA Rand weakened additional export markets became viable
for selling to because of (exchange rate driven) increased Rand returns. The domestic marketwvas slo
to track these exchangete induced price increaseéll but one company indicated that they diabt

make decisions on overnight change in exchange rétedRandbeing a volatile currencyput rather on

the basis of long term trends. One of the reasdmehind thiswasthat different markets purchask
slightly different product types, which requadedifferent production lines. Changing produti and
operations of a factory wanot something thathey would change overnight and, as such, companies
stuck by their markets for the long term, sometimes beariffprex-driven) shortterm losses.

Companies werealso reluctant to exit markets to take a short term profit on the basis of exchange rate.

Related to this was the tendency for companies to maintaid aphold long term relationship$ive to

ten years)and contracts with clientsrrespective of exchange rate and price changedationships with

large international clients and domestic retailers were considered particularly important. Companies
stated that relationships were essential because quota and therefore the quantity of product companies
could sell was limited, i.e. they could not supply everyone. Most companies said that they would stay
with long term customers unless those markets becameiabig for extended periods of time,
particularly because they were reluctant to exit markets altogether. Anecdotes were relayed of past
experiences of exiting international markets (e.g. theited States of Ameridaproving unwise in the

long term, becaus when economic conditions changed (Euro became unfavourable) it was near
impossible to break back into those markels. other words, there was an appearance of bounded
rationality driven by uncertainty about future market conditions, exchange rates aothcpllocations.
Within these long termbusinessrelationships the type of product sold under contract might vary with
the vagaries of fishing and higher prices might be argued from customers if product pricing had
drastically changed internationally. Soencompanies also had insurance to protegainst drastic
changes in foreign exchange rates. Only one company stated that it treated hake as an international
commodity and that it closely followed foreiggxchange pricing and adjusted its sales accordiwgisn

there were a lot of shorterm, rapid and severe fluctuations in exchange rates. This company indicated
that if exchange rate was only changing very slowly then they would continue to supply the same

customers over a Ionger term.
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3.2.3Effect of the intemational crisis andacession in Europe

With the international banking crisis in 2008 and 2009 and the subsequent recession in Europe there
were significant downturs in export market volumes of hake purchased from South Africa and the
prices paid. This wa largely due to a drop in the financistiatus of export clients and a structural
collapse. Subsequently there was a slight recovery in volumes that levelled off in 2012, but no recovery
in prices was reportedCompanies reportedeclines ofas much as 3% turnover at the onset of the
crisis, with somebut not full subsequentrecovery in profitability. Prerisis as much as 80% of frozen
catch and 80% of frestirime Quality (PQ fish wasexported, whereas this had declined to 50% of
frozen and 4045% ofwet-fish PQ postrisis. Before the crisis there was also a price differentiation

between fresh and frozen, which disappeared possis.

Most of the changes in companies export behaviour were explained by the changes in one export
market, Europe Compaties reported that the type of produalemandedby European marketbhad
changed with the crisis. Pi@isis there had been bulk wholesale of hake to the European UROhn

but subsequent to the crisis to sell in the EU companies had to produce supermaekity, processed
product with no increase in price paid per kg. (Increases in cost to produceaddael product due to
inflation, rising labour costs and so forth could not be passed to the EU consumer.) There had been an
increased demand for frozerilléts and, more recently, wet fillets. Overall, demand for fresh product
had declined postrisis the decline infresh, PQ represented more fish being processed to fillets for
domestic and export market This shift was mostly reported to be due to desight for frozen fish

being significantly cheaper, and causing a cheaper end product, thaco8ty air-freight needed for

fresh productas discussed earligin a market where consumers had become very peimescious.

Companies reported that beforéhe crisisthe 40% and 80% of their produ¢hat was for export
accounted for 60% upwards of company revenue. fdsis export volumes were reported to hase

much ashalvedby some companieand more importantlyrevenue from export was reported to have
dropped as low as 30% of total revenae one point This later recovered so that by 2012 export
accounted for about 50% of revenue. Companies also reported having to grow other markets, such as
domestic and African, for hake. This meant that they hathke a significant price drop, reducing their

profit marginssignificantly as these markets were not willing to pay a premium for fish.
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3.2.4Thoughts on quantitative export analysis

All companies, save one, agreed that the overall quantities, values oftexgud value per ton by HS
product code were a good reflection of the actual values for the industry. One company thought that
the volumes may have been a slight underestimation of actual volumes and that, especially, there were

more fillets exported tharndicated in the data.

There was a large drop in 2009 in volumes and value of exported hake. The reason for this was that in
late 2008 the credit rating of many (large) European companies changed all of a sudden. Many banks
called in their debts and revaluated the credit rating of their outstanding debt. In most cases they
severely cut credit ratings. For some companies this meant that their loans and/or credit was downsized
from as much as 8 million to 3@WO0 Eurosalmostovernight. They then had toome up with large
amounts of money to pay off debts and their cash flow was reduced (no buying on)crgdi was
particularly bad in Spain, where Spanish companies were said to behave irrationally and on the basis of
paranoia and there was difficulty selling fish through the entire supply chain. Bphad a system of
inventory buying, where large quantities @fozen)fish would be held by inventory buyers that would

then sell this stock on to other companies. This system worked differently to plikeekaly where

there was a rapid throughput of stock (and who continued buying from SA). When the credit rating was
cut Spanish suppliers welmlding extremely largequantities of stock and the buyethkat they were

selling to suddenly did not have theredit to buy stock.This meant that inventory buyers stopped
buying SA hake for several months while they cleared the stock that they were haltingenerated

more capital for when they resumed purchasing LY 2 0 KSNJ g2 NRax | ughtheO] dzLJQ
entire supply chain. Once the inventories were cleared in late 2009/early 2010, things returned to a

more normalsituation where SA exports were going to Spain again.

As a more specific detail, companies also pointed out that there was a prdiythcement within the

HS 160419 export code to more processed and therefore highlere products, leading to the illusion

of a greater value per ton of product. However, companies did not perceive this as an increase in profit.
They were processing pradts more to obtain the same profit they were previously making on-non

processed hake.
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3.2.5Important drivers of companyeaviour

There were a number of important factors affecting company behaviour, including Catch Per Unit Effort
(CPUEa reflection of catbability of fish andunder certain conditionstock abundance)TAC(a good
reflection ofrelative population levelsn the South African hake fishery examplieiel price, interactions
between these three, fishing and operational costs, labour costsaggehrate of major currencies with

the South African Rand, size mix of catch, and less tangible issues such as perceptions of political
stability, fishing right allocation uncertainties and ecological certification. All companies stated tivat the
primary objective was to catch their entire allotteahnualfishing quota within the horsepower effort
restrictions imposed. This was partly motivated by concerns around being prejudiced against in future
rights allocations should they undeatch. An industry rejsentative stated that this motivation to

catch regardless of fuel price or CPUE meant that this often represented afnwestment in fishing

by companies.

After quota two major factors affecting the cost of fishing and therefore profitability wegEand fuel

price; both of these have been subject to fluctuations in the last decade. Companies reported observing
an increase in CPUE from 2008 and all but one company reported a drop in 2012. This CPUE drop, and
hence fuel usage increase, was estimatece from 390 to 500 litres of fuel per landed ton of fish.
Companies continued to catch despite changes in CPUE so long as catching was still profitable, although
they were willing to take shoiterm losses to catch their quota and meet contractual dens and

trade these losses off against potential future gains. One industry representative identified that there
were sometimes mismatches between TAC and CPUE because of time lags in CPUE being incorporated
into hake population predictions and thereforeAT recommendations. This was thought to lead to
mismatches between fishing capacity (number of boats) and CPUE, i.e. desynchronised investment.
Most companies admittedassuming that they would want to continue catching, tifaCPUE were to
decrease sevety they would need more boats toe able tocatch their quota, although in some cases

lease agreements could be arranged.

The size mix of the catch was not only important for decisions relating to whether or not to export, as
discussed ilDbomestic/ExpdrDecision but also for profitability. Small hake had very few options, they
could only be processed to very small fillets or headed and gutted and sold in bulk, both of which

yielded a low price per kg. If the catch wasmposed of larger fish the tot&bnnage and catch cost per
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ton wasthe same, but the processing costs on lamere lower and there we more product options,

so that a greater profitouldbe made. Most companies agreed that medium to meddange sized fish
were the most profitableand favoured because of a wide variety of product stream options and the
ability to make perfectly graded, uniformly sized fillets. An industry representative pointed out that
some companies tended to specialise in the size of fish they caught and procesdedotivers were

more generalist, targeting specifically sized hake to meet product demasdhey arose

Foreign exchange rate similarly had other effects than just the decision of whether or not to export. It
could affect baseline costs of fuel (basadZAR/USE exchange) as well as the Rand price of Bk € U ®
This could lead to complex interactions in profitability of product. Changes in exchange rates and tariffs
or international duties could affect local as well as international pricing. Fer¢hison many companies

YSI adzNBR O2aias LINAOAY3I FyYyR LINRPTAGE Ay FT2NBAIy SE

Related to this last point, the price @dfiel had a large impact on cost to compaiiywas the single
biggest cost to the fishing industrgonstituting as much as 40% of costs. Companies could not avoid
changes in the fuel price, but would try to swap to cheaper fuel when possible. Fuel was said not to have
affected the core operations of the business, but that if fuel increased substaiitialight make fishing
non-viable or less viable at some point. The next biggest cost was lgdmounting for around 30% of
costs; labour costs increadeannually. Labour costs were more significant for companies that-land
processed their fish. The renmaier of costs wereomprised of general operational costs, such as repair
and replacement, maintenance and fishing gear, comprising about @086sts Post2008, anually
increasing costs together with lowered retail price were reported to be squeezimgntiustry of its

profits.

Most companies also listed ecological certification (most rigitders in the offshore trawling industry
have been Marine Stewardship CourtMSC- certified as sustainable) as a necessity and therefore an
additional cost tlat they carried. Certification was a requirement to sell to clients in most EU countries
(not in SA) and particularly to access tathern and/or central European markets. Some companies
indicated that they did not receive a higher price for certifieddgucts, meaning that industry bore the
cost of certification and this was not passed onto the customer. It would therefore seem that it provided

a benefit in terms omaintaining or broadeningiarket access rather than improved pricing.
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Unexpectedly, pdiical issues (particularly surrounding uncertainties and interventi@am)eared to be

an important factor affecting the perception of companies and indirectly their behaviour. Meetings with
industry coincided with a period of dissatisfaction widnd urcertainty within the Department of
Agriculture, Forestry and Fisheries in 2012, which undoubtedly heightened the issues. The major
concern that industry voiced was over the uncertainty in future rights allocations (2@hére hake

trawl and 2021offshore hake traw) and over maintaining their MSC certification, which represented a
significant investment. Both of these hampered predictability ofgoing business and were said to
hinder reinvestment into the industry. An industry representative statedttthe closer to the deadline

for rights reallocation, the more effect the uncertainty would have on business strategy. The other
major political concern was over general political and social stability within the country as a whole.
Industry pointed out tlat social and political upheaval such as labour strikes around mining and issues
on nationalisation affect the exchange rate and economic climate, which has a large effect onr export
related business, particularly because these events tend to be unexpanteéthake exchange rates and

costs hard to predict.

3.2.6Vessels

Vessel attributes

The split between whether fisvas trawled fresh or frozewas vessetlesignated. The two vessel types

and attributes, with averages as given by companies, are described i@ ahldescriptions on the

overall fleet composition and numbers of vessaigprovided inChapter 2. The fresh product that wet

fish vessels produced was primarily PQ product for export and fish for-adiliag. Whereas, freezer
trawlers tended to prodce seafrozen fillets and H&G whole fish. Freezer trawlers cost more to run on a
daily basis, but they actually cost less per ton of landed fish. Fresh fish was reported as more expensive
to catch per ton, but to have more final product options. Wish vessels had short turaround times

to land fish as fresh as possible. For this reason, and to reduce lost fishing days and fuel, vessels tried to
reduce steaming days. That being said, vessels were said to travel to suitable fishing grounds regardless
of fuel price. Companies that had both with and freezer trawlers stated that their fleets were not
sufficiently large to make decisions on which vessels to send out at certain times. Rather they had
attempted to keep all vessels active throughout the yaarfar as possible and to retire vessels over
several years to reduce excess capacity in the fleet to levels where all vessels retaheedctive

vessels. Fleet capacity did not change over the short term.
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Table3.5: The number of average vessel tripspyear and what they entail.

. . number of . .
turnaround time to trip turnarounds running cost roduct processing on
time end (ZAR/day) P board
per year

Wetfish 6 days 3to4 54 120 000 fresh minimal
vessel turnarounds
Freezer 20 days n.a. 8to 14 200 000 frozen yes
trawler

Scan assume 1 trip/turnaround per month for freezer trawlers

Number of vessels deployed

All companies responded that they aim to keep all vessels active for as much of the year as possible in
order to provide a constant supply of prociuto clients and to keep their staff employed and factory
operational. Thus all except one company said there was little or no seasonality in their vessel
deployment. The exception stated that it ggaled its extractive capacity during the favourablessea

and kept a baseline activity during unfavourable times. Companies were also in agreement that vessel
activity had declined through time as excess capacity was reduced, particularly sevbayears
preceding 2012CPUE had been high fitrree to four years preceding 2012 enabling reduction in vessel
numbers since fewer vessels were needed to catch the constrained quUdtare were some concerns

that if CPUE dropped drasticadind it was still profitable to go fishing (or at least that losses wootd n

be sustained over the long terfinore vessels would be needed and it would take at least one year to
purchase a secondand vessel or two years to have one built. Companies also stated that capital
investment in a new or secortand vessel was a majoecision and implied that it required certainty in

returns as well as political certainty.

Ownership and use of vessels was found to be fairly complex. At one end of the scale were the large
verticallyintegrated companies that held single rights and od@naultiple vessels, while at the other

end were vessels on which several rights were fished. In the first instance conglomerate companies in
addition to using their entire fleet, as described above, may also have had catch arrangements with
other companiesThese companies could have been vessels or processing companies that had no quota

in their own right, ormore rarely, they may have been a quotaolder or vessel operator that had no

%This stems from the fact that companies will take skertn losses to continue meeting their contractual
obligations of supplying fish and also to ensure that they catch their amtlotied quota. As discussed elsewhere,
companies considered their ability to demonstrate to government that they had the capacity to catch their allotted
guota to be important for future rights allocations.
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processing operation. In the second instance, some vessels may haylet ¢heir limited quota and

then the quota of one or several other rightsholders in the same year. The fish from these different
guotas generally would have had distinct processing routes. Effectively, these companies lease or share
the vessel for most ahe year, because effort restriction forced them to catch their quota within a short
period. The dfort restriction, which was suggested by industtgkes the form of limitation oseadays

on the basis of an adjusted shaft horsepower (i.e. engine posferg@ssel{SADSTIA, 2013

Decision of where to fish

The decision of where to fish was based largely onGR&JEOT fish, i.e. where to maximizeatch, and
secondarily where to obtain appropriate simgx for products. Sizenix was more important for soe
companies than others; they indicated that if unfavourably sized fish were being caught they would
either adjust location or effort sas to catchwhen or where a more favourable sizeix was available.

Fuel price was not a deciding factor on whereigh f or when to fish. However, its interaction with CPUE
was considered important andvhere possiblecompanies would fish closer to horpert to reduce
costs. One company pointed out that fishing further from hepwet could add 10% to fuel costs and
anaher suggestedhat CPUE had been high in the years immediately preceding 2012 minimizing the
impact of higher fuel costs. Fishing closer to hepogt when possible reduced fuel and wage costs and
therefore kept the cost per kg of landed fish lower as wasllensured (in the case of with vessels)

that fish were landed as fresh as possible. Limitation of effort in the form of horsepdayer only
extended to fishingdays and therefore did not affect decisions on the steaming days to get to a fishing

area

The decision of where to fish appeared to be part compdingctive driven and part skipper
intuition/choice. Companies constantly did catcbst analyses and would sometimes send directives for

all boats to fish in a temporarily productive area omp@ause fishing in bad weather conditions. In terms

of vessel directives, the objective for vessels was first to find a particular fish size for a product and
secondarily to fill the vessefishing vessels have also been known to leave an area becausglef (h

levels of) undesirable bycatch.
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Fishing grounds

All companies sent their vessels to fistore on the Westernand the Eastern Agulhas Barkeas®

during the summer months and the We@bast (CapePoint and northwards) during the winter. The
reason fo this wasthat larger fish could be founth the respectiveareasat those times. During the
winter the weather conditionsn the Agulhas Bank arelaecame too extreme and the currents too bad

to easily fish there. Fishing on the East Agulhas BankEAB)was said to add significantly to the
steaming costs Thewarmer water there alsotended to yield fish of lower quality flesand made
refrigeration harder so that some companies stated that they would onlydisthe EABf the catch

was significantly bger (i.e. when it wasmuch lower in the west). Weather had apparently been
observed to be less predictable than historically in the three to four years preceding 2012, with catches
low on theEABIn summer for at least two years. In 2012 conditions wergarfavourable there. During

the change of seasons catch rates were also said to typically be low. Some companies estimated that
overall more fishing occurred on th@est Coast because there was typicaligher primaryproductivity

there and also theithome ports were based ther®nly minor processing dlakewas performedn the

EABjn Mossel Bay and Port Elizabeth.

3.2.7Time scales

Timescales of consumption and processing were identified as being seasonal in nature. Prices were also
thought to be affectd by the seasonal availabilif fish in the global markeHowever longer term

trends of changes in consumption, vessel activity and fish processing were also noted.

" In this thesis the Western Agulhas Bank is toastal shelf area to the west of Cape Agulhas until Cape Point and
the Eastern Agulhas Bank is the coastal shelf area to the east of Cape Agulhas until the area around Port Elizabeth.
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4. Discussion &onclusion

Overall there was much consensus betweka qualitative infemation that companies independently

told me. Smilarly there wasconcordbetweenthesequalitative data and myuantitative findings This

has resulted in a great deal of confidence in the quantitative economic analysis carried out as well as in
the qualtative data from companies. Therefore, it should be safe to assume that thepdasantedin

this chapter should be a sound basis on which to build the protoggentbased model (ABM) in the
following chapter. Meetings with industry also reaffirmed tbleoice of an ABM for the system, since
there was heterogeneity in company strategies, processing efficiencies, number and type of vessels and
end products, as well as potential system level patterns emerging from the collective behaviours of

many individuhcompanies in a complex system.

The information outlined in detail in the results, both quantitative and qualitative, that applies to the
ABM in the following chaptercan be summarised as follows. Both quantitative and qualitative
estimates of export @lumes were in the order of around 6@0% of TAC being exported. The major
export market for hakeroducts (see detailed data ilppendix3, Figure A3.Bwas quantitatively and
gualitatively identified as Spain. According to industry, all hake exporta Bouth Africa could be
treated as having been caught in domestic waters, because lower tariffs from Namibia discouraged

exportof Namibian hakéhrough South Africa.

It was suggested that theecenttrend in the export volumes of hake was away from ffreshole PQ

hake to frozen product and fillets. A trend of increased fillet (030dxport volumes and decreased
fresh, whole fish (030269) from 2008 onwards could be seen when gross volumes were converted to
whole-mass equivalents; i.e. more of the actuzatch was being processed to fillets and exported.
According to industry much of the loss in volume of fresh exports was due to a decthe Spanish
market for fresh South African hak@bserved, sed\ppendix 3 Figure A3 landrepresented a major
decline in exports ofonglined product. Suggested implications of this were that much ofltmglined
product had been reouted to the SA domestic market and that there was a higher reliandeeezer
trawling. The latter brings with it an associatedlvetion in landbased processing and some risks of
frozen fish price instability on the international market in the face of competition from Argentinian
factory ships. The ability of the industry to swap from fresh to frozen product, though, has remained a

key aspect in allowing the industry to remain profitable by shifting its product stream to match
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international demand and to reduce catch costs to retain profit margin (freezer trawling bears a lower

cost per ton of landed catch).

Companies also reportea slow product displacement towards increasingly more processed {value
added) product for export, without gaining a greater overall benefit. A great deal of -aalded
product was exported under the 160419 HS cdegy. crumbedfrozenhake fillety and an increasing
price per Kogram(kg)can be seen for this code after 2008. Companies stated that this increase in price
per kg of processedfish did not translateinto a perceived price increase peqg lof the whole,
unprocessed fish from which the produgas made. Rathegverall profits had not increased, since this
price increase represented a product displacement toward increasingly -adided productwhere
higher production costerere involved. They suggested thdiey had to increase processingéévto be

able to continue to sell to international clients. Companies also mentioned that prior to the crisis there
was good price differentiation between fresh and frozen product, but that this disappeareecypsist

This could be observed in the quéative data as a convergence in price between whole fresh (030269)

and whole frozen (030378) hake after 2008.

It was not possible to obtain quantitative data for the domestic market and so qualitative data estimates
of its performance and size must iesd be used for informative and modelling purposes. The domestic
market was said to be much smaller than the export market, taking about 30% of domestic TAC plus
additional import volumes (largely from Namibia) being the equivalent of about another 1%fakef

TAC. The price paid on the domestic market was also reported to be much lowahé#iarbtainedfor

exports, although it had improved slightly in recent years. Of locally supplied protusttrawling
industry was estimated to only meet about a thiof the demandwith longline and importssaidto

have catered the rest. If the domestic market is assumed to have consumed the equivalent of about 45%
of annual TAC, includirfthe £15%)mports, this would equate tapproximately64 600 tons per annum
(taking the average TAC for 202@12) not an insubstantial amount. This valuas also not altogether
surprising, given that one large company estimated it sold abou@003tons to the domestic market.
According to companies this market remained poascious, though, and treated cheaper proteins,

e.g. chicken, as suitable substitutes for fish, making it difficult to grow value.
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Companies that had a mixture of wish and freezer trawler vessels estimated that the domestic
market took about 50% eaatf fresh and frozen. These companies tended to make about 70% of their
domestic sales to retailers and the other 30% to wholesalers (service industry, distributors and fish and
chip shop chains), while smaller, frozenly operators tended to sell 100% wholesale. Growth in the
domestic market had been predominantly in the wholesale sector, with values having inceddsati
wholesale and retail. Wholesale clients bought predominantly frozen fillets, while retail market
demanded value added produat/kich was approximately 40% fish fingers, 15% fille&88% coated fish

and 15% other valuadded products).

Companies responded that the decision to exportmsell domesticallyvasbased primarily on size mix

of the catch, demand for hake, pricatio, exchange rate (which also heavily influences prat®) and

long term relationships with clients. Indeed, proof could be found for exchange rate, since a positive and
significant regression was found between annual volumes exported and the Rand/Euragxchte.
Companies stated thatlecisions tended to bén response tolong term shifts in exchange rate

fluctuationsandnot short term fluxes.

Qualitative data on company and vessel operational decisions wlegie relevant for the ABM also
emerged. Therimary objective of all companies (as a proxy for rightsholders) was to catch their entire
allotted annualfishing quota within thehorsepowereffort restrictions imposed. This was an overriding
driver, with companies catching their quota even while begrishortterm losses because of
unfavourable CPU&nd fuel price interaction§CPUE is viewed by companies as affecting catcharate
guantity of effort required to catch their quotaAs such, it interacts with fuel price to determine the
catch cos per ton. An unfavourable interaction between the two would be one where catch cost
becomes high, reducing profijsThis behaviour was posited to be overarchingly driven by concerns of
being prejudiced against in future rights allocations should theyewgdtch their quota. After this,

CPUE, fuel price and simex of catch affected profitability and fishing location decisions.

Companies aimed to keep their vessels active throughout the year, at least as far as offshore trawling
was concerned, and naeessels would generally be held back from deployment; seasonal changes in the
number of vessels were generally not reported. Related to this wasseing and leasing, particularly

among small rightsholders, did occur so that vessehers could keep theivessels active throughout

91| Page



the year even once their own quota was used early in the year. Product processing lines were kept

separate for different vessel users.

Of more relevance tthe ecology of the hake ecosystem rathiban to the economic ABM, itas found

that the O 2 Y LJI yekiSads @n where to fish were largely based omecent histories ofCPUE and
where the desired sizeix of fish could be cauglitompanies constantly collect and monitor these data
closely) Thiscould represent a possible krirom the economic model to an ecological model in future,
beyond the scope of the thesis. Fuel did not affect decisions directly, except that if similar CPUE and
sizemix could be found closer to home port then this area would be fished. Veap#irs aimed to

first find desired fish size and then secondarily to fill the vessel. There appear to be seasonal fishing
grounds the Agulhas Bankn summer and the West Coast in winter, when larger fish can be fogund
these areas Companiessuggestedthat overll there was moreoffshore hake trawlingon the West

Coast because of higher productivity aheir home-ports being found there.

When building the model the above considerations should provide valuable information on function and

should inform decisios
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Chapter 4Modelling the haketrawling industry in South AfricaAgent-based
model design andmplementation

1. Introduction

The hake fishergccouns for more than 50% of the overall value &futh Africanfisheries(Butterworth

and Rademeyer, 2005Powers et al, 2010, and is estimated to generatearound 30000 jobs
(Rademeyeret al, 20083. Aspointed out in Chapter [1the fishery is largely accounted for by its
offshore demersaltrawl sector that take85%o0f the catch(Fieldet al, 2013, and hencemost of the
revenue Given the importance of theffshore demersahake trawl fishery and that little literature
exists on the structure and function of tHishery, the analses of Chaptes 2 and 3 were carriedut.
Thesechapters have begun to make inroads in presenting structural and preliminary information on the
hake fishery in general, and specifically te offshore trawl sector. Using existing literature and
information with the resultsfrom these chaptersit is possible to form hypotheses on the fishery.
Modelling can serve as an important tool for testing these hypotheses, organizing the systems thinking
process with regard to the industry and further identifying omant areas for future research
expansion. Modelling provides the next stepuimderstanding and exploringuestionssurrounding the

dynamics of thesouth Africaroffshore demersal hake trawl fishery.

To effectively manage a fishery it has become insiregly understood that ther need to be explicit

social and economic goals in addition to ecological goals. To determine what these goals should be, a
O2YLINBKSyaA@Ss 2N 4G GKS @OSNE fSrad Fy I RSldzd G§S3
econonic systemss needed. A modelling framework to assist understanding the economic conditions in

the fishery and drivers of the economic system will be very valuable in thisdie@ae ultimate

objective of the modelling process is tar as possible, tdarify thinking around what good objectives

could potentially be for the fishery, which could help to inform possible management strategies.

The modelling approach is particularly suited to understanding and testing some hypotheses on the
structure and dpamics of the economics of the offshore demersal hake trawling industry, because i)
data are limited, ii) the data collected and analysed in the previhapters(2 and 3)of this thesis

provided information on structure and qualitative functioning of thgstem, in addition to some
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guantitative information, allowing for construction of the model, but not extensive quantitative
analyses, iii) syste#evel questions are asked and following from this iv) for a thorough quantitative
analysis a huge amount data collectiorwould be necessary and thisould be too expensive, labour

intensive and sensitive (due to the private business nature of the data) to collect.

Agentbased modellingABM)has been identifiedn Chapter las a methodologparticularly regévant to

this complexoffshore fishery Both the economicand ecological systendf this fishing sectospan a
range of scalege.g.Perry and Ommer, 2008umminget al., 200§ and are complex adaptive systems
which, according toCostanzat al. (1993, means that simply 33aNB 3 GAy 3 GKS o6SKI @A2d
parts will not represent the true nature of the whole system. ABM can mtdede complexsystems
where the simple, rational choices of heterogeneous individuals and their interactmmsometimes

lead to unintended or unexpected consequences at the systery.fishery/resource/ecosystem) level,
which can for example be important for understanding the unintended or unexpected consequences of
policies(e.g. Ommer and Team, 200As summarised from the discussioim Chapter 1,ABMs have
beenwidely applied in economid®eissenbergt al., 2008 Fuks and Kawa, 200Rawa, 2009Nolanet

al., 2009 Nair and Vidal, 20J1including in agricultural resource economic apgtiicns such as in value
chains. Bt they have been little used in economic applicaticimsa fisheries contextWhere such
applications do exighey havecentred aroundopics such asnderstanding fleet dynamidkittle et al,,

2004 Soulié and Thébaud, 2006chafer, 2007Wilsonet al., 2007 Yuet al., 2009a Bastardieet al,

201Q Cabralet al, 2010, fishing strategie¢Boschetti and Brede, 20Q9and the effect of individual
transferable quotas on fishing fleet behaviour, discarding, cégebls, and profitathity, among others
(Little et al, 2009. Economic applications of ABMs in fisheries represent a significant area for
development and gven some of the similarities betweesxisting ABMapplications and thetady at

hand, an ABM appears the logical choice to apply in this study.

As shown inChapter 2 the companies involved in extraction and processing of hake in the offshore
demersal hake trawling sector are heterogeneous; they have different structureseieets, product
types that they produce, sizes and proportions of quota and presumably target markets. Following from
this is the broad hypothesis that changes in market forces in terms of volume, price, product type

demanded (e.g. fresh vs frozen)liviave dissimilar effects on different types of companies (i.e. those
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with varying structures and capacities for producing certain product types, e.g. fresh ¥ozea

product). AnABM is the ideal means for testing this given that heterogeneity candmelledexplicitly.

The broad ainof this chapter is thereforeto gain a preliminary understanding tife dynamicsof the
Southern Africanoffshore demersalkhake trawl fishery, which operates in the Southern Benguela,
between target resource and martsewith regard toits structure.That is, this prototype of thenodel

will specificallyi) explore changes in international and national market demamghe quantity of fish
extracted in the SA hake fishegand on overall company sales or wastage, iplae scenarios of
changes irtotal allowable catchTAG and iii) explore changes in frozen vs fresh demand of export and

local markets for fish at the level of the entire industry and for each broad agent category.

2. Methods
2.1. A note on prototyping

Starfield and Jarre (201%uggest building a final model through a series of prototypes with the first
simple prototype built as fast as possible, simplifying assumptions listedteemdthe model tested.
Subsequent prototypes are then built in much the same manner in incremental steps of complexity with
full assumption listing and testing at each stage. Producing this first rapid prototype and testing it
provides several advantagesndluding (i) not stalling the modelling process due to data gaps or poor
data and (ii) rapidly producing preliminary results that allow an assessment of what the model is capable
of, how different disciplinary aspects of the model interaitte direction he model development
could/should take, andllow refinement or reconsideration of the model objectisgse Sarfield and
Jarre, 2011 for more advantage3hese advantages make prototyping the method of choice for the
development of this model. Rapid prototyping is a technique that is particularly useful for
interdisciplinary modelling, since it minimizes pmls such as imbalance in the model, data gaps,
uncertainty in interpreting results and confusion in model objecti(@&rfield and Jarre, 20)11This
chapter covers the construction of thédt prototype, within the context of one full iteration of the

modelling cycle.
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2.2. Conceptuaframework formodel

The details of the structure and function of the offshore hake trawling industry detailed in Cha&pters
and 3 form much of the conceptual fraework for thismodel A full, detailed description of the model
follows. Figure 4.1 provides a schematic of the industry structure from fish to markets and a
comprehensive (though not exhaustive) list of all types of major drivers that act on the induskry

real world.

2.3. Model design

Of the drivers listed in Figure 4.1 only a few, including the overall demand for fresh and frozen fish, the
proportion fresh and frozen fish that each market (export countries or domestic) demands, TAC and

individual compay quotas, were examined in this first model prototyptakeSim 1.0

In order to represent the simplified structure of the trawlimglustry (described in Chapter 2)fishing

vesselsji) companies or company clusters that operate as a single entitygsing and marketing fish

and iii) clients in the form of international importing countries or domestic markets were created as

agents in the radel (Figure 4.2)Fish (fresh and frozemke) was used as eurrency?in the model and

at all levels demand fdiish was segregated into fresh and frozBepending on the stage of processing

2T KI1S Ay (KS Y2RSt GKA& YIFe& 0SS G2ya 2F dzyLINBOSa
processed product sold by companies to international markéxs.a mathly time step the model

simulates catching, processing and marketinghake It examines how changes in drivers such as

international markets or TAC affected the industry as a whole at the processing and vessel level.

¢tKS StS@Sy WwWOf mBo¢lirepresknid yhé South ¥fricain KiGnestic market and ten
international countries that formed the major importing markets for exported South African hake, i.e.

those who imported more than 500 tons of South African hake per annum for the data perintifi@te

in Chapter 3 as$pain, Italy, Portugal, UK, Australia, France, Germany, USA, the Netherlands and one
ddzoaGAGdz0S F3Syld GKFGO NBLNBaSYdSR GKS G20Ft RSYly

were given a demand for fresh and frozerhfegs an input to the model. Based on this demand they

12 Currency in this sense is a modelling term for some unit thatékanged between different agents or entities in

the model and is not currency in the monetary sense. In this version of the model the only model currency was

fresh or frozen hake (measured in tons), but in Chapter 6 for version 3 of the model an ddditionW O dzZNNBy O & Q
added, which is actual money (Rands and Euros).
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activated by the model at random to execute their procedures and they purchased from random

companies.
— Woarld economic International hake
Import substitution \ situation ‘/ market price
South African International
Domestic hake Transport costs
market price *| Domestic Market [ export market [*
Client clients
Contracts
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**product type demanded ::: ‘—-"-'—/J
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E50verall
—
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Figure4.1: A variety of drivers known to affect the offshore demersal hake trawling industry in South Africa.

Parameters capturedn the first prototype model HakeSim 1.@re marked **.lllustrations by Rachel Cooper.
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Companies, ocompanyclusters, provided a representation of the actual clusters that existed in the
industry as of 2013 (seldgure 2.1 for details; eightclusters were used and cluster E was ignored as it
had been absorbed officially by another medium cluster). There werdavge clusters that collectively

took 62.8% of the demersal offshore hake trawl TAC (which was equivalent to 52.9% of global hake TAC,
i.e. the TAC including all hakargeted sectors), owned 20 vessels and specialized in a mix of freezer
trawled (i.e. se-frozen) and weffish product (i.e. fresh fish). Three medium clusters owned 26.6% of
offshore TAC (22.5% of global TAC) and 22 vessels, produced predominantly freezer trawled product
(one company did a mix with w4ish) and only one of the companies dituch processing of product.
Finally, there were two small clusters that owned 3.7% of offshore TAC (3.1% of global TAC) and three
vessels, only caught freezeawled product and didninimal processing, and one supeluster of small
clusters that owned % of offshore TAC (5.98tobal TAC), five vessels and which was assumed to only
catch freezettrawled product and not process its fish. There were therefore four breeds of company
agent. Each of these breeds was represented by a single agt imodel, which combined the total
guantity of rights and vessels actually held by those company breeds and sold the appropriate product
types. The largeompaniedid a high level bprocessing, the medium rightstders did an intermediate

level and the small anduper-cluster agents did little processing. This was represented in the range of
processing efficiencies per agent. An estimatibasedon the company data for right®lder clusters
represented in Chapter 2yas used for the number of wdish vessels veus freezer trawlers owned

per agent type: large agerg 60% (12) wefish vessels, 20% (4) freezer trawlers and 20% (4) large
factory freezer trawlers; medium ageqt18% (4) wefish vessels, 73% (16) freezer stern trawlers and

9% (2) large factory freezé&rawlers; small agent three freezer trawlers; and sup@tuster agent five
FNBST SN GNIF 6t SNED® Ly GKA& LINRG2GeLIS 2F GKS Y2RSft 3

agent was evenly split between all vessels.

During industry consultatio TAC andiencequota were considered the two most important limiting
factors by most companies. Overall market demand specific demand for fresh versus frozen product
were identified as importanprocessesn the real world systemseeChapter3, as irternational market

forces and price had forced a shift of the market towards (relatively) cheaper frozen product (lower
international freight costs for frozen than fresh) and more highly processed product. This was suggested
by stakeholders to have had musificant effect on the industry and a shift in export volumes of different
products appeared to confirm this. For later versions of the model frozen vsfisteproduct is

expected to have a good deal 6hancial significance at a number of differenéVels; wetfish and
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the cost of catching one landed ton of fish) values, also these products fetch completely different prices
on the internationalhational market and are favoured by different international clients. It therefore

seenedimportant that this distinctiorwas captured in the earliest stages of prototyping.

The first prototype of the model therefore included some of the key drivers aptehs 2 and 3 that

were possible to model with just fish (hake) as a currency in the model (see Aatiar full list of
modelinputs). This allowed for the simplest possible prototypééomade, followindstarfield and Jarre
(201)), while stillproviding a good starting point for hypothesis testing in the model. Given that this was
the first and therefore simplest prototype of the model, a large number of assumptions wede ma
(Table4.2).
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Figure4.2: A screenshot of the model interface showing t#a® vessels to the left4 companies(large, medium,
small and supercluster types)in the centre and11 client agentsto the right. The lines connecting agents
indicate sone transactions of fish. Since the modelnsnspatial the interface is just a simple visualization of the

model structure.
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Table4.1: Input variables and output monitors for the first model prototype.

Agent(s) it
Type applies to Brief description
Input variables
quota proportion of 1~ companies right = proportion of TAC thas allocated to companies, % value transformed to proportic
frozen processing efficiency proportion of 1 ~ companies the efficiency with which companies process whole fresh fish into final product
fresh processing efficiency proportion of 1~ companies the efficiency with which companies process whole frozen fish into final product
client demand tons clients the quantity of fish that clients demand (total of fresh and frozen fish)
proportion frozen proportion of 1 clients the proportion that frozen fls accounts out of all fish demanded by a client
TAC tons entire model the total allowable catch, allocated annually
Monitors
world frozen demand tons clients the total demand for frozen fish made by all clients in the model
world fresh demand tons clients the total demand for fresh fish made by all clients in the model
world total demand tons clients the total demand for all fish made by all clients in the model
world frozen fish bought tons clients the total quantity of frozen fish purchased by dients in the model
world fresh fish bought tons clients the total quantity of fresh fish purchased by all clients in the model
world all fish bought tons clients the total quantity of all fish purchased by all clients in the model
world fresh unsold tons companies the total quantity of all fresh fish that was not sold, summed for all companies in model
world frozen unsold tons companies the total quantity of all frozen fish that was not sold, summed for all companies in mode
world all unsold tons companies the total quantity of all fish that was not sold, summed for all companies in model
world fresh caught tons companies the total quantity of fresh fish caught by albwfish vessels of companies
world frozen caught tons companies the total quariity of frozen fish caught by allet-fish vessels of companies
world all caught tons companies the total quantity of all fish caught by alletfishvessels of companies
world fresh processed tons companies the total quantity of fresh fish produced thrgh processing of whole, fresh fish caught
world frozen processed tons companies the total quantity of frozen fish produced through processing of whole, frozen fish caug
world all processed tons companies the total quantity of all fish produced througinocessing of all whole fish caught
world fresh wasted tons companies the total quantity of fresh fish that is discarded as a result of processing (i.e. unusable |
the total quantity of frozen fish that is discamd as a result of processing (i.e. unusable
world frozen wasted tons companies parts)
world all fish wasted tons companies the total quantity of all fish that is discarded as a result of processing (i.e. unusable par
world active frozen vessels number vessels the number of frozen vedsehat are actively fishing in a tirrstep
world active fresh vessels number vessels the number of fresh vessels that are actively fishing in a-titap
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Table4.2: Assumptiors made in the first model prototype and reasons why they were or had to be made.

Assumptions

Why

10

11

12

Frozen and fresh fish weight can be used as a currency i
the model rather than money

There is no storage of fish (either fresh or frozen) by any
agent between time stepdi.e. If vessels cotained excess
fish beyond company demand, fish was effectively lost
sincevessel fish stocks were reset to zero at every time
step.

Vessels fill their capacity between 50 and 100% each
month,

TAC and % quotare the only explicit limiting factoson
quantity of fish @aught, while other vagaries of fishing e.g.
catchability, interaction between fuel price and distance t
trawling grounds are ignored.

Fishing trips can be summed on a monthly basis,

Companies catch their quota uniformly throughout the
year and evenly between vessels (i.e. quota weight is
divided evenly among 12 months and vessels)

All vessels are active at all time steps

Numbers for fresh fish and freezer trawlers are an
accurate representation of the industry

Other fishing sectors of hake (e.g. longline or inshore
trawl) have no effect on the fishing fleet, companies or
clients in the model

A single average agent will represent the behaviour of all
agents of the same breed

Quantities of frozen product purchased by clients
(international figures) represents product that was sea
frozen and not product that was caught onet-fish vessels
and later landfrozen

Countries are a good proxy for clients; individual contraci
between fishing companies and client companies are not
relevant

Only fish is used asmodel currencys this was the simplest
functional and meaningful prototype that could be produced. Fish
can still be transferred and transactions can be measured as frest
frozen fish volume.

Storage would complicate the prototype making it difficult to analy
trends and conduct sensitivity analyses. In the reaild fish is sold
relatively quickly, so storage by companies can be assumed to be
negligible.

Based on the qualitative data from interviews that most companie
drive captains to come back Wwifull vessels at every fishing trip.
reality vessels would be as close to full as possible, but the rando
draw helps to simulate some of the vagaries of fishing that change
CPUE cause. Additionally, companies indicated that they catch th
entire quota in a year as far as possible, thus later versions of the
model will need to closer approach this reality and incorporate
changes in CPUE in the monetary cost of fishing.

This follows the prototyping approach of building the simplest
prototype first. Industry indicated that TAC and quota &érne single
biggest limiting factors that they also had no control over. Thus it
essential to capture these in the first prototype.

This simplifies the timstep of the model. The time step was sebstt
to be compatible with OSMOSE ecosystem model to facilitate the
possibility of future coupling. TradeMap data and DAFF data are
easily available at the month levéh reality fishing trip length and
turnaround time between trips differs by vessel typerd companies

In reality companies indicated that they tried to spread their catch
evenly throughout the year to ensure constant fish supply to clients
and keep employees in work.

This is simplified from reality in such a way that vessel function is
achieved, keeping the prototype as simple as possibledlity not
all vessels are active at all times, leading to vessel decommission
through time.

It was seen as essential to split fresh and frozen fish atvaldef
the industry to answer the questions.

In reality this is not true, but since offshore trawling accounts for 8
of the catch and the other sectors were less active in recent years
meant the majority of industry could be captured with only data or
the major sector.

This allowe companies with similar behaviour to be aggregated as
single agents, allowing sensitivity analysis and monitoring of mode
function to be easier.

In reality some of fresh product may later be frozen, but it is
impossible to make reliable estimates. It is therefore better to split
fresh and frozen throughout the model.

In reality contracts are very important for companies. But given thi
most of these contracts are over the long term, grossoetgowere
assumed to be a proxy for all companies within one country.
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Table 4.2 continued

Assumptions Why

Offal and other waste has recently been reported to be taken
back to shore and turned into white fish menthich is sold. This
accounts only a small proportion of the fish caught. This fish
meal market is also a side market and does not bear any maj
weight in terms of income in relation to hake exports. It is alst
difficult to identify any fixed quantitativestimates for revenue
or volumes, although both are said to be small. It is therefore
ignored for the purposes of the model.

13 Fish meal is ignored in the model.

Numbers of vessels, quantity of rights and processing
efficiencies were aggregated for the real world companies fro
the same class and represented by a single agent. Real worls
companies from the different agent dses behaved similarly
and had similar attributes, making it possible to group them.

Company agents were assumed to represent the
combined real world companies that fell into the
classes small, medium, large ouper-cluster, as
defined in Chapter 2.

14

In the real world specific companies do business with other
companies with whom they have contracts in sfieaountries.
However, countries instead of companies that buy SA hake a
Individual countries bought from the companies at represented in the model to sum exports. It is therefore
random. assumed that having countries buy from companies at randol
will balance out. This assumption is necessary, because
companyspecific data on clients and contraetee confidential,
while export data at the country level can easily be accessed

15

2.4. Model implementation

Theagentbased modeHakeSim1.0was implemented in Netlogo v5.0.1. Companies read the demand of
clients (i.e.the model input)to determine whether there was demanfdr fresh and frozen fish. They

then Wxecutedd 0 A ® S ® fréeieddnit/ob verfish Ressels to fishas appropriateOnce vessels had
fished companies took fish from vessels to satisfy theirsfreand frozen demand. Companies then
processed fish which was either fresh or frozen, according to their processing effiCidéecgocesing
efficiency was based on an aggregate conversion factor for fresh and frozen fish types calculated from
the DAFFanversionfactors (Table.2) and base@n information obtained from qualitative stakeholder

data on the typical products that the different company types produdestimated conversion values

are given inTable4.3 (the inverse valueepresents conversiofrom wholemassto processed product).

First producimix specific conversion factor valuegre calculated for every company by weighting the

individual conversion factors of the different typespybducts [able 3.2) aarding tothe percentage
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of thoseproduct types that companies sold. Since model agents repredesgveral small, medium, or
large companies, the final processing conversion factor values given in & abere based on the
productmix specific conversion factors averaged for all smadglium or large companies based on the
aATS 2F (K2a$8 O02YLI yASEaQ NAIKGEA &AKIFNBaod

There were a total of 50 vessels in the model, as described above. They have a set maximum monthly

storagecapacity (i.etonnagethat they can catchgalculated as:

((% quda of agent*TAC/12)/number of vessels owned by parent company cluster)... 4.1)

Vesselagens were owned by and therefore linked to specidmmpanyagents throughout the entire

model run. They were all executed to fish by their respectommpany)agents at each time step, in

I OO2NRIyOS 6AGK Of ASyild RSYHWZWREKAGHRDKOSKI| @32a8d0 o KS
random (stochastic) draw (between 50 and 100%) of their maximum mostbipgecapacity for fish

(tons); the resulting madomly drawn percentage represented vessel fullndagezer trawlerdanded

their catch adrozen fish and wt-fish trawlers Yandedunfrozen(i.e. fresh)fish. They then transferred

the FAAK (2 UGKSANI LI NByid O2YLI yA&uEelin drdér toirfedt th®2 Y LI y &
fresh/frozen demand of parent companies. If vessels contained excess fish beyond company demand,

fish was effectively lost agessel fish stocks were reset to zero at every time gtep there was no

storage of fish by vessads companies between timsteps)

/I tASyld |3Syida 6SNBE | OGAGFGSR Ay | inhike yhéedel Onc& NRS NJ
activated, theyread their respective modelinputs of (hake) demand and proportion of frozen fish

demanded andandomlyseleced a company agerftom which to collect fishThe selected company

agent then transferred fresh and/or frozen fish to thespectiveclient agent to satisfy its demarfor

fresh and frozen fishVhere necessary, the client agent continued to select comiEgents at random

until its demand was satisfied or no company agents had any fish left to transfer.

To summarisewith the aim to adhere to international best practidbee model wa builtviaabstracton
of the real world system, ifine with the objetives and question set outand createda simplified

representation of the real worldGilbert and Terna, 20Q0Starfield and Jarre, 20} 1using the
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gualitative and quantitative datdescribed in Chapte@dand 3 andstakeholder and expert consultation,

to guide parameterization and development

The model behaviouwas then calibrated with&alidated againsiobservations in the real world to
improve/determinethe quality ofthe model output relative to its objectivegGilbert and Terna, 2000
Farmer and Foley, 200%tarfield and Jarre, 20L1Models were analysed, tested sensitivity and
robustness analysg§rimm and Railsback, 200%nd used to draw some conclusions about the system
they were inestigating Theyattempted to best answer the research question through hypothesis

testing.

Table4.3: Conversion factors for small, medium and large clusters based on DAFF conversion factors that were
weighted according toconfidential, qualitative information companies provided on their product mix and the

relative size of company rights. The value for small clusters can equally be applied to the slyser.

conversion factor inverse

Small 1.46 0.68
Medium 1.81 0.55
Large 1.68 0.60
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3. Resuls and Discussion

3.1. Model testing

Throughout development of the modelesting of varying inputs and examining outputs and model
behaviour was constantly carried out, as was debuggiagach new procedure was addéttocedures
were tested individually and ayent monitors and plots were checked. Basic procedures were also

replicated inMicrosoft Excel to verify the outputs of each procedure at the agent level.

Once the model prototype was fully functional and all procedures were coded ddsioctestingwas
carried outto ascertain that the model was running. This involved using extreme values as an input to
the basic model interface, such as making countries hmare or extremely high values of demand,
creating situations where there would be all frozenall fresh fish in the model to determine whether

any erratic behaviour could be observed. This in essence involved debugging.

Following this a full sensitivity analysis was carried out to determine whether any erroneous behaviour

remained in the model.

3.2. Sensitivity analysis

First, in order to optimize time and computer power, the optimum number of model runs, i.e. the
minimum number of runs that would sufficiently capture the variation of outputs, was determined. To
achieve this 100, 200, 500, 1000 &2@00 replicate model runs were performed for each of the major
input variables TAG domestic and Spanish demand for fishptesticand Spanisiproportion of frozen

fish, large company cluster fresh and frozen processing efficiencies, and quotas ofrladijem and

small clusters and the supefuster) for a normal, zero and double normal input val@eth the
coefficient of variation (CV) and the standard deviation (SD) were calculated for each corresponding
output. These were assessed to determine atickhnumber of model runs the CV and SD of outputs
stabilized. It was found that CV and SD of all outputs at 100 runs sufficiently captured the variation (CV
and SD), for input variable values testélhble4.4). Therefore for all subsequent model testinget
standard of 100 replicate runs was used as the optimommber of replicate rundn relation to

computing time and stable outputs
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Table4.4: The standard deviatio{StdDev)and coefficient of variation(CV)of all model outputs for standard if italicg andlow and highextreme domestic
demandinputs, for different numbers of replicatenodel runs. Outputs do not differ significantly between different numbers of replicate runs.
StdDev of StdDev of StdDev of StdDevof StdDevof StdDevof StdDevof StdDevof StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDevof StdDevof StdDevof StdDevof StdDev of

domestic world_fres world_froz world_all_ world_fres world_froz world_sto world_fres world_froz world_all_ world_froz StdDev of world_clie world_froz world_fres world_all_ world_froz world_fres world_all_ world_acti world_acti
number demand h_fish_cau en_fish_ce fish_caugh h_stock_pr en_stock_ ck_proces: h_fish_was en_fish_w fish_waste en_deman world_fres nt_deman en_fish_bo h_fish_bou fish_bough en_fish_un h_fish_uns fish_unsol ve_frozen_ve_fresh_v

of runs (tons) ght ught t ocessed processed ed ted asted d d h_demand d ught ght t sold old d vessels  essels
100 0 333.75 379.81 711.20 176.56 308.97 484.13 157.19 70.97 227.24 2860.59 1260.90 4121.49 308.97 176.56 484.13 0.00 0.00 0.00 3.08 1.45
200 0 333.38 379.58 710.62 176.37 308.76 483.74 157.02 70.95 227.05 2860.53 1260.88 4121.40 308.76 176.37 483.74 0.00 0.00 0.00 3.08 1.45
500 0 333.12 379.52 710.31 176.23 308.74 483.58 156.89 70.92 226.90 2860.49 1260.86 4121.35 308.74 176.23  483.58 0.00 0.00 0.00 3.08 1.45
1000 0 333.23 379.62 71052 176.29 308.80 483.71 156.94 70.95 226.98 2860.48 1260.86 4121.34 308.80 176.29  483.71 0.00 0.00 0.00 3.08 1.45
2000 0 333.03 379.46 710.16 176.18 308.68 483.48 156.85 70.91 226.86 2860.47 1260.85 4121.33 308.68 176.18 483.48 0.00 0.00 0.00 3.08 1.45
100 15174 333.11 37957 71035 176.22 308.76 483.60 156.89 70.94  226.92 4165.69 1329.59 5495.29 308.76 176.22  483.60 0.00 0.00 0.00 3.08 1.45
200 15174 333.34 37948 71046 176.34 308.70 483.64 157.00 7091  226.99 4165.61 1329.57 5495.17 308.70 176.34  483.64 0.00 0.00 0.00 3.08 1.45
500 15174 333.07 37955 710.30 176.21 308.75 483.58 156.87 70.93 226.89 4165.56 1329.55 5495.11 308.75 176.21  483.58 0.00 0.00 0.00 3.08 1.45
1000 15174 333.04 37942 710.13 176.18 308.64 48345 156.85 7091 226.85 4165.54 1329.54 5495.08 308.64 176.18 483.45 0.00 0.00 0.00 3.08 1.45
2000 15174 333.39 379.75 710.80 176.37 308.92 483.90 157.02 70.96  227.07 4165.53 1329.54 5495.07 308.92 176.37  483.90 0.00 0.00 0.00 3.08 1.45
100 30348 333.57 380.40 711.64 176.46 309.44 48452 157.11 71.09 227.28 5470.80 1398.28 6869.09 309.44 176.46  484.52 0.00 0.00 0.00 3.08 1.45
200 30348 332.71 379.07 709.43 176.01 308.36 482.98 156.70 70.84  226.62 5470.69 1398.25 6868.94 308.36 176.01  482.98 0.00 0.00 0.00 3.08 1.45
500 30348 333.66 379.88 711.21 176.51 309.02 484.16 157.14 70.99 227.22 5470.62 1398.24 6868.86 309.02 176.51 484.16 0.00 0.00 0.00 3.08 1.45
1000 30348 333.12 379.58 710.37 176.23 308.77 483.62 156.89 70.94 226.92 5470.60 1398.23 6868.83 308.77 176.23  483.62 0.00 0.00 0.00 3.08 1.45
2000 30348 33290 379.26 709.83 176.11 308.51 483.24 156.79 70.88 226.75 5470.59 1398.23 6868.82 308.51 176.11 483.24 0.00 0.00 0.00 3.08 1.45

CV of CV of CV of CV of CV of CV of CV of CV of CV of CV of CV of CV of CV of CV of CV of CV of CV of CV of CV of

domestic world_fres world_froz world_all_ world_fres world_froz world_sto world_fres world_froz world_all_ world_froz  CV of world_clie world_froz world_fres world_all_ world_froz world_fres world_all_ world_acti world_acti
number demand h_fish_cau en_fish_ce fish_caugh h_stock_pr en_stock_ ck_proces: h_fish_was en_fish_w fish_waste en_deman world_fres nt_deman en_fish_bo h_fish_bou fish_bough en_fish_un h_fish_uns fish_unsol ve_frozen_ve_fresh_v

of runs (tons) ght ught t ocessed processed ed ted asted d d h_demand d ught ght t sold old d vessels  essels
100 0 0.11 0.10 0.10 0.11 0.10 0.10 0.10 0.10 0.10 0.09 0.09 0.09 0.10 0.11 0.10 - - - 0.09 0.09
200 0 0.11 0.10 0.10 0.11 0.10 0.10 0.10 0.10 0.10 0.09 0.09 0.09 0.10 0.11 0.10 - - - 0.09 0.09
500 0 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.09 0.09 0.09 0.10 0.10 0.10 - - - 0.09 0.09
1000 0 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.09 0.09 0.09 0.10 0.10 0.10 - - - 0.09 0.09
2000 0 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.09 0.09 0.09 0.10 0.10 0.10 - - - 0.09 0.09
100 15174 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.09 0.09 0.09 0.10 0.10 0.10 - - - 0.09 0.09
200 15174 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.09 0.09 0.09 0.10 0.10 0.10 - - - 0.09 0.09
500 15174 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.09 0.09 0.09 0.10 0.10 0.10 - - - 0.09 0.09
1000 15174 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.09 0.09 0.09 0.10 0.10 0.10 - - - 0.09 0.09
2000 15174 0.10 0.10 0.10 0.11 0.10 0.10 0.10 0.10 0.10 0.09 0.09 0.09 0.10 0.11 0.10 - - - 0.09 0.09
100 30348 0.11 0.10 0.10 0.11 0.10 0.10 0.11 0.10 0.10 0.09 0.09 0.09 0.10 0.11 0.10 - - - 0.09 0.09
200 30348 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.09 0.09 0.09 0.10 0.10 0.10 - - - 0.09 0.09
500 30348 0.11 0.10 0.10 0.11 0.10 0.10 0.10 0.10 0.10 0.09 0.09 0.09 0.10 0.11 0.10 - - - 0.09 0.09
1000 30348 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.09 0.09 0.09 0.10 0.10 0.10 - - - 0.09 0.09
2000 30348 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.09 0.09 0.09 0.10 0.10 0.10 - - - 0.09 0.09
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Subsequently, a thorough sensitivity analysis was conducted, where iagtables were
manipulated one by one to assess their effects on output. For each input variable in the model a
range of different values was used and the changes in all model outputs were assessed relative to a
standard run, i.e. a run where average \edwbserved in the real world were used for all input
variables. This was done by assessing the % change in each output relative to the % change in the
input (averaged over 100 replicate runs) from the average standard wirich is used as a
benchmark That is, for example, if one input variable was increased by 50% from the input value
used in the standard run followsthat correspondingputputs from the test model runs shouldave
increasel by 50% from standardat least for TAC, which can then be diss a benchmark to assess

the relative sensitivity of the model to other variabldhus the ratio of a test run output relative to

the standard run output scaled according to the variation in input would be 1. Any ratio less than 1
would indicate that tle output deviated less and the model was not very sensitive to changes in that
particular input variable. Any ratio greater than 1 would mean that the model was more sensitive to
that particular input variable (see Figu4e3). This ratio of actual changelative to predicted change

in output was measured for every output variable for every single input variable at valu£8086

(i.e. 0),-50%, (i.e. halfy;30%,-20%,-10%, +10%, +20%, +30%, +50% and +100% (i.e. double) of the
standard run input valueThe exception to this was values that were ratios, i.e. processing efficiency
FYR FNBISYy NBfFGIAGBS (2 FTNBaK FTAakK Nridizo ¢KSas
within the bounds of 0 as minimum and 1 as maximum. Additionally quota (bpopion of rights)

inputs were varied by increasing or decreasing the quota of one company and decreasing or
AYONBI aAy3 20K SiNpropoztivhlidltheik éveérage dprdaduiidn to total quota, such

that the sum of all companies quoteas alwaysl (i.e. all rights sum to 100%8ee Appendix 4 for

details of all inputsisedfor sensitivity analyses, including for company quota.

From Tablet.5 it is apparent that the majority of model outputsere sensitive to total allowable

catch. This is unsurgiing given that all of the output variables sensitive to this are measures of fish

at some stage in the processing line and the quantity of fish available at each stage is based
exclusively on the amount of fish that arrives into the market from fishirg) thie quantity of fish

caught is determined by TAC. Model outputs measuring demand were not driven by TAC, which
follows since demand is calculated independently of TAC in the model. In the real world companies
identified TAC as an important limiting facton their operations, since they could not catch more

fish than TAC allowed regardless of demand and had no power to change or influence TAC. As such,

its role as a primary driver of the model is realistic and acceptable.

108 Page



Standard Run Standard RurDutcome

1

Input X valuex Output Yvalue:y Measurerelative % deviation othe
actual outputfrom predicted value !

___________________________ 1

Sensitivity TesRun PredictedTest Run Percerage deviation of actual outputi

Outcome

sensitive than predicted) N/A

Input X value: [~ ’i Output Y value i Tom predu_:ted_ oo , i
X+ 50% = 1.5x i o ] Percentage by which input varied fron
S yromhs s T4 standard run i

| : 2 o2+100 :

i 50° !

Actual Test Run Outcome i ;

Output Y Valu@ ot e e e s e = s ot e s o =t e -

E_._._._._._._._._._._._._._._. ................................................... .

! How the values of the ratio were B8 o 0.001 relatively insensitive i

1 H . .

; interpreted: >0.001-0.49  minimally sensitive !

' If Q = Z then the ratio = 1 - " :

! Q= aET >0.49-0.99 slightly sensitive i

: Q<2 the.n ratio < 1 >0.99-1.49 sensitive :

i If Q > Z then ratio > 1 (i.e. more - >149 extremely sensitive :

i i

i i

Figure4.3: Flowchart of the calculation of theesults of the sensitivity analysign the form of sensitivity
ratios. In this example a percentage deviation of 50% from the standard run is given, but these percentage
deviations in input from the standard run ranged fror100% to +100% (i.e. that is from O to double) in the
actual sendivity analysis.”The value 50 is used since the percentage variation of input from standard was
50 in this example.
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Table4.5: The input variables that were varied and the sensitivity of the resulting outputs. The maximum

sensitivity for each variablewas reported and can be checked against the key.

Ave. Ave. Ave. Ave. Ave. Ave. Ave.
world_fres world_froz Ave. world_fres world_froz world_stoc world_fres world_froz Ave.
h_fish_cau en_fish_ca world_all_f h_stock_pr en_stock_p k_processe h_fish_was en_fish_w world_all_f
Input variable ght ught ish_caught ocessed rocessed d ted asted  ish_wasted

TAC

Australia demand
Domestic demand
France demand
Germany demand

Italy demand
Netherlands demand
Other demand

Portugal demand

Spain demand

UK demand

USA demand

Australia prop frozen
Domestic prop frozen
France prop frozen
Germany prop frozen
Italy prop frozen
Netherlands prop frozen
Other prop frozen
Portugal prop frozen
Spain prop frozen

UK prop frozen

USA prop frozen

Large frozen efficiency
Medium frozen efficiency
Small frozen efficiency
Super-cluster frozen efficiency
Large fresh efficiency
Medium fresh efficiency
Small fresh efficiency

Super-Cluster fresh efficiency
large company quota high 0.758 0.627 0.688 0.762 0.643 0.686 0.753 0.558 0.691
large company quota low 0.796 0.504 0.639 0.800 0.547 0.638 0.793 0.316 0.642
large company quota medium
medium company quota high
medium company quota low
medium company quota medium
small company quota high

small company quota low

small company quota medium
super-cluster quota high

super-cluster quota low

super-cluster quota medium

110| Page



Table4.5 continued

Input variable

TAC

Australia demand
Domestic demand

France demand

Germany demand

Italy demand
Netherlands demand
Other demand

Portugal demand

Spain demand

UK demand

USA demand

Australia prop frozen
Domestic prop frozen
France prop frozen
Germany prop frozen
Italy prop frozen
Netherlands prop frozen
Other prop frozen
Portugal prop frozen
Spain prop frozen

UK prop frozen

USA prop frozen

Large frozen efficiency
Medium frozen efficiency
Small frozen efficiency
Super-cluster frozen efficiency
Large fresh efficiency
Medium fresh efficiency
Small fresh efficiency
Super-Cluster fresh efficiency
large company guota high

large company quota low

large c y quota v

medium company quota high
medium company quota low
medium company quota medium
small company quota high

small company quota low

small company quota medium
super-cluster quota high

super-cluster quota low

super-cluster quota medium

0-0.001
0.001- 0.49
0.49-0.99
0.99-1.49
1.49 or more

N/A

Ave. Ave. Ave.
world_clie world_froz world_fres

Ave.

world_froz Ave.

Ave.

Ave. Ave.
world_acti world_acti

en_deman world_fres nt_deman en_fish_bo h_fish_bou world_all_f ve_frozen_ ve_fresh_v

d h_demand d ught ght

0.643 0.762

0.547

0.800

relatively insensitive

minor sensitivity (less than predicted)
slightly sensitive (less than predicted)
sensitive (as or slightly more than predicted)

extremely sensitive

ish_bought

vessels essels
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For the most part model outputs were relatively insensitive or minimally sensitive to changes in
demand. The exception to this was a slight sensitivity of average world freshydBmaii 2 { LI A y Q
demand. For changes in proportion of frozen fish purchased by country, model outputs were all
relatively insensitive or minimally sensitive, apart from a two instances: average world fresh fish
demanded was slightly sensitive to proportionfafzen fish purchased by the domestic and Spanish

markets. It is unsurprising that Spain and the domestic market had a large effect on model outputs

since these are the twdargest clients (Chapter 3) and therefohave the largest effect on fish

purchasea in the entire model world.

The processing efficiency of frozen fish by ldrge company cluster appeared to be important for a
number of outputs. Average (monthly) world stock of processed frozen fish and of fish in general
(held by companies), and aagje world stock of frozen and all fish bought were slightly sensitive to
this input variable, while the average value of world fish wasted was sensitive and world frozen fish
wasted was extremely sensitive to this input. Other output variables were velgtinsensitive or
minimally sensitive to it. This was unsurprising since the quantity of processed fish produced from
fish that were caught and the resulting quantity of waste is contingent upon the processing
efficiency. On the contrary, all outputs veerelatively insensitive or minimally sensitive to the
processing efficiency of frozen fish of small, medium and safsters, with the exception of the
average world fish wasted output which was slightly sensitive to the frozen processing efficiency of
the medium company cluster. The reason for this is that the large company cluster constitutes more
than 50% of fish production and it therefore has the largest single influence on processing of fish.
This is followed by the medium company cluster that cimttes 22.5% and therefore has some
influence, while the other clusters are alone quite small and therefore have very little influence on

their own.

Companies processing efficiency of fresh fish proved to be largely unimportant, with only the
average wod stock of fresh, processed fish, of fish wasted and fresh fish bought being slightly
sensitive, and average world fresh fish wasted being sensitive to the fresh processing efficiency of
the large company cluster. Again this is unsurprising since the ityajoir the world stock of
processed fish is made up of frozen fish (most client countries demand a higher proportion of frozen
fish on average, i.e. proportion frozen much greater than 0.5 on average) and therefore changing the

processing efficiency of fe& fish is likely to have less of an effect on world processed fish stocks and
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only really influence the fresh product line. The large cluster is the one that deals predominantly

with fresh fish, while the small clusters and suptrster are exclusivelydzenfish-oriented.

Most output variables were slightly sensitive, sensitive or extremely sensitive to changes in large
company cluster quota. Only world demands for fish, fish unsold and the average number of vessels
were relatively insensitive to largeompany cluster quota. On the other hand, model outputs

seemed relatively insensitive or minimally sensitive to changes in medium, small and the super

Of dZAGSNRE ljdz2ilFad LG GKSNBF2NE Iweddghifdant inithel & OKI
model world. Given that large companies held the largest share of the quota it is not entirely
unexpected However, it is interesting that changes in the smaller clusters had no real effect. This
would have implications for the model system should large comgaluster) quota be divided up

amongst other company clusters.

3.3. Reality checking

To test whether the model was really performing as expected and did not have any significant bugs
or erroneous behaviour aumber of basic scenarios were run (see Appeddibables A4.81.10, for

details of model inpufs These were based on real world values (Appe#dikables A4.1 and A4,2

and were run to see whether the model produced similar patterns to those observed in the real
world. As happened in reality, the qudtieés of fresh and frozen hake demanded by different
countries were left fixed but the demand of the largest importer (Spain) was changed over time from
fresh to frozen, and the converse hypothetical scenario of a switch to all fresh fish was also
examined as well as some other variations. The effectdhaise change were measured at the
system level. Similarhspanish overall demand was varied while the proportions of fresh to frozen
fish werevaried through time Finally scenarios of changes iAT wee examined For all scenarios

the realistic increase or decrease scenarios were based on the true range of values (i.e. min and
max) for the period 2004/§ 2011 for proportions of frozen fish and demand for all fish, and 2003
2013 for TAC.

In all case the model was run 100 times using the BehaviorSpace functidiethfogo 5.0.1The
output values were recorded at every time step. For each scenario the averages of the 100 runs

were calculated and are presented in Figudesg 4.6.
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For all scenarios (Figwed.4 ¢ 4.6) the outputs responded as would be expected from the inputs
given. This indicates that the modisl performing as expected argbes not have any significant
bugs or errorsHowever, it also indicates that this prototype version of the model is lacking in
interesting emergent behaviour and that its behaviour is largely imposed. There arentiro
conclusions that can be drawn frothis: i) the first prototype of the modehas beensoundly built,

does not contain any significant errors or problems and, therefore, provides an excellent and solid
foundation for building future prototypes upon, arijl that this version of the model griires some
major changes through the prototyping approach to provide more meaningful and realistic

behaviours and outputs.

4. Summary
4.1. Summary of model results

To summarise the first model prototype was successfully developed in Netlogo 5.0.1 and was found
to be fully functional and free of significant errors and problems. The prototype was found to be
sensitive to TAC and large company quota, but relatively insensitive or only slightly sensitive to many
of the inputs. There was not a great deal of stoch#@stimtroducedin the model, since the only
random proceluresin this version of the modedere fishing which used a random draw procedure
and client purchasing which used a random draw of compdetity numbers As such, there was

not much variabilityni the results Sensitivity analyses and testing of the model revealed that it was
quite predictable, since the structure for this prototype walso largely imposed. A number of
strong assumptions were also made in this version. This indicated that ther® avneed for
development of a more realistic model prototype and that this development could follow the
prototyping approach recommended (8tarfield and Jarre (20),1becausehe first prototype was
soundly built and its overall structure was sufficiently realistic. In the next prototype the area that

needs to be incrementally improved is the behaviour of agents and, therefore, the model.

4.2. Further developments in the modellingrocess

A quick glance back at Figu4el will point out that itwas not possible to capture all of threal

world drivers in the model in this prototypéut these factors do represent possible future areas for
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further model development and testingviore of these drivers could be explicitly represented

through an improvement of model behaviour.

One possible way to include more drivers is to change the way that vessels operate, allowing more
vessellevel drivers, such as running costs, to be includedu(€ig.1). In order to do this though,
vessels might need to operate in a more realistic fashion. At present vessels execute a fishing
behaviour at the command of companies; all vessgtsexecutad in all time steps (barring that

there is a demand for frdsor frozen fish) and the only difference between vessels is whether they
transferfresh or frozerhake to companiedn the real world not all vessels are active all of the time,
and there has been a trenaf declining vessahumbers through timedee Chpter 2). Vesselslso

vary, for example, in the volume of fighat they can hold, the days at sea for a single trip (i.e.
number of trips per month), fuel consumption and therefore running caatsl their age. Thus the
assumption that vessels are useduatly both in terms of time and to capture quota could have
significant effect on the way thdish volumes are incorporated into the mod@&iven that TAC and
guota were two of the factors that most influenced the model and that the way these two Vesiab
2LISNI GS Aa OGKNRAAK (KS WTFAAKAYIQ 0BhkthefthadgisNd 2 F

in the way vessels function in the modélects the overall model functioning.

The way forward is therefore first to conduct an assumption aiglysassumptions 6 and 7 (Table
4.1) ¢ that all vessels are active at all times steps and that companies divide their quota evenly
between all vesselg and thereby indirectly allow assumptionsaBd 8to also be tested. This will
therefore form the focuof the nextchapter. The next interesting question that could be addressed
following this would be to address assumptio that money is not involved in the transfer of fish.
Since TAC and quota have been so important to the first version of the modethase were
suggested as being particularly important drivers during industry consultation (CHgptieiseems
reasonable to assume that the other drivers such as fuel price, exchange rate and international

market value for white fish thatonsultationalso indicated as being particularly importanteed

ared2® Ly 2NRSNJ G2 0SS lotS G2 laasSaa GKAa | Oltdz f

¥ A &ucéncie¥’, needs to be introduced to the model. Since much of the financial equations,

D
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agents or entities in the model and is not currency in the monetary sense. Irettsion of the model the only

model currency is hake (measured in tons), butHiakeSim 3.0 y | RRAGA 2y f WOdzZNNBy Oé Q

actual money (Rands and Euros), see Chapter 6.
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particularly related to cost, operate through vessel running cost this can only be done once the

optimum structure and behaviour of vessels is determined through the vessel assumption analysis.

In conclusion, the prototyping approach 8farfield and Jarre (201implemented in the building
and thorough testing of this first prototype has been an extremely useful exercise and has provided
a solid model foundation upon which to idi and a clear direction for subsequent model

development.
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Chapter 5: Th@assumptionanalysis

1. Introduction

Vessel numbers have been decreasing in the offshore trawl industry through time. This reduction in
fleet sizehas become more apparent since the onset of long term rights (LTR) in 2006. After the
introduction of LTR an initiative to reduce effort creep was undertaken by the industry itself. In 2008
the trawling industrial bodies (including the offshorawling industry association SADS¢TI8outh
African Deep Sea Trawling Industry Association) together with Marine and Coastal Manadement
introduced a supplementary input control (vessel effort limitation) to the existing total allowable
catch output contol (Powerset al,, 2010Q. Consultation with industry further suggested that through
time the most efficient vessels were more commonly usEdeless efficient vessels weresedless

often to harvestthe surplus catchand ensure that theallocated fishing quota was used. This
occured, for examplejn years where total allowable cat¢@AC)vas highor in years wherecatch

per unit effort (CPUEWas lowpossibly becauséish stocks weredepressed When vessels were
infrequently used and represented an unjustified (maintenance} tmshe company they were
retired. With the effort limitations imposed in 2008, the incentive to reduce excess capacity

increased and more vessels were retired.

What this means is that i) not dikhingvessels are active all of the time, and ii) somessels are
usedin preference toothers. It also means, by implication, ththe fleet sizeof companies and the
industry is not fixed. Furthermore, CPUIE a particular yearepresens how much effort vessels
have to exert to catch a given quantity asHi(i.e. it is the quantity of fish caught per unit time &y
vessel) In other words, from a single CPUE it is possiblestomatefor a given level of effort by a
given vessel, the quantity of fish caught and consequently how full a vessel will bisbing trip.

By extension, CPUfan be used to calculathe number ofvesselghat need to be active to catch a
02 Y LJ y & tnha giliedzeeiiot of timeAdditionally,in the real worldthe quantity of fish caught

in a given time(and therefore theCPUE) isndirectly affected by environmental stochasticity
Although much literature on the effects of environmental stochasticity or variability on hake and
similar species exists internationally, in South Africa an ecosystem risk assedSR@&ptroces that
involved relevant stakeholders found that there was uncertainty relating to natural mortality and

variability in recruitment in haké\elet al., 2007. This was again highlightea the follow up to this

* Marine and Coastal Management no longer exists and management of éishiesis passed to the South
African Department of Agriculture, Forestry and Fisheries (DAFF).

121| Page



ERA procesas an important area to improv@Petersenet al, 2010. As such, e exact way that
environmentalvariability affects hakgM. capensisaand paradoxu$ catchis not well understoogdfor

the South African fishenBut it carbe viewed asdding tohake recruitmentstochasticity that filters

through tothe quantity of hake that is available to lmaught. These real world obseriats were

temporarily ignored by making a series sifong assumptions in the first prototype of the model

(Chapter 4. It was necessary to havauilt this simple prototype to fully understand and test the

model function before adding further complexityK m & KSt LJSR G2 | @2AR | Wof

versionthat was complex but not well understood.

With a weltunderstood and fully testedirst model versionits assumptions can bacrementally
relaxed to test their effects and increase the level of iszalin the modelAs such, lte next step in

model development iso determine whether the use of i) a fixed fleet sidga preferential ranking
system for vessel usage and iii) CPUE along with environmental stochasticity determining vessel
catch, affectthe model in such a way as to produce more realistic behaviour and outcdredo

this an assumption analysis is to be carried out in thigpter that tests the effects of relaxing

assumptions3, 6, 7 and §rom Table 4.1

Assumptionsare createdwhenever something is omitted when creating a simplified, purpbaiit

model of the real worldStarfield and Jarre, 20L1There are two kinds of assumptions: core or
behavioural assumptions vith are about the main causes proposed by a theory and concern the
behaviour of an individual entifyand peripheral assumptionsvhich are about minor causes of the
process or system being studied and these include heuristic and negligibility assum(h#oms
2010. The importance of an assumptiois determined by thecategoryinto which it falls (Lam,
2010. Core behavioural assumptions for example often underpin the mechanistic explanations of a

modelandit isthereforeimportant to test them(Tsang, 2006

Assumpion analyses should be an important part of model developm@etletier and Mahévas
(2009 state that modeldor policy-related applicatios shouldbe designed to allow for thiclusion

of various combinations of policy designs, parameter values and model assumptions to ensure that
the models are not overly dependent on any parameter value or model assumption. A sound desig
and thorough sensitivity analysis cover the first two points, but an assumption analysis is essential to

ensure that model behaviour is not overly dependent on ang assumption. Assumption testing or
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analysis can involve examining whether observatisom the real world arecommensuratewith

the assumptions madér'sang, 2006 Starfield and Jarre (20)&xplain that a thorough assumption

analysis is as importarts a sensitivity analysis and should involve testing key assumptions through

making basic modifications to the model to determine how each assumption might affect the
Y2RSftaQ NBadzZ Gasd ¢¢62 0O02YY2y oL ea 27F O Sdtistiday I | & ac
evidence is gathered for the mediating process that involves the assumptions, and direct inquiry,

where qualitative or quantitative data obtained for the real wodte used to initially inspect the

realism of the behavioural assumptigibam, 201

In order to carry out the assumption analyses on tHakeSinmodel and test the effect of relaxing
some of the assumptions made in the first prototype, a few incrementally complex versions of the
modelare built. In the first model versioto betested in this bapter, the effect on model behaviour

of relaxing theassumption that the number of vessetempanies ownis fixed is examinedby
testing model behaviour/outputs with different vessel numbefise. different company fleet

compositions) as inputs.

Next,dza Ay3 @SaasSft ydzyoSNE NBLINBaSydalrdAaAgdS 2F AyRdzl
fleet compositions, the effect of relaxing the assumption that all vessels are actwettime step

and that quota is evenly divided amongst vessels will béetesThis will be achieved through
building a model in whiclot all vessels operate at all time steps and, thus, in which quota is
unequally distributed according to the vessels randomly selected to catch the allowance of fish.
Vessels will be chosen bygrapany agents in the model according toaak that israndomly assigned

in the model initialization This idea is based on the fact that in the real world companies, in the
event of having a sufficiently large fleet, would send out more efficient vesseleference to less
efficient vessels. Over time less efficient vessels that are used less would be retired, where excess
capacity exists. These vessels would only be replaced in the event of a need for additional capacity.
Therefore, in the second assition analysis prototype to be tested only sufficient vessels will be
used every month (timetep) so as to make up the quota of the company (divided by 12 months)
and the remainder of vessels will be left unused. Finally, the effect of relaxing the assurtat

vessels are 5@00% full each monttwill be examined through the introduction of CPUE and a proxy

for environmental uncertainty in hake recruitment and catchability 8techasticity of catching figh

which both determine the amount of fish tha vessel catches each month.
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The aim of thischapter is, therefore, to produce these new, incrementally complex model
prototypes and compare them with the previous simple model versimsgribed in Chaptet), in
order to determine whetheand how relaxing the assumption3, 6, 7 and 8nade in thatversion

would make a significant difference to the functioniaugd realisnof the model.

2. Methods

2.1. Theconceptualframework and design of the ew model prototypes

The conceptual framework and design of fledlowing model versions is exactly the same as that of
the first model versionHakeSim 1.0presented inChapter 4 barring the new modification® the

design described below (see also FighrE) and the conceptual reasoning behind these that was
adopted following observation of the real world, as outlined in the introduction. All prototypes of

the modelwere again implemented in Netlogo v5.0.1.

For the first assumption analysis, a second model prototype was built that tested the effect of
relaxing theassumption thatfleet size is fixedin this model prototype, nameHakeSim 2.1 Fleet
Flexibility Prototype additional inputs were included into the model that allowed the size and
O2YLRaAlA2YyY 2F SGSNE O2YLI ye | Inbyitorwere Bdd&iSas G 2
detailed in Table 5.1. Vessel numbers were set to be representative for the industry for 2012, and in
all cases dual vessels weneated as freezer trawlers. All other inputs, monitors, outputs and
assumptions made fadakeSim 1.@nd described in Chapter 4, includitigat all vessels were active

at all time steps, remained.

For the second assumption analyditakeSim 2.1vas further modified to simultaneously test the
relaxation of two assumptions (since one modification teeth both assumptions). These two
assumptionswere that i)companies catch quota (% of TAC) evenly among vesstl$) all vessels
are active at every time steffhrough the addition of new procedures to the model company agents
preferentially chose some vessels over others to fish based on a vesdethat was randomly
assigned duringhe model initialization. The ranking (i.e. order of vessela3 fixed for the entire
model run. Based on rank, each company incrementalyt out one vessel after another to fish,
starting with vessels ranked firstintil all quotawas caught, at which point thegeasedto send

vessels. Vesselsuld only catchfishup to a maximum storage capacity in each time step. This was
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Figure5.1: The development of HakeSimused in systematically testing theelaxation of assumptiors that
were made inHakeSim 1.0assumption8 is tested inHakeSim 2.Tollowed by6and7in 2.2and 3in 2.3.

arbitrarily set as per Tabl®.2, which differed from the previous model versionsvhere the
O 2 Y Ldtonfhdy @yéota divided bythe

number of vesselshat belonged to it(see Chapter 4nd equation 4.1 Therefore, in this model

maximum storage capacityof a vesselwas based ort

version, HakeSim 2.2 Preferential Vessel Usmth assumptions i) rad ii) were removedin an

attempt to create a more realistic structure for the model.

Finally, inHakeSim 2.3 Environmental Effecthe effect of relaxing the assumption thegssels are
arbitrarily between 50 and 100% full each morfile. assumptior3), was tested. Thisvas done
through the addition of CPUE arslochasticity of catching fiskoefficient (as a substitute for
environmental variability/uncertainty) input variables to the model interface and through changing
vessel maximum capacity to reft real vessel capacity averages (TahB. It was also achieved
through the addition of a new procedure to the model, which ultimately determinew full vessels
were (i.e. how much fish thegaugh) each month. To determine whiaf a selection of pssible
equatiors thatcalculate the quantity of fish that vessels catch each movdh to be useda number

of different equations and their effects on vessel catch were independently implemented and tested

in Microsoft Excel. In all cases the equatiomsluded three essential variables thatvere
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incorporated from the corresponding model inputs: the maximum vessel capacity (specific to freezer
trawler, factory freezer and ®t-fish trawler vessels), CPUE and some stochastieilye Note that

these equatims below were implemented individually by each active vessel in the model, meaning
thatthe @S & & S f d&térmirie@ its)8apacityBoth CPUE and stochasticity were read by individual

vessels and affected the catch quantity on individuabnthly vessel fising trips. The three

equationswere;

QFC = MV€random (SC)) + (CPUE*(®®C)) ... 6.1)
100

QFC =MVC * ((random 100 * CPUE)/200) ... 6.2)

QFC = MVC * [(CPUEPUE*SC)) + ((random (2*CPUE*SC*100))/100)] ... 6.3A)

QFC =MVC * (CPUE + (CPUE*ran&®y) L. 6.3B)

Where QFC ithe quantity of fish caught bypne (active)vesselon a single fishing trii.e. in one

monthly, timestep), MVC ighe maximum vessel capacifgr fish, SC ishe stochasticity of catching

fishand CPUE is catch per uniteffort. Ihal Slj dz-r GA2ya /t! 9 A& I @FftdzS 0685
represents a random draw between 0 and the numerical value of the variable that f&llows
Equation5.1 represents an additive scenario where SC is a value between 0 and 100, such that SC

and CPUE tagher make up a maximum value of 100. In this case the greater the SC, the more
AYLRNIFYyG NFyR2YySaa Aa (2 iRS§dngadshing kighd thdildsS @S a & ¢
important the CPUE. In Equatiéi2 stochasticityvia random draw of 10) interacts with CPUE and

the stochasticity is implicit but not directly regulated as a model input. In this case there is a
multiplicative effect where CPUE is multiplied by a random draw of a maximum 100 such that catch

is always less than but reachdgetmaximum of the CPUE input into the model. Equali@A is a

more complex scenario, where SC is a value between 0 and 1. The equation is written in a complex
manner because of the nature of implementing it into code for the model, but a simpler (and
equivalent) representation of it is given as equati®BB.In these equationshie catchof fish made

by a single active vessil one fishing trip (rememberinffom Chapter 4 thaone fishing trip is

> Note that Netlogo 5.0.1Lises theMersenne TwisterNlersenneTwisterFast class by Sean ).diteerandom

number generation. The random number generator can be sdeglith the same number to ensure that runs

are repeatable, or if left without a given seed Netlogo will select seeds at random based on the date and time.
.S0ldzaS 2F GKS FIF OG0 GKIFIG &aSSR ydzYoSNB | NB dzth&R Ay (K
Netlogo produces are done so via a deterministic processes and are therefore actually-pseddm

numbers. Random numbers come from a uniform distribution.
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equivalent to the total fish caught in a single monthipéistep)is equivalent to the vessel capacity

for fishmultiplied by the CPUE where the CPUE can deviate up or down by the proportion dictated
by a random draw of a maximum of the SC. For example, if the CPUE were 0.5 and the SC were 0.2
(i.e. a 20% stoclsdic effectonthe CPUE), then the quantity of fish caught would be determined as
the maximum vessel capaciffor fish) multiplied by a proportion between 0.4 and 0.6, i.e. where

the CPUE deviates by 20% up or down from its input valoelarify, this raans that the fullness of

a vessel is determined by CPUE andstoehasticity of catching fisiThis is based on the idea that

each vessel catch is dependent on tHatchabilitbf fish. CPUE is one measure of this, but there is
also some environmentalariability that can affect individual catches. Thiariabilityis a form of
uncertainty, and can be captured simplistically by a random number (i.e. making the variability a
stochastic processA CPUE of 1 indicates that vessels will on average be full0&ad O indicates

empty. A SQf 1 means that a ves<eBullness in a single trip can deviate by 100% from the CPUE,
while 0 indicates that the vessel fullness will deviate by 0% from the CPUE. The single catch by a
@SaasSt O6APSd IKAYAY BifdeRImiont2by thé préportivrlAfdiness and the

maximum capacity of the vessel for fish.

After carefully examining outputs of the quantity of fish caught by a vessel for different stochasticity
and CPURaluesthrough independent implemeattions in Microsoft Excel (see Figi8), equation

5.3 was selected as the most suitable and it was implemented into code in the mibdemodel
wasthen carefully tested. The reason for the selectias that equatiorb.3 provided the possibility

to incorporate a known level of randomness and to adjust the relative importance of CPUE and
stochasticity and still haveo fish caught when CPUKEas 0. Equatiorb.1 provided a very similar
scenario except in instances where CPUE was equivalent to 0. Whennv@®¥dgual to 0, fishwas

still caught bythe vessel due t@ome random draw of the SC. Thias unrealistic, as in the real
world if CPUE were equal to zero there would be no fish to catch. Equagtoalwaysproduced
outputs thatwere lower catches thanhe value of CPUENUltiplied by vessel capacityvhichwas
unrealistic, asn the realworld environmental uncertainty can sometimes be favourable, increasing

catches beyond expectation. It was therefore rejected as a possibility.

The effects of incremdally relaxing each of the assumptioBs6, 7and8, as made irHakeSim 1.0
Chapter4, on the realism of model behaviour and outpuere then determined by comparingst
function and sensitivityvith the newer prototypedHakeSim 2.1, 2.2 and 208 the model where the

assumptionsvere relaxed.
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Table5.1: New inputs and monitors introduced intaHakeSim 2.12.2and 23, and which are found in all
subsequent prototypes of the model.

Agent(s) it

New Type applies to Brief description
Input variables
number of factory freezer the number of large factory freezer trawlers a compan
trawlers number all companies owns

the number of smaller freezer stern trawlers a compar
number of freezer trawlers number all companies owns
number of wet-fish trawlers number all companies the number of fresh fish stern trawlers a company owi

proportion the catch per unit effort, unitless, relative, transformec
CPUE of 1 all vessels scaleof Oto 1
proportion level d randomness by which CPUE varies; proxy for

stochasticity of catching fish of 1 all vessels environmental uncertainty
Monitors

the sum of all vessels owned by all company agents it
number of vessels number all companies model

the sum of all freshdh stern trawlers owned by all
number of wet-fish vessels number all companies company agents in model

the sum of all freezer stern trawlers owned by all
number of freezer trawlers number all companies company agents in model
number of factory freezer the sum of all factry freezer trawlers owned by all
trawlers number all companies company agents in model
large company number of the sum of all vessels owned by the large company a¢
vessels number large company  in the model
medium company number of medium the sum of all ves¢®owned by the medium company
vessels number company agent in the model
small company number of the sum of all vessels owned by the small company
vessels number small company  agent in the model
supercluster company number supercluster the sum of dlvessels owned by the supsuster
of vessels number company company agent in the model

Table5.2: The arbitrary capacity that was assigned to vessels prior to the availability of better data. Figures
were based on preliminary qualitative information from the consultation pke.

capacity
fish (tons)
Factory freezer trawlers  frozen 200
Freezer stern trawlers frozen 50
Wet-fish stern trawlers fresh 30
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Table 5.3: Average vessel traits from the real world calculated for the offshore demerkake trawling fleet for the time period 2010- 2013 determined from
consolidating and crosserifying government and industry data, courtesy @outh African Deep Sea Trawling Industry Associati®@®DSTIAand Department of
Agriculture, Forestry and Fisherie®AFF. Where applicable average valuesvere used for vessels in the model worldor HakeSim 2.3and later versions Average
maximum hake per monttwas used as a vessel maximum capacity value and register povaer used to calculate fuel usage later model versionsDual vessls were
not represented in themodel; insteadtheir numbers were captured afreezer vessels

Average
amount  minimum
Standard  of hake hake
Average Minimum deviation per landing of
Vessel amount hake maximum  of whole landing the year
Statistics Weight Number  of hake landing hake hake as % of as % of maximum average
from the Age at Vessel (Gross Crew Registe of per of the landing of caught in the the hake per  hake
Vessel entire Build 2013 Length Register (numbers Power landings landing year theyear landings maximum maximum month per
type fleet Year (years) (m) Tons) of men) (HP) peryear (tons) (tons) (tons) (tons) landing landing  (tons) month

Min 1962 51 21.5 185.7 16.0 552.0 11.0 33.6 2.9 48.7 10.1 37.8 5.9 44.6 30.8
Dual Max 2007 6 61.0 811.7 50.0 1798.9 52.0 80.4 53.7 127.3 28.8 80.5 42.2 551.7 348.5
Average 1980 33 40.6 461.6 26.7 1159.3 22.1 52.8 204 83.4 18.2 64.7 21.7 153.9 97.5
Min 1970 43 48.4 684.3 42.0 1199.7 3.0 154.1 14.1 222.2 39.7 47.8 3.6 55.5 38.5
Factory Max 1992 21 72.1 2504.0 76.0 4524.1 10.0 1066.2 979.2 1222.7 277.1 87.2 80.1 1018.9 888.5
Average 1982 31 61.7 1637.0 58.4 2886.0 8.0 560.3 331.9 742.8 147.8 70.4 38.3 495.2 373.5
Min 1961 52 24.0 257.4 15.0 780.2 2.0 11.7 1.0 215 9.9 25.5 1.1 3.6 2.0
Freezer Max 2002 11 57.3 852.0 450 17694 21.0 226.1 154.2 264.6 43.9 854 58.3 463.0 395.6
Average 1979 34 38.5 446.1 276 1125.8 11.9 81.0 45.6 122.3 24.1 60.5 30.7 121.4 80.4
Wet- Min 1973 40 204 154.0 15.0 500.0 2.0 6.5 0.0 15.6 5.8 41.3 0.2 2.6 1.1
fish Max 2003 10 475 1215.0 32.0 2990.6 66.0 81.3 44.4 115.7 31.1 83.2 554 636.6 447.4
Average 1989 24 40.5 612.0 25.2 1800.4 37.5 52.2 17.9 76.4 15.3 67.1 23.0 238.5 162.8
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Figure5.2: Outputs of fish caught from the independent implementatioof equations5.1, 5.2 and5.3 in MicrosoftExcel. Additive refers to equatiorb.1, multiplicative
to equation 5.2 and complex to equatiorb.3. Outputs of fish caught @axis) are given for each of 100 replicatesgxis); each replicate represents a siegrandom
number draw. The same equationsere applied for different SC (stochasticity of catching fish) values 0, 20, 50 or 100%, and for different catch per urtitvaftegs: 0
(a&d), 0.5 (b &e)and 1 (c and f). Implementations of equatto8 (d, e f) produced the most realistic catches of fish.
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3. Results & Discussion

3.1. Model testing

Foreach prototype version of the model as each new procedure or variable was added there was
ongoing testing, which involved varying inputs and examining associatgoutsueind model
behaviour, and debuggingach pocedurewastested and agent monitors and plots werespected

In order to achieve this, new monitors were also added as described in Bdbl&o verify the
outputs of each procedure at the agent leybbsic procedures that were newly added were also
replicated and computed in Microsoft ExcBlasicad hoctesting wasemployed on fully functional
model prototypeswhere all new procedures were coded and running. Thfscallyinvolved using
normal and exteme input values and running the modelastep-wisemannerto ascertain whether

there was any erratic behaviour. If any was observed, thorough debugging and continuegistep

testing of the model was carried out.

Following this, sensitivity analysesgere conductedon each of the model prototypes tascertain

that there was no erratic behaviour. These sensitivity analyses also served to compare behaviours
between model prototypes to determine the effects of relaxing some of the core assumptions made
in the previous model prototype and whetheglaxing the assumptions mightoduce more realistic

model behaviour.

3.2. Sensitivityanalysesof the different versions

Sensitivity analyses were conducted in exactly the same manner as desoriBedpterd, e.g.100

runs per input value run in Netlogo v5.0.1 using BehavioSpacetool, for each of the model
versions (i.eHakeSim 1.0, 2.1, 2dhd 2.3). However, since the sensitivity analyses conducted in the
presentchapter serve a mainly comparative purposslightly less rigorous approach was adopted,

in the sense that only a lower extreme value and an upper extreme value were used for each of the
input parameters, as opposed to the more detailed input range that was useétapter 4 A full list

of the input values used for the model runs can be foundAppendix5. For HakeSim 2.3
transformed CPUE value (on a unitless scale from 0 to 1) based on the average of the time series
from 1978 to 2012 wassed for standard runs (se®pendix5, Table A5)L Foreachmodel version,
outputs for every single input value test were then assessed relative to the standard run outputs and
a sensitivity index was calculated, as per Hgproach of Chaptet. Thesensitivity results were then

compared between model versieras follows.
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All model versions remained relatively insensitive or showed minor sensitivity to the demand of
international or domestic markets and there was almost no variation between the outputs of the
various model prototypes (Table 5.5). This is notlesirable behaviour, since the hake industry
reported during consultation that in the real world there was always a demand for South African
hake from their customers and that the market would take as much fish as they could supply.
Changes made to therocedures in the model that affected how and which vessels were sent fishing
in the two updated model prototypes appear to have not altered the way that demand affected the
model, which is desirable as vessel behaviours should not affect client behavitwe model. It
would have been unexpected for vesselated company behaviour to have had any impact on the

way that demand affects the model.

On the other hand, the different model prototypes behaved slightly differently for the same quota
(i.e. proportion of rights) inputs (Table 5.6). HakeSim 1.@ll model outputs except world demand

and world vessel numbers were slightly sensitive to quota changétakaSim 2.12.2and 2.3, the

output of demand was still insensitive to quota changes, but ptbatputs differed in their
sensitivity to quotaHakeSim 2.12.2and 2.3 had most outputs slightly sensitive to an increase in
large company quota and fresh fish was slightly sensitive to a decrease in large company quota
whereas frozen fish was less sdive. This was not surprising given that the large company in a
standard average run accounted for 70% of the ¥igh vessels in the model and 42% of all
modelled vessels. Thus changes in total vessel numbers, and especidilyhwetssel numbers, as

result of changes to the large company quota and therefore the number of its vessels it sent fishing,
would have had a big impact on many outputs in the model, in the latter case on fresh fish quantities
throughout the model HakeSim 2.Ehowed little sasitivity to any other quota changeblakeSim

2.2 and 2.3 differed from the two earlier prototypes in that they had active frozen and fresh fish
vessel numbers that were more sensitive to changes in quota, particularly to large and medium
company guota chages, although sensitivity was still only slight2lpand2.3frozen fish quantities

also displayed more sensitivity to lowering of medium company quota. This was probably explained
by the fact that the medium company agent held 59% of all frozen &skels in the model, which
meant that changes in its quota had a big impact on the number of frozen fish vessels that were
active and supplying frozen fish into the model. The fact tHakeSim 2.2and subsequent
prototype 2.3) had vessel numbers that wersensitive to quota resulted from ® Hcéhi@pany

behaviour to selectively send vessels to fish until all quota was caught. Therefore, it was as expected
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that when quota was changed, the number of vessels needed to catch quota would also change.
That is beause, in the real world quota directly affects the quantity of fish that can be caught, and
therefore processed and sold. This model behaviour was therefore more realistic than the earlier

two model versionsHakeSim 1.@nd2.1

Most outputs of all mode FSNB A2y a 6SNB AyaSyardigsS 2N aK24SR
processing efficiencies of fresh fish, with only slight sensitivity seen for fresh fish outputs in respect
to changes in large company processing efficiency (TableHaKeSim 2.12.2and 2.3 were slightly

less sensitive to this input thaRlakeSim 1.0but in all cases sensitivity was close to negligible.
Similarly, for all three model versions minor or negligible sensitivity of most outputs to changes in
company processing effeacy of frozen fish was observed (Table 5.8). The exception to this was that
world frozen fish wasted was extremely sensitive and world fish processed and bought was sensitive
or slightly sensitive to changes in large company processing efficiency arsbhmedsensitivity to

that of the medium company agent, particularly tdakeSin2.2and 2.3 This was unsurprising since

the large company agent held around half of all quota in the model, and therefore processed more
fish than any of the other agents alonand it was followed by the medium agent in the volume of

guota that it held.

For all model versions the proportion of frozen fish purchased by international or domestic markets
appeared to have little effect on all model outputs, with the exception ioéally altering world
demand. There were no important differences in model versions for this parameter (Table 5.9).
Conversely, most outputs of all the model versions were sensitive to total allowable catch (Table
5.10), apart from demand which was unaffed by TAC, as was to be expected since the two were
affected by separate inputs. Of interest, thoudtakeSim 2.2nd 2.3 differed from the other two

earlier model versions. Firstly the number of active vessels output was sensitive to changes in TAC,
which was not the case for versioisD and 2.1, as per their deign. Secondly, for both versioh

and 2.1, outputs were sensitive to both increases and decreases in TAC, whilakeSim 2.2and
subsequenth2.3) model outputs were only sensitive to deases in TAC, while they were relatively
insensitive to increases in TAC. This was an interesting finding, since it indicated that at some level
FtSSG OFLIOAGE oAdSd GKS G2a0Fft OFLI OAGE 2F ff
addtional increases in TAC cannot be caught. This was a much more realistic behaviour than either

of the earlier versions where the model was highly sensitive to increases in TAC. In the real world if
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TAC was increased to an extreme at some point vessel ibapdiche existing fleet would become

limiting and more vessels would need to enter the fleet to be able to catch the surplus.

The sensitivity of the model versions to changes in fleet structure was assesséak&Bim 2.,12.2

and 2.3 (Table 5.11). Thicannot be done foHakeSim 1.(because the capacity to change fleet
structure did not exist in this version. OverdlhkeSim 2.2and consequentl.3) evidenced greater
sensitivity but also more nuanced sensitivity to changes in fleet composition &tanFirstly
OKFy3aAy3d (GKS ydzyoSNJ 2F FTNBSTSNJ GNI gt SNAR Ay GKS
@SaasStaéo KIR Iy AYLRNIFYG S7TFBXsincedyfputy ddokefy FA &F
fish at every level from catch through tolsalisplayed sensitivity to changes in numbers of freezer
trawlers, while fresh fish did not. Whereas,HakeSim 2.Inost outputs were sensitive to declines

but not to increases in freezer trawler numbers, and there was no distinction between fresh and
frozen fish outputs. This reflected the structural differences between the model versior2s2 In
changes in freezer trawler numbers directly affected the numbers of vessels that companies could
send out to catch quota. Since vessel capacity was limitedndgedmum amount of frozen fish that

could be caught, assuming TAC was not limiting, was equal to the number of frozen vessels
multiplied by the maximum capacity of these vessels.2lfy though, if vessel numbers were
increased the same amount of quota wei/ided evenly amongst these vessels, meaning each
caught less, but all fish was still caught, while if vessel numbers were decreased to zero (minimum)
then there were no vessels to evenly divide the quota amongst, meaning the quantity of frozen fish
caugh would have been zero. The exact same explanation also holds true fefisivatessels in the

two model versions:HakeSim 2.lonly showed sensitivity at minimum (zero) wih vessel

numbers, but not at the maximum extreme, whiakeSim 2.had only fresh fish outputs affected

by changes in total wefish vessel numbers in the model.

The sensitivity oHakeSim 2.2vas indicative of a model behaviour that was much more realistic:
changes in wefish vessel numbers affected the ability of companies toleéresh fish and thus the
amount of fresh fish in the system, just as freezer vessels affected the quantities of frozen fish.
Comparing the sensitivity of outputs éfakeSim 2.and 2.3 they were almost identical. However,
HakeSim 2.3vas less sensitived increasing the vessel fleet for all companies to maximum and
increasing the freezer vessel numbers for all companies to maximum. This was due to the fact that in
HakeSim 2.¥essel maximum capacity was increased to real vessel values, which wereaigjwifi

larger than the arbitrary values assigned in the earlier model version. This meant that the maximum
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of a limiting factor inHakeSim 2.3This model grsionretained some sensitivity to lower vessel
numbers, since decreasing vessel numbers in the extreme decreases the capacity of companies to be
able to catch fish, thereby affecting the quantity of fish entering the model and aldlated

outputs.

A further demonstration of the more realistic behaviour of versi@rdand 2.3 was that fresh fish
variables displayed slight sensitivity to changes in the number of vessels owned by the large
company, which in the standard average run holds 70% offisietvessel numbers. Similarly frozen

fish outputs indicated some response to changes in the overall numbers of vessels held by the

medium company which in a standard run accounted 59% of freezer vessel numbers in the model.

Finally, most outputs oHake$n 2.3were sensitive to CPUE (Table 5.12). This was because CPUE
had a direct effect on the quantity of fish caught by the vessels and consequently, the quantities of
fish at all later stages of processing and sale. This was a realistic observationCBidEe was

identified during consultation as one of the major factors affecting the industry in the real world.

Table5.4: Criteria for judging sensitivity analyses

-I 0-0.001 relatively insensitive

0.001-
0.49 minor sensitivity (less than preded)

0.49-0.99 slightly sensitive (less than predicted)

0.99-1.49 sensitive (as or slightly more than predicted)

150r
more extremely sensitive
N/A
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Table 5.5: Sensitivity of model outputs (shown along the top) to extreme valuesrfeach of three market demand inputs (shown down), for each of the model
prototypes. Input and output names are as per their definitions @hapter4.

Ave.

Ave. Ave. Ave. Ave. world_fro Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave.
world_fre world_fro world_all world_fre zen_stock world_sto world_fre world_fro world_all world_fro world_fre world_clie world_fro world_fre world_all world_act world_act
sh_fish_ca zen_fish_c _fish_cau sh_stock_ _processe ck_proces sh_fish_w zen_fish_ _fish_was zen_dema sh_deman nt_deman zen_fish_ sh_fish_b _fish_bou ive_froze ive_fresh_

ught aught ght processed d sed asted wasted ted nd d d bought ought ght n_vessels wvessels

Domestic demand

Spain demand

HakeSim 1.0 Other countries demand

Domestic demand
Spain demand
HakeSim 2.1 Other countries demand

Domestic demand
Spain demand
HakeSim 2.2 Other countries demand

Domestic demand
Spain demand
HakeSim 2.3 Other countries demand

136| Page



Table5.6: Sensitivity of model outputs (shown along the top) to extreme values for differeqtiota allocation to company inputs (shown down), for each of the model
prototypes. Input and output names are as per their definitions in ChaptelL,M, S and SC stand for large, medium, small and stglaster companies.

Ave.

Ave. Ave. Ave. Ave. world fro  Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave.
world_fre world_fro world_all world_fre zen_stock world_sto world_fre world_fro weorld_all world_fre world_fre world_clie world_fro world_fre world_all world_act world_act
sh_fish_ca zen_fish_c _fish_cau sh_stock_ _processe ck_proces sh_fish_w zen_fish_ _fish_was zen_dema sh_deman nt_deman zen_fish_ sh_fish_b _fish_bou ive_froze ive_fresh_

ught aught ght processed d sed asted wasted ted nd d d bought ought ght n_vessels wvessels

HakeSim 1.0

HakeSim 2.1

HakeSim 2.2

HakeSim 2.3

L company quota high
L company quota low
M company quota high
M company quota low
5 company quota high
5 company quota low

5C company quota high

5C company quota low

L company quota high**

L company guota low
M company quota high
M company quota low
5 company quota high
S company quota low

SC company quota high

SC company quota low

L company quota high**

L company quota low
M company quota high
M company quota low
S company quota high
5 company quota low

SC company quota high

5C company quota low

L company guota high**

L company guota low
M company quota high
M company quota low
5 company quota high
S company quota low

SC company quota high

5C company quota low

0.6274 0.6876 0.7616 0.6434 0.6858  0.7530 0.5580 0.6913 0.6434  0.7616 0.6858
0.5035 0.6389 0.7999 05468 06376  0.7926 0.3157 0.6417 0.5468  0.7999

0.7965
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Table5.7: Sensitivity of model outputs (shown along the top) to extreme values for different company processing efficiencies for fresh fish (shown dfawrgach of
the model prototypes. Input and output names are as per theiefinitions in Chapterd. L, M, S an&C stand for largg medium, small and supecluster companies.

Ave.
Ave. Ave. Ave. Ave. world fro  Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave.
world_fre world_fro world_all world_fre zen_stock world_sto world_fre world_fro world_all world_fro world_fre world_clie world_fro world_fre world_all world_act world_act
sh_fish_ca zen_fish_c¢ _fish_cau sh_stock_ _processe ck_proces sh_fish_w zen_fish_ _fish_was zen_dema sh_deman nt_deman zen_fish_ sh_fish_b _fish_bou ive_froze ive_fresh_

ught aught ght processed d sed asted wasted ted nd d d bought ought ght n_vessels vessels
FokeSim 10 Lcompany reh efcency ooz
M company fresh efficiency
5 company fresh efficiency
SC company fresh efficiency

HakeSim 2.1 | company fresh efficiency
M company fresh efficiency
5 company fresh efficiency
5C company fresh efficiency

HakeSim 2.2 L company fresh efficiency
M company fresh efficiency
5 company fresh efficiency
SC company fresh efficiency

HakeSim 2.3 | company fresh efficiency
M company fresh efficiency
5 company fresh efficiency
5C company fresh efficiency
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Table5.8: Sensitivity of model outputs (shown along the top) to extremealues for different company processing efficiencies for frozen fish (shown down), for each of
the model prototypes. Input and atput names are as per their definitions in ChaptdrL, M, S and SC stand for large, medium, small and swhester companies.

Ave.

Ave. Ave. Ave. Ave. world_fro  Awve. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave,
world_fre world_fro world_all world_fre zen_stock world_sto world_fre world_fro world_all world_fro world_fre world_clie world_fro world_fre world_all world_act world_act
sh_fish_ca zen_fish_c _fish_cau sh_stock_ _processe ck_proces sh_fish_w zen_fish_ _fish_was zen_dema sh_deman nt_deman zen_fish_ sh_fish_b _fish_bou ive_froze ive_fresh_
ught aught ght processed d sed asted wasted ted nd d d bought ought ght n_vessels  wessels
HakeSim 1.0 L frozen efficiency 0.8369 0.5402 0.8369 0.5402

M frozen efficiency
5 frozen efficiency
SC frozen efficiency

HakeSim 2.1 | frozen efficiency
M frozen efficiency
5 frozen efficiency
5C fozen efficiency

HakeSim 2.2 | frozen efficiency
M frozen efficiency
5 frozen efficiency
5C fozen efficiency
HakeSim 2.3 L frozen efficiency
M frozen efficiency
5 frozen efficiency
5C fozen efficiency
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Table5.9: Snsitivity of model outputs (shown along the top) to extreme values of proportion frozen hake demandeedxh of three markets (shown down), for each
of the model prototypes. Input and output names are as per théiefinitions in Chapter.

Ave.
Ave. Ave. Ave. Ave. world_fro  Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave.
world_fre world_fro world_all world_fre zen_stock world_sto world_fre world_fro world_all world_fro world_fre world_clie world_fro world_fre world_all world_act world_act
sh_fish_ca zen_fish_c _fish_cau sh_stock_ _processe ck_proces sh_fish_w zen_fish_ _fish_was zen_dema sh_deman nt_deman zen_fish_ sh_fish_b _fish_bou ive_froze ive_fresh_

ught aught ght processed d sed asted wasted ted nd d d bought ought ght n_vessels vessels

HakeSim 1.0 Domestic prop frozen 0.9816

Spain prop frozen

Other prop frozen
HakeSim 2.1 pomestic prop frozen 0.9816

Spain prop frozen 0.5974

Other prop frozen
HakeSim 2.2 Domestic prop frozen 0.9816

Spain prop frozen 0.5974

Other prop frozen

HakeSim 2.3 Domestic prop frozen
Spain prop frozen
Other prop frozen
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Table5.10: Sensitivity of model outputs (shown along the top) to extreme values of Total Allowable Catch (BA@yn down), for each of the model prototypes. Input
and output names are as per their definitioria Chapter 4

Ave.

Ave. Ave. Ave. Ave. world_fro  Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave, Ave. Ave. Ave. Ave.
world_fre world_fro world_all world_fre zen_stock world_sto world_fre world_fro world_all world_fro world_fre world_clie world_fro world_fre world_all world_act world_act
sh_fish_ca zen_fish_c _fish_cau sh_stock _processe ck_proces sh_fish_w zen_fish_ _fish_was zen_dema sh_deman nt_deman zen_fish_ sh_fish_b _fish_bou ive_froze ive_fresh_

ught aught ght processed d sed asted wasted ted nd d d bought ought ght n_vessels  wvessels

HakeSim 1.0
s saon sson ssez s sson sson ss0sron [T e e oo~ T
HakeSim 2.1

TAC 1.0018 1.0019 10019 1.0020 1.0019 1.0019 10017 1.0016 10017 10019 1.0020 1.0019

HakeSim 2.2 TAC - 100% 1.0000  1.0000 1.0000 10000 10000 10000 10000 10000  1.0000 10000 10000 1.0000 10000  1.0000

TAC + 100%
HakeSim 2.3 TAC - 100% 1.0000  1.0000 1.0000 1.0000 1L.0000 10000 10000 10000  1.0000 1.0000 1.0000 1.0000 1.0000  1.0000
TAC + 100% 0.0010 0.0010 0.0010 0.0010 0.0311
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Table5.11: Sensitivity of model outputs (shown along the top) to extreme values of different fleet combinations (shown down), for ontgeghmodel prototypes. Input
and output names are as per their definitions in Tallel, and Table 4.1 abovel, M, S and SC stand for large, medium, small and seghester companies and max and
min refer to maximum and minimum, respectively. In this caseher the entire fleet, freezer vessel or et-fish vessel numbers are maximized or minimized for all
companies or individual company agents.

Ave.

Ave. Ave. Ave. Ave. world_fro  Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave.
world_fre world_fro world_all world_fre zen_stock world_sto world_fre world_fro world_all world_fro world_fre world_clie world_fro world_fre world_all world_act world_act
sh_fish_ca zen_fish_c _fish_cau sh_stock_ _processe ck_proces sh_fish_w zen_fish_ _fish_was zen_dema sh_deman nt_deman zen_fish_ sh_fish_b _fish_bou ive_froze ive_fresh_

ught aught ght processed d sed asted wasted ted nd d d bought ought ght n_vessels vessels

HakeSim 2.1 All companies max freezers
All companies min freezers 0.8424 0.6403 0.7355 0.7234 0.6344 0.6662 0.9630 0.6649 0.8728 0.6344 0.7234 0.6662
All companies max wetfish
All companies min wetfish 0.7175  0.9145
All companies max fleet size
All companies min fleet size
L company max vessels
L company min vessels 0.7945 0.8160 0.8847 0.8064 0.8343 0.7947 0.7446 0.7796 0.8064 0.8847 0.8343
M company max vessels 0.5862
M company min vessels
S company max vessels
S company min vessels
SCmax vessels
SCmin vessels

0.7443 0.8647

HakeSim 2.2 All companies max freezers
All companies min freezers
All companies max wetfish
All companies min wetfish
All companies max fleet size
All companies min fleet size

L company max vessels 0.7666 0.6324 0.7666

L company min vessels 0.6308

M company max vessels 0.5101 0.5101 0.5862
M company min vessels 0.5101 0.5101 0.5862

S company max vessels
S company min vessels
SC company max vessels
SC company min vessels

HakeSim 2.3 All companies max freezers
All companies min freezers

All companies max wetfish
All companies min wetfish
All companies max fleet size
All companies min fleet size
L company max vessels

L company min vessels

M company max vessels

M company min vessels

S company max vessels

S company min vessels
SCmax vessels

SC min vessels

0.6287
0.6731
0.6579
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Table5.12: Sensitivity of model outputs (shown along the top) to extreme values of catch per unit effort (CPaHe stochasticity of catching fish. Only the results for
HakeSim 2.&re shown, since this is the only model prototype that includes these two parameters as model inputs.

Ave.

Ave. Ave. Ave. Ave. world_fro Ave. Ave. Ave.

Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave.
world_fre world_fro world_all world_fre zen_stock world_sto world_fre world_fro world_all world_fro world_fre world_clie world_fro world_fre world_all world_act world_act

sh_fish_ca zen_fish_c _fish_cau sh_stock_ _processe ck_proces sh_fish_w zen_fish_ _fish_was zen_dema sh_deman nt_deman zen_fish_ sh_fish_b _fish_bou ive_froze ive_fresh_
ught aught ght processed d sed

asted wasted ted nd d d bought ought ght n_vessels vessels
HakeSim 2.3 cpuE 1.0000  1.0000  1.0000 1.0000 1.0000  1.0000  1.0000  1.0000  1.0000 1.0000 1.0000 1.0000  0.0311
Stochasticity of catching fish 0.0032 0.0791 0.0444 0.0034 0.0821 0.0553 0.0031 0.0679 0.0243 0.0821 0.0034 0.0553 0.0044
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4. Summary

If all of the above results are considered collectively, it becomesrapp that HakeSim 2.3ad a
much more realistic behaviour than the other model versidAakeSim 1.@&nd 2.1 were not very
different from each other in behaviousuggesting that while average vessel numbers were used in
2.1the assumption§, seeTable4.1) that vessel fleet structurdid not have a significant effect on
the modelheld true in the early prototype.But HakeSim 2.5howed some sensitivitip changes in
fleet structure (vessel number) inputssuggesting it might be an important variable. Aidadhally,
when considering the more complex prototypHakeSim 2.2nd 2.3 a variable fleet structurelid
have a significant impact on model performancewas evidenced by the sensitivity of the outputs
of HakeSim 2.2and2.3to changes in fleet struates. Having the ability to alter fleet structure in the
modelwill allow fora different series of questions to be asked of later prototypesmaight confer a
significant advantage in terms of the flexibility of analyses timatld be conducted with thanodel
prototype thatwill include monetarymodel currency. It also leaves the possibility to continue to run
the model with the fixed fleet structure or modify it easily as desired. This ability will therefore be

retained in future model versions.

The asumptions ¢ and 7, seeTable4.1) that companies divide quota evenly between vesaalts
that all vessels are active at all time stdpal a significant effect on model behaviour. HakeSim
2.2 where these assumptionsvere relaxed, i.e where company agets had the potential to
preferentially send some vessels fishiiagher thanothers andto only sendfishingas many vessels
as necessary to catch their quota, much more realistic model behawiasiachieved. Thigas not
surprising given that in the réaworld this reflects howfocused on efficiencyhe fishery was.
Furthermore,HakeSim 2.81iad the same behaviour a2.2 but additionally capturd CPUE, a factor
identified as important to industry, and to which the modaeds sensitive. It will therefore lalw the
testing of a greater variety of scenarios in later model versions, where CPUE nespdmally
important for financial variables through its influence on per vessel catch and consequently vessel
running costs. Given this much more realistic artdrigsting behaviour of the model that will better
allow gquestions about the real world industry to be answeréthkeSim 2.3will be used in

preference to the alternate versioris2, 2.1and1.0for further model development.

As suggested b$tarfield and Jarre (20),lthe first model prototype after having been subjected to
a thorough sensitivity analysis and assumption analysis has led to a plan of how to advance the

model to the next prototype through improving on the existing one. In the next phase of model
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developmentHakeSim & will be modified to incorporate monetarynodel currency to allow for

testing questions about the importance of fuel price and exchange rate fdighiag industry.
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Chapter 6: The full prototype dflakeSimg from fish to exports

1. Introduction

Building on the work of the previous model versions, this chapter takes the modiétfinal full
prototype, HakeSim 3.@hich incorporates mortary values as a model currenicyaddition to fresh
and frozen fish.This will allow some of the original questions on the tradis betweentotal
allowable catchTAG, catch per unit effor{f CPUIE fuel price, exchange rate and market factors such

as price and demand, to lzeldressed

Some further questions and ideas emerged during the data collection, stakeholder consultation and
data analysis phases and the model further attempts to spedkese. These new ideas emerged as

a result of iterating through the model development cycle, where new questions and hypotheses
emerged from the analysis of early model prototypes and communication of the resiths
stakeholders. Some of these neveas and hypotheses are tested in the scenarios at the end of the

chapter.

In Chapter 2it emergedthat companies were shown to have different business strategies. These
different strategies presumably involve tradés in profit and risk, and this idda to be tested.
Another important trend that was highlighted the Chapter2 was thatthe industry has downsized

its fleet through time, particularly since the startiedium and Long Term Rights AllocatidiTRA

and LTRAprocesses. This was said to partially to reduceexcesseffort, presumably to increase
economic efficiency (decrease maintenance costs etc.) and also further to maintain an idddstry
effort restriction. Industry also suggested that freezer trawlmgs less costly than catchingefh

fish (particularly under higher fuel pricesand that was part of the reason for the switch through
time to more frozen product, as was observed in the export data trends (Chaptés such, much

of the reduced vessel numbers were accounted for btired wet-fish vessels, as seen in the
industry fleet structure trends (Chapt@). Industry suggested, that this allowed them to maintain
profitability in the face of rising fuel (and other) costs. The hypothesis that fleet size and composition
(i.e. quantity of fresh to freezer vessels) has an effect on company profitability and risk is also to be
tested. Both of these hypotheses are tested through mean variance economic analyses, whish allow
the examination of profit versus deviation in profit (i.endncial risk) to be assessed for different

strategies and fleet sizes.
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Other important factors that were identified as drivers of company behaviour and profitability in the
industry were fuel price, exchange rate, market factors and CPUE. Understandingetactions
between these variables was another important question to address. It is hypothesized, based on
interviews with companies that fuel price is the single biggest cost to industry and as fuel price
increases profitability will decrease until abme point fuel price will cause companies to make a
loss. Secondly, favourable exchange rates and high market value of product might buffer against the
losses made by high fuel costs by increasing the revenue from \ikile high CPUEunder
unchanged tribution of the fish)might reduce the amount of fuel needed to catch a given
guantity of fish, thereby reducing total fuel used and thereby total fuel costs. Companies identified
that the exchange rateddscomplexityby simultaneously affecting inteational fuel price (priced in

US$) and Rand value equivalent of exported product, this interactive effect is to be explored.

Companies reported that there could emporal mismatches between TAC and CRIUE to a lag

in stock assessment models incorpiing CPUE into hake population predictions and therefore TAC
recommendation¥. This could cause a @gnchronization in investment; in other words, while TAC
remains low or average and CPUE is high companies refiguieg vessels to catch their quota and

they disinvest in (i.e. sell or retire) vessels, but if CPUE drops and TAC is high companies will have
insufficient vessel numbers to catch their allotted quota and would need to rapidigvest (i.e.
purchase) new vessels to catch their quota, which wdaake at least one year to purchase a second
hand vessel or two years to have a new vessel built. This was identified as a possible concern to
companies because they wish to demonstrate that they have the capability to catch their allotted
annual quota fo future rights allocations. Companies may have the incentive to maintain a larger
fleet size solely to buffer against such mismatches in TAC and CPUE and ensure that they have the
capacity to catch their allotted quota. The hypothesis that TAC and CP&iaateiies have
consequences for profitability of companies and for the ability to catch their quota is tested. The

effect of TAC and CPUE mismatches on different fleet sizes is also examined.

®That is to say, in simplest terms, that the stock assessment models used in the Opérktarayement
Procedure employed by government use past time series of CPUE to project future TACs and this can
occasionally result in a mismatch between projected hake populations and therefore TAC and actual hake
populations and therefore CPUE. Althouglasons for mismatches may be more complex than this.
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2. Methods

In this chapter, following the rapid prototyping amarch describedn Chapter4, monetarymodel
currency and associated inputs and procesgesaalded to produce a full prototype modélakeSim

3.0. The model is then implementagsingNetlogo v5.0.1.

2.1. Conceptual famework &design

HakeSim 3.(builds upon he previous model versions and therefore has the same underlying
conceptual framework and desigiescribed in Chapterd and 5. This versioris, however,more
complex and attempts to capture more of the known drivers for the real world offshore demersal
hake trawling industryby i) adding a newmodel currency ii) increasing the number of input
parameters to the model (Figui&l1), andiii) incorporating a variety of more complex procedures
(submodels). The model retains thmodel Wurrencdf fresh and fozen fish at all levels (vessels,
companies, clients, global variables). Money, South African Rands (ZAR) and Euros, is added as a new
Wurrencydn the model. To capture aspects of the two existigigrrencie€in the model, thee are
distinct modelinputs of monetary values for the differenessel typs and the differenfish types

(fresh or frozen), where applicable. This allows differences in, for example, running costs for
different vessel types and different values obtained for fresh versus fromupt to be captureds
different inputs These price differences in turn have consequences for company prbétnew
parameters allow the capterof financial aspects of the industry such as sales values, operating
costs for companies and vessels, fpgte, foreign exchange value (Rand/Euro) and values paid for
KI1S o0& O 2pdey eSS H2AydSdd W

Structural and functional aspects of the model resemble earlier prototypes: there are eleven client
agents, and four companies that can each cawariablysized vessel fleet. Vessels take the form of
wet-fish stern trawlersthat land fresh fishand freezer stern trawlers or factory freezer trawlers,
which land frozen fish. Each of these three agent classes has the same traits and input vambles
described in detail in the previous chapters. But they have also been assigned additional attributes
and model inputs that allow for money to be captured in the model (see Tabléor a full list of

new inputs).
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Figure6.1: A variety of external dvers known to affect the offshore demersal hake trawling industry in

South Africa. Parameters newly captured ittakeSim 3.@re marked *** and those still captured from
earlier model versions as **lllustrations by Rachel Cooper.
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Table6.1: List ofall new inputs and monitors introduced itHakeSim 3.0n addition to inputs and outputs of previous versions.

Type Agent(s) it applies to Brief description
Input variables
fuel cost of factory freezer trawlers ZAR factory freezer vessels cost of fuéused monthly by an active vessel, = fuel usage * fuel price
fuel cost offreezer trawlers ZAR freezer vessels cost of fuel used monthly by an active vessel, = fuel usage * fuel price
fuel cost ofwet-fish trawlers ZAR wet-fishvessels cost of fuel usedhonthly by an active vessel, = fuel usage * fuel price
cost of active factory freezer vessels per month ZAR factory freezer vessels monthly cost of an active vessel, = fuel cost + other vessel costs
cost of active freezer vessels per month ZAR freezer essels monthly cost of an active vessel, = fuel cost + other vessel costs
cost of active vet-fish vessels per month ZAR wet-fishvessels monthly cost of an active vessel, = fuel cost + other vessel costs
fuel price ZAR entire model price per litre of fuk input monthly
fuel usage of factory freezer trawlers L/month factory freezer vessels quantity of fuel used by an active vessel in a month
fuel usage of freezer trawlers L/month freezer vessels guantity of fuel used by an active vessel in a month
fuel usage of vet-fish trawlers L/month wet-fishvessels guantity of fuel used by an active vessel in a month
Exchange Rate Euro/Rand entire model foreign exchange rate
monthly cost to L company per vessel ZAR large company costs to company based on theabhumber of vessels owned
monthly cost to M company per vessel ZAR medium company costs to company based on the total number of vessels owned
monthly cost to S company per vessel ZAR small company costs to company based on the total number of vessetedw
monthly cost to SC company per vessel ZAR supercluster company costs to company based on the total number of vessels owned
price paidfor fresh hake Euros/ton  dients price paid per ton of fresh haky clients (markets)
price paid forfrozen hale Euros/ton  dients price paid per ton of frozen hakg clients (markets)
Monitors
world cost of active vet-fish vessels ZAR companies sum of costs of all activeetfishvessels for all companies in one time step
world cost of active frozen vessel ZAR companies sum of costs of all active frozen fish vessels for all companies in one time ¢
world frozen fish sold value ZAR companies sum value of all frozen fish sold by all companies in one time step
world fresh fish sold value ZAR companies sumvalue of all fresh fish sold by all companies in one time step
world all fish sold value ZAR companies sum value of all fish sold by all companies in one time step
world all fish bought value ZAR dients sum value of all fish bought by all clients iredime step
world fresh fish bought value ZAR dients sum value of all fresh fish bought by all clients in one time step
world frozen fish bought value ZAR dients sum value of all frozen fish bought by all clients in one time step
world company short érm costs ZAR companies all costs incurred by company in one time step
world company profit ZAR companies all profit (i.e. fish sold valuecosts) by company in one time step
world uncaught quota tons companies all quota that was allocated to companyatwas not caught by vessels
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Table 6.2: Fuel used by vessels on a monthly basis, calculated on the basis of daily fuel use for a single
horsepowerunit. Data from the European Union (EUjemersal trawl fleets wereobtained from the STCEF

online databasehttp://datacollection.jrc.ec.europa.euand used to estimate daily valuef®r the SA offshore

hake trawl fleet.

daily fuel usage per single

horsepower (L) fuel usage pe month (L)
vessel type vesselenginesize (HP) industry* EU* industry* EU*
Wet-fish stern trawlers 1800.4 3.2 1.57 1272283 62470.1
Freezer stern trawlers 1125.8 3.2 1.57 79556.5 39062.9
Factory freezer trawlers 2886 3.2 1.57 2039440 100138.2

Vessés have different maximum capacities for fish, as specifie@hapter 5 and different sized
engines ice. registerpower Table 5.3). They therefore have differaminning costs and catch costs

per landed ton of fresh/frozen fish. Engine size is an ingrdrpart of the running cost of a vessel
catching fish. Fuel consumption per vessel type is therefore calculated based on engine size (Table
6.2). This relies on the simplifying assumption that fuel usage is directly related to engine size and
ignores othe factors, such as vessel shape, that can also affect usagejdlaishige is assumed to

be related toengine size (HP) rather than vessel typ@fortunately, although these assumptions

are simplifying, n the absence of perfect data (since real businéata on this are of a highly
confidential nature and not publically available) this is the best possible estifatealculate a
monthly fuel usage per vesset,is further assumed that vessels fish their maximumamber of
permit days (265 daysh oneyear, and that the annual fuel usage is spread evenly across ghe
months of the yearnot completelyunreasonable based on the results of company intervielige

use of 265 fishing days will also provide a final fuel usage based on the idea thatlds/astee the

entire month it is out fishing, which active vessels are assumed io tiee model The South African
industry-based estimate of fuel consumgxkr horsepowers used for standard runs. The fuel usage

of a vessel (L) &ccordingly

Fuel wsage per monti{L)=vessel engine siz¢&1P}¥ daily fuel usagéL/HPday) 265 fishing days peyear

12 months per year

152| Page


http://datacollection.jrc.ec.europa.eu/dc-socioeco/var/capital-value

The fuel cost of an active vessel for a one month igtep is then calculated as:

Vessel fuel cost (ZAR) = fuel usage per month (L) * fuel pricAJZAR...........ccccceee. 6(2)

An active vessel accrues additional costs to fuel, such as crew salaries and wages and additional
variable costglirectly related to fishing effort, catching or landing fish. These additional vessel costs
have also been described for the European demersal trawling fleet and were used to produce an
average per vessel cost (see Tabld). The total cost for an activeessel (ZAR) isalculated

accordingly as

Active vessel cost = vessel fuel cost + aduificessel costs ..., 6@3)

Not only active vessels represent a cost to companies. All vessels that a companywal,as a
O2YLJl yeQa ol &S NiHzyyAy3d SELSyasSazr | OONHS || Y2yilK
Table6.3) can include repairs and maintenance to all vessels and facilities an¢ariable costs like

rent of business premises. A total monthlyst(@ZAR) to a company is therefore calculated as:

Total cost to company = (no. active vessels * active vessel cost) + (no. vessels owned * CC)

The numbers of active vessels and total vessels owned as well ase#igrated costs are

differentiated into wet-fish, freezer, and factory freezer vessels in the model.

Companies also make revenfrem their hake sales to balance against the costs. At each time step
company agentsalculate the total revenue from all sales as the sfifrozen and fresh haksales

values Income from commercial bycatch or through other streams are ignored.
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TaHe 6.3: Estimates of monthly vessel running costet are based on data from the EU demersal trawl fleet
were obtained from the STCEF online databadettp://datacollection .jrc.ec.europa.eu Data were
manipulated to a daily cost per vessel and this was then scaled to a monthly value based on the 265 permit
days of the Suth African fleet, assuming an even cost distribution across 12 months of the year. Values are
given in AR based on the average Eu®ARexchange rate for the 2008 2012 period(appended Table
A6.2) that the EU data represents. *** company related costscosts borne by company irrespective of
whether vessel goes fishing and ** vessebsts¢ costs only inarred for active fishing vessels.

monthly cost per vessel (ZAR)

Average Minimum Maximum Std Dev
Crew wages & salaries ** 239206 161,670 309773 52,495
other variable costs** 144,155 95,626 188694 33,840
vessel costs (ZAR) 383361 257,296 498467 86,336
repair & maintenance*** 87,451 61,619 103537 16,156
other nonvariable costs*** 79,215 53,860 101,255 20,990
Company costs (ZAR) 166,666 115479 204,792 37,146
Total revenue of company = VF+Vvw a.5)
VF = sum for all clients of (quantity of frozen hake sold to cligpt ¢f client * XR).......... (66)
VW = sum for all clients of (quantity of fresh hake sold to cligug df client * XR).......... ©6.7)

Where VF is the value (ZAR) of all frozen hake sold, and VW the value (ZAR) of all fresh hake sold, by

a company in one timstep, pp is price paid byclient for fresh or frozen hake (Euros/ton), and the

XR is the foreign exchange rate of EwwdRiands (see Appendix Table A6.2or rates). The quantity

of hake available to sell is dependent on the amount of hake caught by a company on all of its
@pSaasSta Ay GKIG 2yS GAYS adSLIE 606KAOK Aa AdasStT
allowable catch and catch per unit effort, as per previous model versions) and on the fresh and

frozen hake processing efficiencies of that compdfiyce paid byndividual clients is input in the

model and, is based on real world time series of price gawdos/ton) for fresh and frozen hake, as

determined in theChapter 3 (see alsdppendix6, Tables A6.3 and A§.4
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Finally (accounting)profits are calculatedor individual companies based on the balance between
the total revenue and the total short ten costs, in each time steffNote that opportunity costs,
amortization costs and capital depreciation are ignored in thesdculatiors.) Longer term
calculations ohett profit which might be paid to shareholders are not calculated in the model. This
is due to the fact that long term costs such as, capital){ingestments, are difficult to estimate for
different companies and may represent costs that do not occur at fixed intervals or have fixed
values. Thus the profit estimated is a shorter term, gssountingprofit. The monthly profit (ZAR)

is calculated in the model as:

Company profit = Total revenue of compariotal cost to company................cceeeeeeeen.n. 6@8)

In the production of this model prototype, and in producing the abordes of behaviours and
inputs, a number of assumptionare made. These include some of the assumptions from previous

model versions, along with nevssumptions introduced (Tab&4).

During the implementation ofthe above model design in Netlogo 3.0ongoingdebugging and
testing of the modelis carried out. The modeis thoroughly analysed, tested sensitivity and
robustness analyses carried of@rimm and Railsback, 200%nd used to draw some conclusions
about the systemThe model behavious also calibrated withvalidated against obseations in the

real world toimprove/determinethe quality ofthe model output relative to its objectivegGilbert

and Terna, 2000Farmer and Foley, 200Starfield and Jarre, 20LThrough the use of a range of
scenarios based on the real world, the original research questions and interesting questibns th
emerged during the development of earlier model prototypes and stakeholder consultatien,
examined through hypothesis testinginally some insights on possible further scenarios for testing
and areas for future expansion and development of the madeldentified. These are discussed in

the concluding chapter.
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3. Results &discussion

3.1. Modeltesting

With the addition of eaclmew procedurethe model was debugged and testbg varying inputs and
examining outputs and model behaviour. Procedures wadependentlytested and some of the
basic procedures were aldndependently implemented in MicrosoftxEelto verify their outputs

Agent monitors and plots were also thoroughly scrutinized.

Ad hodesting was then completed on the final model prototyjxe order to test that the model was
functioning.Extreme valuesvere usedas inpusto the basic model interface, such as extremely low
or highfuel prices unrealisticvessel numbers, all frozen or fresh fish situaticars] zero values for

inputs, to determine whether the model behaved erratically.

A full sensitivity analysis wasubsequently undertakerio verify that no erroneous behaviour
remained in the modelSenario analyses weralsoconducted to examine whether the model had

interesting and rekbistic behaviours.
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Table6.4: A list of the assumptions made iHakeSim 3.@&nd explanations of why these assumptions were made.

Assumptions Why

In reality this is not true, but since offshore trawling accounts for 85% of the catch and the ¢
sectors were less active in recent years it meant the majority of industry could be captured \
only data on the major sector.

Other fishing sectors of hake (e.g. longline or inshore trawl) he
no effect on the fishing fleet, companies or clients in the mod

2 There is no storage of fish (eit.her fresh or frozen) by any age Storage would complicate the prototype making it difficult to analyse trends and conduc
between time steps sensitivity analyses. In the real world fish is sold relatively quickly, so storage by companie
be assumed to be negligible.

3 Vessel fullness is dependent on CPUE and the stochasticity  gased on the idea that each vessel catch is dependent on the catchability of fish. CPUE i
catching fish; measure of this, but there is also some environmental stochastiicty that can affect individu
catches. This stochasticity is a form of uncertainty. A CPUE of 1 indicates that vessels wil
average be 100% full (i.e. at maximum capacity) and O indicates empty; a stochasticity of 1 in
that a vessel catch can deviate by 100% from the CPUE, while 0 indicates that the vessel ca:
deviate by 0% from the CPUE

4 Fishing trips can be summed on a monthly basis Although in reality fishing trip length and turnaround time between trips differs by vessel ty

and companies. This simplifies the time-step of the model. The time step was selected to
compatible with OSMOSE ecosystem model to facilitate the possibility of future coupling
TradeMap data and DAFF data are easily available at the month level.

5 Companies catch their quota uniformly throughout the year (i.(

< IR In reality companies indicated that they tried to spread their catch evenly throughout the yei
quota weight is divided evenly among 12 months)

ensure constant fish supply to clients and keep employees in work.

6 Vessels are sent out fishing at random In reality some vessels are preferentially used, and over time other less used and usually
vessels have been retired. For the present model version itis simplerto select vessels atre
rather than assuming on what criteria vessel choice is made. For the fleet size at the time
consultation most companies indicated that they used most or all vessels during the yes
7 There are only three vessel types and these have fixed siz

In reality there are a few dual vessels, which have been assumed to be freezer stern trawn
Dual vessels presented a problem to model as they can either produce fresh or frozen fish. |
and industry data it was unclear how dual vessels functioned; in some cases they were soli

one company to another and changed vessel types, in other cases they changed vessel t
through time. This presented a challenge to model and as such they were ignored. Vessels (

fixed maximum capacities for fish and fixed engine sizes, but they are not fixed within ves

categories. Wetfish stern trawlers, freezer stern trawlers and the larger factory freezer traw
categories do exist though, and behaviour and fish caught differs between these categori:

attributes such as maximum capacity for fish and engine siz:

8 Fuel used per vessel type based on average engine size p
vessel category and a value of litres fuel used per single eng
horse-power and sea day is an accurate estimate of vessel f

usage.

Industry suggested that this was a good ball-park estimate when providing the data and thi
the best possible estimate of fuel usage that was available. Real fuel usage is confiden
information for companies and was not possible to obtain.
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Table 6.4 continued.

9  Costs to companies vary proportionally with number of vesse Again no real values of cost for individual companies were available, thus an estimate bas
owned European trawling counterparts was the best available data. Since larger companies owned
vessels it seemed logical that general running costs might increase proportionally with num
vessels owned. Also itis presumed that the more vessels owned, the greater the costs «
maintaining and docking vessels. Since European fleet data was given with explicit ves:
numbers it was easy to estimate a company cost per vessel from this data, making a per ve
value the easiest means of estimating cost to company for the South African example where
ownership was known.

10  Quantities of frozen product purchased by clients (internation:
figures) represents product that was sea-frozen and not prodt

that was caught on wetfish vessels and later land-frozen

In reality some of fresh product may later be frozen, butitis impossible to make reliabl
estimates. Itis therefore better to split fresh and frozen throughout the model.

11 Asingle average agent will represent the behaviour of all agel

of the same 'breed!(i.e. subtype of agent in Netlogo) This allowed companies with similar behaviour to be aggregated as single agents, allov

sensitivity analysis and monitoring of model function to be easier.
12 Offal and other waste has recently been reported to be taken back to shore and turned into w
fish meal which is sold. This accounts only a small proportion of the fish caught. This fish m
Fish meal is ignored in the model. marketis also a side market and does not bear any major weight in terms of income in relati
hake exports. Itis also difficult to identify any fixed quantitative estimates for revenue or volu

although both are said to be small. Itis therefore ignored for the purposes of the model.

13
Company agents were assumed to represent the combined re
world companies that fell into the classes small, medium, larg
or supercluster, as defined in Chapter 2.

Numbers of vessels, quantity of rights and processing efficiencies were aggregated for the re
world companies from the same class and represented by a single agent. Real world compa
from the different agent classes behaved similarly and had similar attributes, making it poss
to group them.

14 . . . . . .
In the real world specific companies do business with other companies with whom they have

contracts in specific countries. However, countries instead of companies that buy SA hake an
represented in the model to sum exports. Itis therefore assumed that having countries buy fr
companies at random will balance out. This assumption is necessary, because company-sp
data on clients and contracts is confidential, while export data at the country level can easily
accessed.

Individual countries bought from the companies at random.
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3.2. Sensitivityanalysis

Sensitivity analyses were conducted as describe@hapter4. Of importane, the standard100
replicate runs which were the optimum number of replicate runs in relation to computing time and
stable outputsper input value,were run inHakeSim 3.@sing the Netlogo v5.0.BehaviorSpace

tool. A full list of the input values usddr each of the model testsan be found in Appendig.
Outputs for every single input value test were then assessed relative to the standard run outputs (of
HakeSim 3.0and a sensitivity index was calculated, as per the approaCthajterd. The sensitity
results were then compiled and assessed. Criteria for judging the sensitivity index eatues

provided in Tablé.5.

Generally, model outputs were not very sensitive to company costs (Tab)e This isto be
expectedsince most outputs (e.g. warffish demand, world fish processed, or world fish bought) are
not directly relatedto this variablein any way.So too for the real worldeconomic theory says that
production should not be affected by overheedsts in the short ternbbut that it will beaffected by
variable costs like fudin the longer run overhead costs do matteBome sensitivity was expected
for company cost and profit outputs, but this can only be seen foratgut cost of running et-

fish vessels which shosd some sensitivity tdheir fuel usageanputs. The reason for less sensitivity

in company and vessel cost outputs than expected, is most likely due to the usage of an average fuel
price from the 2002012 time series; proportional changes in the quantity of fuel used by wessel
may havehad less of an effect on cost to companies at the fuel cost uz#&4.11). These same
proportional changes in fuel usage would be expected to have more of an effect on cost at a higher
average fuel price. In other words, fuel efficiency of eéswas expected to interact synergistically
with fuel price (and catch per unit effort) changes to affect cost to companies. Ttathigh fuel
costs and low CPUE changes in vessel efficiency weuikpected tohave more significance for
company cod® and hence profits. The other possibility is that the fuel used by vesss
underestimated. Unfortunately, without having access to (proprietary/confidential) real time series
of fuel usage thisvas impossible to verify, and the assumptions matheut how representative an
average oB.2L per horsepower per dag, must be accepted. Some sensitivity of company costs to
fuel price was observed (Tab#8), to add weight to the first explanation. During the consultation
phase, as discussed @hapter3, companiedndicated that although fuel price was the single biggest
contributor to cost, it did not affect core operations of the businasshe fuel price corresponding

to the time of the interviewsThey did state, however, that if fuel price increasetstantially irthe

future it would increase costs to companies, squeeze profitspmasiblymake fishing nofviable at
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some point. Interactions between fuel price and other varialalesexplored further in the scenario

analysis section.

Similar to tle model prototype thatHakeSim 3.@vas built upon, most of its outputdisplayediittle
sensitivity tothe fish processingfficiencyof different companies (Tabl6.7). The exceptions to this

were outputs of frozen/fresh fish processed and wasted, whige directly determined by how
efficiently a company procesdavholefishto fishproductsand how much it discaet. As explained

in Chapter 5 fresh fish wasted, anth this model versioralso the total value (as a product of
guantity) of fresh fish boug by clients,were affected by the processing efficiency of the large
company as itvas the company agent with the greatest number adtvfish vessels in the industry.
Similarly,the quantity offrozen fish wasted and total value of frozen fish boughtchgnts and
company profitwere sensitive to thevalue of themedium agen® fiozen fish processing efficiency,

since the medium agent contadl f I NHS LINBPLR2NIAZ2Y o6pd:0 2F GKS

All outputs of the modelvere sensitive to chnges in fleet structures, particularly to declines in
vessel numbers (Tab&7). This is because lower vessel numbergleni difficult for companies in

the model to catch their quota (as evidenced by the very high sensitivity of uncaught quota to these
inputs), and therefore reduakfish volumes and income from company sales in the model. Changes
in fresh and freezer vessetmturally affected fresh and frozen fish related outputs, respectively.
Model outputswere slightly sensitive to changes in largarpany quota, due to the fact that the
large company agent holds 52.9% of quota in the model and thereforamawerallinfluence on

the catching, processing and sale of fish for the entire model world. The quantity of uncaught TAC
for the entire model wrld was sensitive to changes in both medium and large company quota, since
medium and large companies are responsible for catching three quarters of the fish in the model (as
they hold 75.4 % of all quotajuggesting, that for a constant TAC, changesgunta distribution

have effects on harvesting, processing and sale of fish in the model.

Almost all model outputsvere sensitive to changes in catch per unit effort (CPUE, Ta®)leProfit

and uncaught quotavere extremely sensitive to this input. Tliésto be expected as changes in CPUE
affect both the quantity of fish caught and consequently supplied to all agents in the model, and the
cost of catching fish for companies. During the consultation phase companies identified CPUE as a
major factor affeding gross profit levels for the industry, along with total allowable catch and fuel

price (seeChapter Jor details). In the modetptal vessel costfor industrywere slightly sensitive to
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fuel price, but more sensitive to TAThis is because, thgreaer the TAC the more vessels needed

to catch it and therefore the greater the cost to companies and ergo the industry.

TAC and particularly a drop ints levels, has important consequences in the model, as shown by the
strong effect of azero TAC (i.eTACg 100%), on all model outputs (TalBe3). This is because TAC
directly sets the level of fish available for vessels to catch, and therefore for companies to process
and sell and clients to buy in the model. In the real world, companies can also ifighorbut this
behaviour is not captured in the model, as the model is primarily concerned with the catching and
processing of local fish, which make up the bulk of hake dealt with in the real world South African
industry. The only model output that wasampicularly sensitive to increased TAC was uncaught
guota. This is due to the fact that once quota is increased beyond a certain level, it is impossible for
the companies in the model to catch this entire quota with their given numbers of vessels. In this

case, vessel numbers would need to be increased to be able to catch the entire TAC.

Changes in exchange rate (Euro/Rand) inputsitrgortant consequences favutputs ofthe value

of fish bought by clients and consequently the profit made by compan#&dg®.8). This is because

the Rand value of sales is directly determined by the exchange rate in the real world, since export
clients pay a Euro price for fish. It is desirable and realistic that the model exhibis particular

sensitivity.

The modé outputs exhibied little sensitivity to either client demands qrice paidfor fish (Table

6.9), indicating that the model is more driven by the availability of fish and cost of catching fish than
by selling fish. This is probably representative of thal world, where companies have indicated
that there is a greater demand for fish internationalhan they can satisfys¢ée Chapter 3. It is
important to remember, though, that in the real world companies indidateat under unfavourable
economic condions, such as those in the years immediately following 2008, although there was still
a demandfor hakeit was for lower priced product or more highly processed prodiitie model
does not capture specific product groufisrough the value chairand therebre does not fully

capture this.
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Table6.5: Criteria for judging sensitivity analyses

- 0-0.001 relatively insensitive

0.001-
0.49 minor sensitivity (less than predicted)

0.49-0.99 slightly sensitive (less than predicted)

0.99-1.49 sensitive (as or slightly more than predicted)
1.5o0r
more extremely sensitive

N/A

Table6.6: Sensitivity of the model outputs to various company and vessel related cdst8. Yo 2f & 23X C | yR | etfish®® I oS NEDBishanadyna kT
all fish, respectivelyWhile L, M, S and SC stand for large, medium, small and scjester company agents, respectively.

Ave. world fish Ave. world fish Ave. world fish Ave. world fish Ave. world Ave. Cost Ave. world fish
Ave. world demand bought caught processed wasted active vessels  vessels bought value Ave. world Ave. world Ave. world
company company uncaught
F W A w F A w F A w F A FW FwW F W A costs profits quota
Leompany other costs 0002 0002 0000 0002 0.001 - 0002 0002 - 0.003 - 0002 0003 0003 0002 0003 0001 0004 0002 0070 0051 0.001
M company other costs 0001 0002 o001 0002 o001 0003 0002 0001 0002 0002 2 OQO01 @ OQudl 0005 0002 0002 0002 0005 0001 0003 0.0 0055 0.001
5 company other costs 0001 0003 o002 0003 0001 0001 0003 0001 0001 0003 OO0 Ouad2 0005 0003 0004 0003 0002 OOz 0002 0.010 ouo10 0.002
SC company other costs 0001 0001 0001 0002 0001 0001 0001 0001 0001 0002 0002 0001 0005 0002 0004 0002 0002 0001 0002 0.017 0.015 -
fuel used monthly factory 0023 0074 0013 0075 0022 0023 0074 0023 0013 0076 0018 Oud4 0034 0067 027 0067 0004 0072 0024 0.095 0.106 0.009
fuel used monhtly freezer 0006 0039 0010 0039 0007 0015 0039 0006 0010 0040 2 OO09 0023 0007 0032 0267 0032 0053 0039 0048 0.130 Ouoos 0.002
fuel used monthly wetfich 0002 0001 0.002 - 0001 0.002 - 0001  0.002 - 0001 0003 0003 0002 0576 0001 0001 0001 @ 0224 0.155 n.003
other costs factory freezer 0008 0013 0001 0013 0008 0001 0013 0008 0001 0013 0009 0006 0015 0013 0145 0003 0003 0012 0003 0059 0045 0.002
other costs freezer 0.025 0080 0013 0081 0022 0026 0080 0025 0013 0082 0012 0050 0014 0077 0294 0077 0004 0085 0029 0.159 0uo0e0 0.001
other costs wetfish 0.040 0076 0002 0077 0039 0015 0076 0.040 0002 0078 0032 0.040 0055 0076 0046 0350 0027 0076 0011 0.157 0.126 0.017
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Table 67: Sensitivity of the model outputs to various compasglated inputs. Symbols W, F and A are abbkel (i A 2 ¥tdish@ TA @& d FNB aK

respectively.While L, M, S and SC stand for large, medium, small and scpester company agents, respectively.

L fresh processing efficiency
M fresh processing efficiency
SC fresh processing efficiency
5 fresh efficiency

L frozen processing efficiency
M frozen efficiency

SC frozen efficiency

§ frozen efficiency

wvessels fleet max

wvessels fleet min

frozen vessels max

frozen vessels min

wetfish vessels max

wetfish vessels min

L company quota high

large company quota low
mdium company quota high
medium company quota low
small company quota high
small company quota low
supercluster quota high
supercluster quota low

Ave. world fish Ave. world fish Ave. world fish Ave. world fish Ave. world Ave. Cost Ave. world fish
Ave. world demand bought caught processed wasted active vessels  vessels bought value Ave. world Ave. world Ave. world
company company uncaught
F W A F W A W F W F W F A FW Fw F W A costs profits quota

0003 0738 0268 0003 0004 0001 0738 0003 0268 0818 0007 0541 0004 0002 0003 0002 0003 0748 0274 0.001 0.462 0.001
0003 0188 0071 0002 0003 0001 0188 0003 0071 0215 0003 0140 0003 0001 0003 0001 0010 0184 0.074 0.001 0.124 0.001
0005 0044 0013 0002 0005 0002 0044 0005 0013 0045 0006 0032 0004 0002 0005 0002 0005 0042 0019 0.001 0.032 0.001
0004 0043 0013 0011 0004 0003 0043 0004 0013 0025 0003 0017 0001 0011 0001 0011 0005 0043 0.019 0.004 D.ﬂ'29-
0299 QO01 0189 0001 0017 0010 0001 0299 0189 0001 1193 0408 0022 0003 0017 0003 0331 0007 0.206 0.006 0.352 0.014
0,487 0002 0308 0002 0003 0001 0002 0457 0308 0002 - 0614 0012 0003 0008 0003 0499 0001 0314 0.002 0.528 0.003
0.099 0018 0070 0018 0016 0004 0018 0099 0070 0019 0445 0140 0024 0019 0020 0019 0103 0020 0.072 0.001 0.122 0.002
0082 0009 0048 0010 0003 0004 0009 0082 OO0 0010 0302 0110 0004 OWOW0E 0003 0008 0080 0012 0.046 0.004 0.080 0.003
0,194 0412 0274 0410 0288 0291 0412 019 027 0408 0166 0326 0158 0411 0169 0411 0195 0419 0278 0.405 0.191 1.000
1000 1000 1000 1000 1000 1000 1000 1000 21000 1000 1000 21000 1000 1000 1000 1000 1000 21000 1.000 1.000 1.000 1.000
0426 0102 03233 0103 0417 017 0102 0426 0233 0105 0382 0061 03384 0103 03% 0103 0427 0099 0.233 0.229 0.237 0619
1000 0050 0615 0051 1000 0513 0050 1000 0615 0051 1000 0308 1000 O051 21000 0051 1000 0048 0614 0.515 0.682-
0150 0791 0195 0790 02150 0288 0791 0150 0195 0789 0148 0489 0163 0790 0158 0790 0151 0820 0.207 0.314 0.134 0997
0073 1000 0320 1000 0072 0425 1.000 0073 0320 1000 OO 0635 0109 1000 0095 1.000 O081 21000 0317 0.424 0.244-
0765 0297 0594 0301 0779 0557 0297 0765 0594 0305 0831 0485 0863 0302 0832 0302 0777 0282 0594 0.483 0.670
0241 0684 0404 0680 0229 0438 0684 0241 0404 0675 0184 0507 0110 060 0154 0630 0244 0664 0399 0.333 0.444 1473
0131 0235 0165 0224 0137 0177 025 0131 0165 0223 0160 0202 0099 0224 0113 0224 0134 0219 0166 0.137 0.185 0.861
0470 0175 0362 0177 0449 0323 0175 0470 0362 0180 0370 0245 0536 0177 0504 0177 0480 0167 0.365 0.291 0.415 1.050
0029 0031 0030 0031 0029 0030 0031 0029 0030 0031 0027 0029 0030 0031 0029 0031 0029 0030 0.030 0.025 0.033 0132
0062 0014 0044 0014 0075 0047 0014 0062 0044 0014 0122 0051 0036 0014 0050 0014 0065 0013 0.045 0.028 0.059 0.077
0055 0060 0057 0060 0.054 0057 0080 0055 0057 0060 0049 005 0053 0080 0053 0060 0055 0,059 0.057 0.047 0.064 0254
0076 0012 0052 0012 0095 005 0012 0076 0052 0012 0165 0084 0081 0011 0086 0011 0077 0012 0053 0.042 0.061 0.127
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Table6.8: Sensitivity of the model outputs to variou?A6 £ Q 6 A dSd Sy GANB Y2RSt 0 AyLWz diishQe xoghbaTANBak FHRKE F
all fish, respectively.

Ave. world fish Ave. world fish Ave. world fish Ave. world fish Ave, world Ave. Cost Ave. world fish
Ave. world demand bought caught processed wasted active vessels  vessels bought value  Ave. world Ave. world Ave. world
company company uncaught
F W A F W A W F A w F A w F A FW FWwW F W A costs profits quota

CPUE 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 0122 0051 0106 0051 1000 1000 1.000 0.066
exchange rate 0015 0024 0001 0025 0015 0003 0024 0015 0001 0025 0016 0011 0050 0023 0036 0023 0999 1024 1008 0.007 0.008
fuel price rand 0009 0004 OOD4 0005 0009 OO002 0004 0009 O0M 0005 0007 0001 0032 0012 0534 0590 0039 0002 0025 0.465 0.276 0.024
stochasticity of catching fish 0003 0003 0001 0003 O0O004 OO01 0003 0003 0001 0003 0006 OO0 0006 0007 OO004 0007 0001 0003 0001 0.001 0.001 0.049
TAC -100 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 21000 1000 1000 1000 1.000 0.829 1.117 1.000
TAC +100 0078 0050 OOB8 0051 0078 OO085 0050 0078 0068 0051 0077 0080 0121 0051 0105 0051 0081 0048 0069 0.066 ﬂ.n?i-

Table 6.9 Sensitivity of the model outputs to variouslient (i.e. market) related variables. Symbols\@, ' YR ! I NB I 6tdisN®G oM Sid 2/ NE 2@F TWHaAK S
and all fish, respectivelyPP stands for price paid for hake by international clients (countries).
Ave. wordd fish Awve. world fish Ave, waord fish Awve. wordd fish Ave., world Ave., Cost Ave. world fish
Swve. world demand bought caught procesed wasted active vessels  vessels bought value Ave. world Ave. world Ave. warld
company company  uncaught
F W A F W A W OF A W OF & W OF A FW Fw F W A - profits .
domestic demand 0313 o0EF 0350 Q007 0008 0002 0004 OO0OE 0 QOD3 OO0 000 O00F 0004 Q003 Qo03  O00e OO0 Q0T QUoDd Q010 QuOls 00l 0005 0016 _
other countries demand OEE OO0 0030 00k 000F 0001 OO0 OOF o001 0002 003 0001 o002 o003 OO0 OO0 2O0l0 OO0 Q010 0015 @ oole ooos 0005 0u002
£ pain demand 0191 O7sr 0339 0005 00 0002 000 0006 001 0004 0005 000 0005 0005 0001 0008 0005 0008 OO0 0001 OO0S0 0019 0002 0.031 0.0M
UK demand 0037 0145 0052 0001 |:|.|:|:|1- .00z |:|.|:|:|1- OLO0E |:u:|:|1- |:|.|:|:|1- 0001 0001 |:u:|:|1- |:u:|:|1- 0105 O3S 0001 0L06S 0001
|prop Fracen domedtic (o= Ools o0 o011 o0 O0E 0011 o0 Oi0ls G011 Oond o007 001 013 OO0e  OUOed  OUOOs Ul OU1sd Uds 0042 0047 0013
|prop frozen other count ries o11s 034 0057 od:  00sT M7 0057 0034 Oz O00sE OUOs0 Q0sSs U113 Ooes  O0ER O0ee 0077 O0sd Ouold 0063 0u019 0012
|prop fraen !p'n o=arT Ooos  Oo01 o003 o001 OO OuoOr  OUo0l  OuodE  OUOD3 OO0l o003 0001 001 2 OO02 0010 0 OuO03 ouonl I:I.IIII- 0003 0,002 0,005
|prop frozen UK o11s O0E 0010 QoD@ 0010 OOF 0001 0010 OO0 @ O00F 2 O010 0010 0003 0035 0011 0018 0011 O00s o068 OUEs 0004 0050 00
ppfl\!!hdmﬂit g1 I:LITJ'I:I- 00F1 QU0 001 007 I:I.I:H-l- 007 oEs 0Es 0037 007 0033 0072 oo0sd 0074 ouosl 0014 0112 0u008
ppfl\t!h i'tlh' Q014 o0 QODE 0003 Q07 QO0E OO0 Q014 OO00E  OODd  O00E 0007 O0ss  OO0E Q04 QO0E  OODE QOO QuoaT 0,018 0,024 0004
ppfl\!!h-ﬂ-ﬂ'bﬂ' countries o0l 0030 QoE 003 OO0OE 0011 0000 o0l 00XE OO0 0010 0017 003 0017 O0E 0017 000 Oods oo 0010 007 000
ppfl\t!h :pa'n Q0I0 QO3 Q007 O0E3s OOE 0013 0Es o000 o007 I:I.I:IE- o024 43 Qe 0O@s OOF9 0013 0453 Q7T 0023 0.283 0u002
ppfmundome!uic oois O2E QoE O0FE OO0E o U2E o0de OQ0E 0079 0030 O000@ 0001 2 O0@E o013 OOE 0715 o033 0137 0005 0218 0,006
ppﬁmenital'll ool I:I.IIB- 003 OO0 0001 o003 I:IJIII- Oo0E o0l OO0 o0l OO0 QU001 Ouond 0102 Qo0 OUosd 0001 0109 0002
ppflmenﬂ'ﬂ‘bﬂ' oountries oo0d 0017 Qoo 0013 0o 0003 0017 oold 000F Q01 000 003 0003 20012 o002 0013 O0s]l 0013 o3 0004 0,071 -
ppﬁmen q:u!'l'l oo0d O0ls OoE O0ls OO0 2 O00e O0ls oOo0d OO0 oO0ls 000k 0011 0015 o005 o00E 2 Oo0s O00eT o013 O0sT 0,006 0,100 0,002
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3.3. Scenariaesting

To answer some of the core questions of this study, i.e. theapgee for which the model was
developed, a number of scenaria®re posedhat were informed by real world questions and ideas.
Some additional questions and scenarios that emerged from the industry consultation peese

also explored.

For all scenar® 100 replicate runs of the inputs were madeHakeSim 3.@ising the BehaviorSpace

tool of Netlogo 5.0.1.The output values were recorded at every time step.

3.3.1Company strategy and risk

A meanvariance analysis of profit versus risk in profit was conduotethe different companies in

the model under different levels stochasticity of catching fish(i.e. environmental uncertainty), to
determine their different strategies for trading off profit against risk with different levels of
uncertainty. Three less, low (0), medium (0.5) and high (1), were usedtashasticity of catching
fish inputs for the model and all other inputs wereeld constant for replicate runs. The output of
profit at each time step was collected for individual companies and thisaggeegated between
replicate runs to determine average profit and standard deviation of profit per company, plotted in
Figure6.2. In the context of this analysitsk isdefined asa calculated parameter, while uncertainty

is something that canndte quantified.

Companieshad distinct strategies for trading off profit against risk. Lardellowed by medium
companiesmade the greatest levels profit, but also tHahe highest risks, indicating that théyad
relatively more risky behaviour (i.e. they wenrdativelyless riskaverse) On the other handsuper
cluster followed by small companies dethe lowest profits, but alsodre much less risk, i.e. they
were relatively more risk-averse. For all companies as stochasticity levels incdeat®viation in
profits i.e. financial risk, also increasedithough the large company nda a higher profit than its
medium counterpart, large company risks chatigauch more drastically with uncertainty in
catching fish (i.e. stochasticity) than medium company riskis At low (0) and medium (0.5)

stochasticity levels the large companydhlbbwer risks than the medium company, but at high

" Where stochasticity of catching fists thelevel of randomness by which CPUE varies in the catch of each
vessel in each timstep; avery broadbrushproxy for environmental uncertainty, as definedTiable 51.
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stochasticity (1), large company risk surpasseedium company riskThe large companyn the
model appeared to bethe most vulnerableto stochasticity of catching fiska coarse proxy for
environmental uncertainty in terms of itsincreasedrisk at high stochasticity levelsbut it
maintaired high profits.Medium companies with slightly less profiere less prone to fluctuations

in risk that was associateavith increasedstochasticity of catching fish

Changes in company strategy in terms of trading off profit versus risk are likely to be partially linked
to quota. Large and medium companies have a larger share of quota and therefeeenore
access to economies of scope and scale than smaller companies, allowing them to buffer larger risks
(i.e. their riskier strategiesor relativelyless riskaverse strategigsthrough the large volumes of fish

that they process and sell, allowingem to take advantage of the high profits this strategy yields.
Fleet size and configuration is another very important factor that is likely to affect how companies
are affected by the stochasticity or uncertainty of catching fish. This is especiallgiter that

costs, profits and other outputs in the model were shown to be quite sensitive to changes in fleet

structures. Therefore it was of interest to assess the effects of fleet size on company profit and risk.

3.3.1The effect of fleet size on profit andk

A meanvariance analysis of profit versus standard deviation in profit (i.e. financial risk) was
conducted for different fleet sizes and configurations. This analysis was designed to help to shed
light on the trend of decreasing vessel numbers throtighe. In this scenario analysis the model
inputs were modified so that there was only a single functional company agent that represented the
entire offshore demersal trawling industry. To do this all vessels and all quota were assigned to a
single companygent, and all other companies were allocated zero quota and vessels. Different fleet
sizes and compositions were compared using historical data of actual fleet compositions from the
past €ircal983, ¢.1995, ¢.2005, ¢.2011, ¢.2013) and using some hytaathecenarios where the

fleet size from 2013 was manipulated to be all fresh vessels or all freezer vessels and where total

fleet size was made unrealistically small (Table 6.10).
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Figure6.2: Economic mean variance analysis for model companies urdiéferent levels of stochasticity of
catching fish. For each company the average monthly profit is plotted against the standard deviation in
monthly profit for 100 replicate model runs of each of three scenarios: high (1), medium (0.5) and low (0)
stochadicity of catching fish.
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Figure6.3: Economic mean variance analysis for company fleet size. Only one company is used to represent
the entire industry and different fleet sizes and compositions from the past, as well as hypothetical
scenarios, are usetb assess tradeffs in profits and standard deviation in profit (i.e. financial risk) under
average model conditions.
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Table6.10 Inputs of vessel numbers used in the mean variance analysis of fleet size and configuration on
profit and financial risk (ie. deviation in profit). Historical fleet composition was calculated from data
courtesy of DAFF. Fleet composition for c. 2013 was based on data courtesy of DAFF and SADSTIA. The c. is
an abbreviation ofcirca, meaning that these values reflect average sael numbers for approximately the

entire year, since fleet configurations sometimes change within a year.

all all
Values in analysis €.1983 ¢.1995 ¢.2005 ¢.2011 c.2013 low freezer** fresh**
number of wet-fish 121 67 74 42 23 5 0 52
number of freezes* 33 20 28 17 21 5 33 0
number of factory
freezers* 13 8 10 7 8 5 19 0
total 167 95 112 66 52 15 52 52

* for years other than 2013 the number of factory and freezer trawlers is approximated as only a frozen vessel valum éxéstieda and
dual vesels numbers were divided betweeretfishand freezer trawlers.

** all freezer and all fresh use present values, but remoeg-fish or freezer vessels and give to other

category

Thedall freezeé fleet yielded the highest profit, but also dire the highest risk (Figuré.3), while a

fleet comprised oftall frestE (i.e. wet-fish) vessels yieked the lowest risk and the second lowest
profit. The real world fleescenario inputs all had mixed fleet of freezer andet-fish vessels and
presentd outputs of profits and risks intermediate taall freezeé and éall freskE hypotheticalfleet
inputs, indicating thathe modelworld reflected the real trade-off of profit against riskthat real
companiesexperience wherdesignng their fleets. This coincidesith what emerged very clearly
from industry consultation. That is, in the real world companies indicated that freezer trawlers were
much cheaper to run than et-fishvessels per kg of landed fish and that frozen product could yield a
higher profit to indugry. However,they alsoindicated that the use of only freezer trawlers could
significantly increase risk in the business, particularly because th&easmn hake market has been
known to change very rapidly with prices often unexpectedly falling lamedyto competitionon

the international marketwith Argentinean hake. Companies indicated that shiftawgirely to
freezer vessels might yield high short term profit gains, but low-teng price and markestability

(see Chapter3 for details of industy consultation). Fresh product (i.e. that landed owetsish
vessels) has more end product options and therefore flexibility in terms of what markets it could
cater to. These resultprovide an optimistic view of the realism of the modsincethe profit-risk

trade-off between fresh and freezer vessels from the real waréd observed in the model.
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In the real world industry as a whole has opted for a mixeeétfish and freezer trawled product
approach, which presumably, according to industry consultabialances risks and profits. This was

again observed in the model.

For scenarios of real, historical vessel numbers, all profits andwigles quite similar. Comparing
these historical scenarios, the fleet from 1995 yéalda high profit for the lowetsrisk, while for
similar profit levels the 2005 fledtore a higher risk, whiclwas interesting since the number of
vessels in 200&vas higher than the number of vessels in 1986this case increasl vessel numbers
resulted inincreased risk. The 201leét madea slightly higher profit than other years, butda
slightly higher risk thathe fleets from the earlier years. Given that the 2011 fleeds just above

half the size of the 2005 fleet it probably represedita lower cost and given that compaipsts
might be underestimated in the model, thiigely explains the needor companieso reduce fleet
sizeover time Additionally there is the effort restriction regulation, whickas not fully captured in

the mode| and the aging nature of the fleell of these represent incentives to industry to reduce
fleet size thatvere not fully captured in the model. These incentives, thqugtre clearly traded off
against a loss in profits and an increased risk. This can be seen in the asiatgssverylow fleet

size represered the lowest profit to industry, but still a moderate level of riskhis would be an
unfavourable situation for the industry. Indeed at no point in history has the vessel number ever
dropped this low, presumably because this stgy has negative financial implications for
companies and would also be a situation where catching the average allocated quota would be
difficult. Thisfact, that industry must operate within a certain level of acceptable profit and, risk
might also explai the clustered nature of fleet composition in terms of profits and risks through

time.

Interestingly some verification for the careful tradéfs between risk and profit and the nature of
industry to optimize fleet size to remain within a certain legeprofits and risks is that 2013 fleet
composition showd a reduced profit for an increased risk. This might explain the observations that
i) in 2014 for the first time in about a decada new vessel was purchased in the industry, increasing
A Y R dzacaphidiyQfér catching fish, anii) companies leased vessels increasing their effective

capacity without increasing vessel numbers in the industry.
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3.3.2The importance of fuel price

Fuel price and profitability

The effect of future increases in fuel pri@stimated by diesel prices, although some ships may use
different fuel types)was examined on company profitabiliby running a variety of scenarios with
different fuel prices. Fuel price inputs to the model were varied as indicatddhle 6.11, while dl

other input variables were kept as per the standard run. As fuel price increased costs to all
companies increased and profits decreased proportion@igure 6.4)At double the maximum fuel
price from the 200Q; 2012 time series (max + 100%AR18.783per litre) profits of all companies
dropped to 0. Beyond this price they berne negative (i.eturned into losses). These resuligere
based on all other variables remaining at average levels. The question that follows fraimethis

what happens wherfuel price interacts with other variables such as CPUE, exchange rate and
market value ohake given that profitabilitywas shown to belirectly influenced by fuel price and
increases in fuel price aloneaused modekompanies to become unprofitable. Coarpes have
indicated the importance of these other variables in consultatiod the tradeoffs and interactions
between variables. hbderstandingsuchtrade-offs between these different variables is one of the

central questions of this thesis. The scenatioat follow examine some possible interactions.

Table 6.11: Model inputs used in the analysis of fuel price on company profitability. The average, minimum
and maximum fuel price values are indicative of those from the time series of diesel fuel pfices 2000¢
2012Data courtesy of the offshore demersal trawling industnpadditional scenarios of max +50% to max +

200% represent percentage increases on top of the maximum fuel price from the real time series.

Fuel price

(ZAR)
Ave 4.110
Min 1.574
Max 9.392
max + 50% 14.087
max + 100% 18.783
max + 150% 23.479
max + 200% 28.175
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Figure6.4: Model outputs of company profits and costs for different fuel price levels per litre of diesel. Dots
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company agents in the model. All outputs at each fuel price represent monthly (tistep) valueand are

averaged for the 100 replicate model runs.

Interactions between fuel price and CPUE
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To examine interactions betwednel price and CPUE a number of scenarios for different levels of

these variables were run (Table 6.12). Since ZAR18.783/Lowad fo be the fuel price at which
02
price scenario. Sincewtas only double the maximum for the 20@D12 time series idid not appear
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There were clear interactions between CPUE and fuel price in determining the costs and hence

profitability of companies (Figure 6.5). All companies made a loss when catch per unit effort was

low, irrespective of fuel priceFuel price however, determined how big the loss was, the higher the

fuel price, the greater the loss (negative profit). Tivias because costaere much higher at low
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CPUE than high CPUE and higher at high fuel prices than low fuel prices. When CPlgfa was
companies all made a profit and the lower the fuel price, the greater was the profit. CPUE had a
greater overall effect on whether companies remained profitable or not. This is due to the fact that
CPUE has a twold effect: firstly it influences theatch cost per ton the lower the CPUE the
greater the effort spent and the morkiel needed to catch the same quantity of fish, and secondly,

it influences the maximum catching ability of companjégsCPUHs low and with all vessels active it
may stll be difficult forcompaniego catch all of their quota, meaning that their overall profits are

likely to be reduced through lower volumesfish availabldor sale.

Table 6.12: Inputs of fuel price (ZAR) per litre of diesel, catch per unit effo@RUE) and stochasticity of
catching fish as used in scenario analysis of interactions between fuel price and CPUE. Fuel price values are
based on real time series for the 20@02012 period, where high fuel price is double the maximum from this
period (i.e the value identified as the point where companies shift from making a profit to not) and low fuel

price is the minimum from this period.

Fuel price (ZAR) CPUE* stochasticity
Both high 18.783 1 0.5
High fuel, lowCPUE 18.783 0.1 0.5
Low fuel, highCPUE 1.574 1 0.5
Both low 1.574 0.1 0.5

* a zero value for CPUE is not used as 0 means no catch at all
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Figure6.5: Costs and profits of companies (million ZAR) under different scenarios of fuel prices and CPUE.
SC, S, M, and L stand for supduster, small, medium, and large companies, respectively and WV and FV

stand for wet-fish and freezer vessels, respectively.

Interactions between fuel price and stochasticity

On top of the interaction between fuel price and CPUE there is another comptméme certainty

of catching fish which is captured in the model through the variéhie § 2 OKIF a G A OAG& 2F O
CKA& GFNARFIOtS ff2¢6a a2YS dzyOSNIFAyGe Ay GKS Ol
since the stochasticity coefficienlictates how stochastic the CPUE is for each fishing trip. It is in
essence an attempt to incorporate some environmental uncertainty into the model. Scenarios of
average and high stochasticity in situations where fuel price is low and high were explatad (

6.13). Low stochasticity scenarios were not considered, since in reality there is always some
environmental uncertainty in catching fish, even in ideal circumstances, thus a low stochasticity

environment is uninformative for interpretation of the mebresults in the real world.
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When fuel price was low companies made a positive profit, but when fuel price was high companies
made a loss (negative profit), irrespective of stochasticity (Figure 6.6). In other words, in the model,
fuel price was a moramportant determinant of cost and hence profit levels than stochasticity of
catching fish. Increasing stochasticity, however, increased costs and thereby reduced profits. This
means that uncertainty reduces potential profits in favourable conditions, amddcander certain

unfavourable conditions be the nail in the coffin that pushes companies to make unbearable losses.

Table 6.13: Inputs of fuel price (ZAR) per litre of diesel, catch per unit effort (CPUE) and stochasticity of
catching fish as used incenario analysis of interactions between fuel price and stochasticity. Fuel price
values are based on real time series for the 20902012 period, where high fuel price is double the
maximum from this period (i.e. the value identified as the point wherermapanies shift from making a profit

to not) and low fuel price is the minimum from this period.

Fuel price (ZAR) CPUE* stochasticity
High fuel, high stochasticity 18.783 0.5 1
Low fuel, high stochasticity 1.574 0.5 1
High fuel, ave stochasticity 18.783 0.5 0.5
Low fuel, ave stochasticity 1.574 0.5 0.5
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Figure 6.6: Costs and profits of companies (million ZAR) under different scenarios of fuel prices and
stochasticity. SC, S, M, and L stand for supkrster, small, medium, and large companies, pestively and

WYV and FV stand for at-fish and freezer vessels, respectively.

Interactions between fuel price and exchange rate

Local fiel price andexchange rate are usually linked. In general when exchange rate increases (i.e.
the South African Randevalues), fuel price increases, since oil is priced in US dollars. But at the
same time, since hake is an export market, a higkeard value equivalent is obtained for the same
Euro price of exported fisiCompanies discussed this point during the considtaphase explaining

that often when the exchange rate increases th@and) revenue increases, but so does their fuel
cost. Thus profit does not always increase. To explore this in the model, scenarios of different
Rand/Euro exchange rates and fuel psicgere exploredThis included scenarios where fuel price
and exchange rate follogd the same trend and cases in which fuel price changed due to changes in

the oil price rather than the exchange rate (Tabl&4).

The value of fish sold increabsubstarially when exchange rate increaséi.e. when theRand

devalua), and the costs to companies incredsghen fuel price increask but to a lesser extent
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(Figure6.7). The resulting interaction between costs and revenue deterthprefits for companies
i.e. at some brealeven point fuel price and exchange ratesuld intersect and profitsvould be
zera When fuel pricavas high but exchange ratgas low (i.e scenarios wher¢he world US $ price
of oil increases substantially and tRand is strengthenedgainst the Euro), companies of&aa loss.

In the opposite scenario, where fuel prieeas low but the exchange rateas high (i.e scenarios
where the world US $ price of oil decreases substantially andRdmed weakens against the Euro)
company costs declatd and the value of fish sold increabsubstantially, resulting in a large profit
made by companies. The scenarios where fuel price and exchangeveatelinked were more
realistic and therefore interesting scenarios. In cases whereweg linked (i.e both high and both
low), companies maintaéd positive profits. These profitarere greater when both fuel price and
exchange ratavere high than when bothvere low. Of interest, though, the increased value of fish
with a devaluedRand outweigled the increased fuel cost, leading to a positive profit. This means
that companies would likely be able to maintain profitability in the face of higher fuel plige® a
point) if the Rand was devalued.rhportantly these resultalso suggest that exchange rateheve

CPUE and other variables are average, can outweigh the effect of fuel price on profit.

Table6.14: Inputs of fuel price (ZAR) per litre of diesel and exchange rate (Euro/Rand) as used in scenario
analysis of interactions between fuel price and stieasticity. Fuel price values are based on real time series
for the 2000¢ 2012 period, where high fuel price is double the maximum from this period and low fuel price

is the minimum from thisperiod. Ahigh exchange rate is double the maximum and low istminimum of

the 20032014 exchange rate time series from oanda.com.

Exchange Rate

Fuel price (ZAR) (Euro/Rand)
Both high 18.783 30.031
High fuel, low exchange 18.783 7.297
Low fuel, high exchange 1.574 30.031
Both low 1.574 7.297
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Figure 6.7: Costs and profits of companies (million ZAR) under different scenarios of fuel prices and
exchange rates. SC, S, M, and L stand for stghester, small, medium, and large companies, respectively

and WV and FV stand foret-fish and freezer vessels, respeeely.

Interactions between fuel price and market value of fish

Another question of interest is given a fixed exchange rate and an increase in world fuel prices,
resulting in a higheRand cost of fuel, to what extent would the Euro equivalent markduieaf fish

need to increase to compensate the loss incurred by increased fuel costs. Scenarios of gifieeent
paid bycountries for hake (i.e. market value of hake) with high fuel pweee run to explore this
(Table6.15).

As theprice paid(pp) by countries increasgthe value of fish sold and consequently company profit
increasel (Figure 6.8)For a fixed average exchange rate and the average market value @tdish

averagepp), a high fuel price resudd in lossesbeing made at (current) aveage conditions firms
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had a tight profit marginin other wordsthe model suggests thathould US$ fuel price increase and

the international market price of hake not increas®mpanies would make a loss. However, even

an increase of market value by 25%r@ss the board for countriewas enough to causenodel
companies to make a profit under high fuel price and fixed exchange rates. Any increases in
international market value of hake above this further increhpeofits through direct increases in

the vale of fish sold by companies. This means that should costs like fuel increase for companies,
they could make a profit by increasing the market value of their product. Companies of course have
little ability to influence market value for hake, as they are@rakers in thecurrent international

hake market (as described during industry consultation). They do however, have the ability to value
add their product and shift towards a product that yields a higher Euro value per ton, as this would
have the sameféect as increasing market value for hake. Indeed, this type of product displacement
towards a higher value (and lower catch cost value) product was seen in the export data analysis
where companies switched from whole fresh fish towards value added frpm®tuct, which had a

lower catch cost per ton and a higher international market value per ton.
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Table6.15 Inputs ofprice paid bycountries for fresh and frozen hake (Euros/ton) under a scenario of high fuel price. Average scenarios represenetiaga@ market
GrtdzS 2F KIF1S 09dz2NBQakiG2y v 7F28011)asNki@ndied e dafaidednBated Fr@middel &pSsedAipdh#ix6RTabienAs. for
details). Theprice paid bycountries for fresh and frozen hake are simultaneouslyrieased by a proportion of 25%, 50%, 100% dt®% above the average value in the
scenarios ave+25%, ave. + 50%, ave. + 100% and ave. + 150%, respethigedpbreviationUSA is for the United States of America.

fuel price United Other
(ZARL) Domestic*  Australia Fance  Germany Italy Netherlands  Portugal Spain Kingdom USA countries
price paidfor fresh (Euros/ton)
3480.5
Average* 18.783 231529 5073.08 2234.64 2382.12 5564.84 2419.34 2 2386.99 1858.59 5791.46  3302.23
4350.6
Ave + 25% 18.783 2894.11  6341.35 279331 2977.65 6956.05 3024.17 4 2983.74  2323.24 7239.33  4127.79
5220.7
Ave + 50% 18.783 347293  7609.62 3351.97 3573.18 8347.25 3629.01 7 3580.48 2787.88 8687.19 4953.34
6961.0
Ave + 100% 18.783 4630.57 10146.16 4469.29 4764.24 11129.67 4838.67 3 4773.98 3717.18 11582.92 6604.46
8701.2
Ave + 150% 18.783 5788.22 12682.69 5586.61 5955.30 13912.09 6048.34 9 5967.47  4646.47 14478.65 8255.57
price paid forfrozen (Euros/ton)
Average* 18.783 2186.30 3489.87  2348.55 811.16 1882.98 1576.86 214550 211876 2233.69 2814.20 1749.70
Ave + 25% 18.783 2732.88 4362.34  2935.68 1013.96 2353.73 1971.08 2681.88 2648.45 2792.12 3517.74 2187.12
Ave + 50% 18.783 3279.45 5234.81  3522.82 1216.75  2824.48 2365.29 3218.25 3178.14 3350.54 4221.29 2624.55
Ave + 100% 18.783 4372.60 6979.75 4697.09 1622.33  3765.97 3153.72 4291.00 4237.52 4467.39 5628.39 3499.40
Ave + 150% 18.783 5465.76 8724.68 5871.37 202791 4707.46 3942.16 5363.76  5296.90 5584.23 7035.49 4374.25

*Average calculated from existifgadeMap time series oprices paid per ton of hake exports for the years 2@031and domestic price
based on the world average from the TradeMap time series
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Figure6.8: Costs and profits of companies (million ZAR) under different scenariopride paid bycountries
for hake. SC, S, M, and L stand fuper-Quster, Small, Medium, andLarge companies, respectively and WV

and FV stand for wt-fish and freezer vessels, respectively.

3.3.3Interactions of TAC and CPUE with company fleets

During the consultation phase compies reported that mismatches between TAC and CPUE (i.e.
TAC high and CPUE low) could make it difficult for companies to downsize their fleets or for
companies with downsized fleets to catch their entire quota. It was suggested that if mismatches
betweenTAC and CPUE occur because of time lags in CPUE being incorporated into hake population
predictions and therefore TAC recommendation, that it could lead to mismatched fishing capacity
(i.e. number of boats) and CPUE and consequently desynchronized innesimeessels (see
Chapter 3) To test this idea the structure of the industry was modified through different
initialization values to inputs (Tab&16). Four equally sized companies were created in the model
with equal shares of the quota, but with vessiumbers equal to the entire industry fleet in 2013,

double this number, half this number or no vessels at all. The model was then run with different
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scenarios of TAC and CPUE to explore whether mismatches could affect the levels of uncaught fish

and prditability for different fleet sizes (Tab&17).

In the standard model run (Figu6e9.a and b), where TAC and CPUE are held at an average level, all
fleet sizeaveNBE LINR FAGF 60t S |y Rugliits Qrisportib® af YAQ! (iye &heneeretné S O
dzy Ol dz3K{ FA&KSE gAGK GKS SEOSLIiA2Yy 2F y2 @SaasStad
as a control that verified that the fleet size variables were behaving as expected and becauke it ha
outputs of zero in all cases it is not discusiather.) Of all the TAC and CPUE scenarios the average
input scenario yieldd the maximum profit for all companies in the model (i.e. all fleet sizes). The
scenario of TAC being at an extreme high and CPUE at an extreme low regaessithation where

the industry mde a loss regardless of fleet size. The larger the fleet, the higher the vessel running
costs and costs to companies and the greater the loss. The quantity of uncaught fish in this scenario
was also very high for all fleet sizasd evenincreased with fleet size. In the casehere TACvasat

a realistic maximum and CPWM&sat a realistic minimum the normal (i.e. 2013) fleet size wdld

the greatest profit, followed by the half normal fleet size. A fleet of double the present sizeedcur

the largest costs and nda the least profit in this scenario. In this scenario companies with the
normal fleet and double fleet size also mandde catch their entire allotted quota, while a fleet

half normal size id not. In scenarios where TAGslow and CPUBRvashigh all fleet sizes yietdl a

profit. Half the normal fleet size nda the greatest profit and profit decreadawith increasing fleet

size, due to increasing maintenance costs to companies with increasing vessel numbers. When TAC

was low and CBEwas highthe ertire allotted quotawas caught regardless of fleet size.

Given these findings it seems that in all circumstances other than whereavag\kigh and CPUkas

low, it was favourable to have a smaller fleet than the present size (2013 Valuésrms of profit,

since all quotaouldstill be caught andhe cost to companyvas lower. If no mismatches where TAC
was high and CPUE was low occurred it would seem efficient then for companies to have smaller
fleets, if profitability was to be cordgred. The only benefit of having a normal fleet size teeams

to be to maximise profitability and reduce the risk of not catching the entire allotted quota when
TAC is high and CPUE is low. Double the current fleet size would help to buffer even mare fo
extreme situation, but since a larger fleet size carries a larger cost, the logicaldtifafde industry
appears to be to settle for a normal fleet sizghich is what they have done in the real world
conclusion, it is also important to note thamismatches in TAC and CPUE have economic
consequences for companies if they are to go out catching and ensure that they catch their quota,

which companies suggested they did to ensure renewal of rights in future.
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Table6.16: Inputs used to create thedur company agents during the initialization of the model.

Taking the place af Large Medium Small Super-Auster
present

Values in analysis industry double half none
Number of wet-fish 23 46 12 0
Number of freezers 21 42 11 0
Number of factory freezes 8 16 4 0
Quota 0.25 0.25 0.25 0.25
Frozen processing efficiency 0.75 0.75 0.75 0.75
Fresh processing efficiency 0.52 0.52 0.52 0.52

Table6.17: Scenarios of TAC and CPUE explomethe model The standard average run used average values

for all variables apart from the initialization of the company variables described in tablé6. Mismatch of

CPUE and TAC scenarios either used realistic values of maxima and minima from real time series of TAC and
CPUE, courtesy of DAFF, or extreme values thaten150% of real maxima or 50% of real minima. Input of

CPUE is limited to a maximum of 1, since it is a value from a transformedlessscale of G1.

TAC(tons) CPUE
Sandard average run 143000 0.724
Realistic: TAC high, CPUE low 166000 0.376
Extremes: TAC high, CPUE low 214611 0.1
Realistic TAC low, CPUE high 103000 0.956
Extremes: TAC low, CPUE high 71537 1
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Figure6.9: a) Costs and profits of companies (million ZAR) and b) the quantities of hake caught or (hake

guota) not caught by vesels, under different scenarios of TAC and CPUE. Apart from normal, half, double

and no fleet, which correspond to fleet sizes relative to the 2013 fleet size, all variables correspond to the
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vessels, respectively. * The scale of 9b) represents hake quantities with the exception of active WF and FV
numbers as specified on left axis, which represent vessel numbers (nominal scale).
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4. Summaryof findings

The final version of the model behaved realistically despite imperfect parameterization. It produced
some interesting outputs that coincided with real world observations, and verified hypotheses put

forward following industry consultation.

From thoraigh sensitivity analyses, the model was found to be sensitive to changes in fleet size, the
quota of large and medium companies, catch per unit effort, exchange rate and (most expectedly)
situations where the TAC was reduced to zero. This indicated teahtidel was behaving as a good
approximation for the real world, as these were all factors that were indicated as being important
drivers of the industry from stakeholder consultation and expert opinion. The one exception to this
was fuel price; the modeshowed much less sensitivity to fuel price than expected, which was
explained as being due to the low average fuel price for the ZIA® time series. It was
anticipated that fuel price would have more of an impact on costs and profits. The effect of fuel
price on model outputs was later explored through scenarios of increased fuel price, which showed
that increases in fuel price had important consequences for costs to company and profits, as

expected.

Company strategies for tradingff profit against rsk were explored. It emerged that companies had
different strategies of tradingff risk against profit.In the model, darge followed by medium
companiesmadethe highest profits, bubore the highest risks, indicating that theyere less risk
averse (i.ehad relatively riskiestrategied. While supetcluster followed by small companies de

the lowest profitsand had morerisk-averse(relatively less riskygtrategies. For all companies as the
stochasticity of catching fisfi.e. a proxy for environmentaincertainty) increass financial risk also
increasel. Large and medium companies can likely buffer their riskier strategies because of their
economies of scope and scale. Their reward for bearing the higher risk is a much greatef peofit.
large compay hal the greatest increase in risk with increased uncertainty, but it maiethimgh
average profits. The fact that all companies have an increased risk with increased uncertainty
represents an interesting area for further exploration, since the curneotiel version does not fully
capture environmental variability but only has caude proxy in the form of the stochasticity

coefficient forcatching fish
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There were clear interactions of fuel price with CPUE, stochasticity of catching fish, exchange rate
and withprice paid bymarkets to pay for hakdan the model CPUE had a more important impact on
profit than fuel price, with all companies making a loss at low CPUE irrespective of whether fuel price
was high or low; the higher the cost of fuel the l@gthe loss though. This could be important since
companies stated that they might take these kinds of losses over the short term since catching all of
their quota was their primary objective, for the purpose of both meeting their contractual (supply)
agreements with clients and demonstrating to government their capacity to catch their quota which

is a possible criterion for successful future rights allocations.

Conversely, changes imodelled fuel price were more important than the environmental
uncertay i @ LINPE& Wali20KlIadGAOAGe 2F OFGOKAY3d FTAAKQO®
capturing environmental variability in the model. Increasing stochastidity however, reduce

profits for companies. This means that if uncertainty is greatantlevels estimated in the model it

could have more important consequences for profitability. Increases in environmental uncertainty,

under certain other unfavourable model input conditions (i.e. environment and economic

conditions), could tip companiesoim making a profit into making a loss.

Both modelledexchange rate and thprice paid bycountries (i.e. market value in Euro ternveggre
shown tobuffer the effects of fuel price on profitability. In cases where fuel price and exchange rate
were linked (even when both increas®, profitability for companiesvas high. In other words, a
devaluedRand is favourable (under standard CPUE and environmental conditions) for companies in
terms of profitability despite its effect of also increasing fuel prices Bhuation might be modified
though if fuel usage to catch fish were substantially increased. Similarly, for a set exchange rate,
increases in fugbrice (i.e. cases where the international US$ oil price increases buffered by as

little as a 25% inease in market value of hake across the boardhe model Althoughreal
companies have no effect on international market prices (they are price takers) they can shift their
product to higher value markets to buffer the effect of increased costs. Indeisdoehaviour has
been observed in the fishery through product displacement to frozen processed product with a

lower catch cost and a higher value.

Finally, interactions between TAC and CR@Ee important for company profitabilityn the model
When TAQvashigh and CPU®&as low companies nde a loss. In all other TAC/CPUE combinations

it was favourable to have a smaller fleet than the present size (2013 values) in terms of profit, since
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all quotacouldstill be caught and cost to compamas lower. If @ mismatche®ccurredwhere TAC

was high and CPUE was Jatwvould seem efficient then for companies to have smaller fleets, if
only profitability was to be considered. The only benefit to industry of haitsractud, presentfleet

size mustthen be to maximise profitability and reduce the risk of not catching the entire allotted
guota when TAC is high and CPUE is low. This may be especially true given the incentives of
companies to meet contractual obligations and ensure thaltecation of rights inuture. Indeed,

this corresponds to suggestions made by industry during the consultation phase.

All in all,HakeSim 3.@ppears to model the economics of the offshore demersal hake trawl fishery
adequately, and this represents the first simulation modethe SA hake fishery economics which

can be used as a foundation for further work. This is discussed in the concluding chapter.
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Chapter 7:Conclusion

1. Summary offindings

Thisthesisset out to lay the foundations for study of the economiof the offshore demersahake

trawl fishery in the Southern Bengueiia an interdisciplinary contextt firstly aimedto develop a
principal understanding of the South African hake industry through data colleeatimhanalysisand
industry and expert consultatiorSecondly it aimetb produce a prototypeeconomic model of the

South African hake fishery to gain a preliminary understanding of its structure, dynamics and the
relative importance of internal and external drivessich asndustrial organizationgxchange rates
andfuel price. The first aim was largely achieved in Chapters 2 and 3 and the second aim in Chapters
4,5 and 6.

Chapter 2sought to describe the industry structure of the offshore demersal hake trawl and
contextualise it within existing economiand relatedstudies, paying particular attention to the
existence and changes in company clusters, and to describe its changes through time to assist in the
production and analysis of prototype models of the industry. €haens were achieved through

data collection from sources such as government and through consultation with relevant
stakeholders and experts. The structure of the industry for the period of study {2012) was
describedand analysed. iBhts were groupednto nine company clusters that were highly vertically
integrated. There were four types of clusters: large companies, medium, small andchugter
companies They differed in the quantity of quota that they held, the products that they prodlice

and their business models. An ownership profile of these different companies was also generated
and indicated that a few parent companies or investment boards have shares in a number of
different fishing companies, which are therefore traded on the stock exehampere wagand
continues to bek high level of vertical integration in the industry, with much vadaeling of fish
products. Product streams for hake were also identified, providing an understanding of how hake
was caught on different vessel typelended as fresh or (sedrozen processed irvessels and
factories and sold. The industry was described as a mature one in economic terms, with a high level
of vertical integration and a fairly stable structure where the main changes were in the direétion o
consolidation of rights, at least within the present context of long term rights. The previous major
change to the number of participants and therefore industry structure occurred whehdhg Term

Rights Allocatioprocess was begun and it was suggédstieat some reshuffling of structure after

the rights are reviewed at the end of 2020 was probable. The vessels owned by companies were also
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studied. Declines in vessel numbers, particularb-fish stern trawler vessel (i.e. those that caught
fresh fisl) numbers, for the existing time series from 1978 to the present time were found. This
downsizing of fleet was said to present removal of excess capacity from the fleet which incurred
unnecessary extra maintenance costs, and in the years directly prec2oti@ywas further driven by

the establishment of an industied effort restriction based on the horsepower of the trawler
engine in 2006. Overall, qualitative and quantitative data in Chapter 2 were in agreement and also
matched some information in the &sting literature, showing the strength of the data. Additionally,

the findings of thichapter were published in an international, peeviewedjournaf®. Assuch, the
findings of ChapteR were treated as reliable in providing a foundation for the praitut of the

economicagentbased model.

Following from the structural study of Chapter 2 a greater insight was needed into the functioning of
the offshore demersal hake trawidustry, particularly an understanding of the export and domestic
markets forhake. Chapter 3 therefore, aimed to provide analyses of hake export data over the 2000s
in as much detail as possiligven their coarse resolutigrio understand the relative importance of

and changes in the domestic and export markets and how companiéseoindustry as a whole
might have responded to these, and thereby to provédigitionalinsights into the economics of the

fishery in South Africa.

To accomplish this hake exports from South Africa were analysed for general trends from TradeMap
data ard in relation to changes in fuel price, exchange rate, total allowable catch (TAC) and
gualitative information on overall market demand. Quantitative findings were taken through expert
and stakeholder consultation and further qualitative data on domesiit export market behaviour

were collected. Additional qualitative information on how companies capewith changes in
domesticand international markets and apportioned their efforts in resource collection, processing
(i.e. product streams) and sale (domiestersus international market) of hak&as also collected
Quantitative and qualitative estimates suggested that export volumes of South African hake were in
the order of 6070% ofthe TAC for the 2005¢ 2011 period The major export market was identifie

as Spain. Smaller, but still important markets (those contributing more than 500 tons of hake
purchased per year) included lItaly, Portugal, the United Kingdom, Germany, the Netherlands, the

United States of America, Australia and France. Exports tdrat countries together constituted

'8 Cooper, R., Leiman, A., and Jarre, A. 2014. An Analytsis Structural Changes in the Offshore Demersal
Hake Merluccius CapensdM. ParadoxupsTrawl Fishery in South Afriddarine Policy50, Part A: 27Q79.
DOl:http://dx.doi.org/10.1016/jmarpol.2014.06.006
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just over 500 tons. écording to industry, all hake exports from South Africa could be treated as
having been caught in domestic waters, because loegport tariffs in Namibia discouraged

exportation of Namibian hakéirough South Africa.

The general trend in export volumes of hake was away from fresh, whole prime quality hake toward
frozen product, fillets and valdadded (i.e. highly processed) hake, this was especially visible from
2008 (the time of the internatiorlafinancial crisis) onwards. This product shift was largely due to
changes in the Spanish markets. There was an associated shift towards a greater reliance on freezer
trawling, which was suggested to also bring with it some risks of international prizdilitg. The

ability for industry to be able to switch between fresh and frozen product was a key aspect that
allowed industry to remain profitable by shifting its product stream to match international demand,
reduce catch costs and therefore retain a firanargin. A product displacement was observed in
export data from fresh towards frozen and increasingly value added product, which corresponded to
an increased value per ton for vahkaelded product. Industry suggested that this increased value of
procesed, frozen product allowed profits to be retained insaenario ofhigher catch cost and
changing market A price convergence between whole fresh and whole frozen hake, which
corresponded to the product displacement, was also observed after 2008 andededtring
industry consultation. Consultation with industry provided a domestic market size estimate as 30%
of South African TAC plus additional import volumes equivalent to 15% of TAC. The price paid on the
domestic market was also reported to be slightiwer than export premium. Decisions on whether

to export or sell hake products domesticallere based onthe catch size mix, demand for hake,

price parity, exchange rate and long term relationships with clients. A signifipasitive

relationship wafgound betweenRand/Eiuro exchange rate and annual hake export volumes.

In terms of operational decisions, companies identified catching their entire quota within effort
restriction limitations as their primary objective, even if it meant bearing shorhtkrsses because

of unfavourable CPUE and fuel price interactions. Companies also aimed to keep their vessels active
throughout the year. CPUE, fuel price and siie of catch affected profitability and choice of
fishing location. Once again, there wasisensus between qualitative and quantitative data in this
chapter providing confidence in the use of both data forms in informing model design and as model

inputs.
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Taking the findings of Chapters 2 and 3 then, a first protoggentbased model was del@ped of

the harvest and posharvest industry of the offshore demersal hake trawl in Chapter 4. Modelling
provides the next step imnderstanding and exploringuestionssurrounding thedynamics of the
offshore demersal hake trawl fisherfhe modelling pocesscan also provide information that might

in future be usedo clarify thinking around whagéconomicobjectives could potentially be for the
fishery, which could help to inform possible management stratedibe.broad ainof Chapter 4 was

to gain a peliminary understanding ahe dynamicof the Southern Africanffshore demersahake

trawl fishery, which operates in the Southern Benguéletween target resource and marketgth

regard toits structure. That is, this prototype of thanodel specifichy i) explored changes in
international and national market demandas the quantity of resource (fish) extracted in the SA
hake fisheryand on overall company sales volumes or wastage, ii) explored scenarios of changes in
TAC and iii) explored changesfinzen vs fresh demand of export and local markets for fish. A
conceptual framework for the first model prototype was developed (i.e. the model world was
designed) and the model was implemented in code in Netlogo 5.0.1. The model was thoroughly
tested andsensitivity analyses and reality checking were conducted. The first model prototype was
found to be fully functional and free of significant bugs and errors. It was sensitive to TAC and large
company quota, but relatively insensitive or only slightly garesto many otherinputs. The model
outputs were quite simple and constrainedsince the structure for this prototype was largely
imposed and a number of heavy assumptions were also made in this version. This was done
intentionally to provide a thoroughunderstanding of the first prototype before adding levels of
complexity to the model without creating a black boXhe (rapid) prototyping approach
recommended byStarfield and Jae (201) was adopted where a simple first prototype is built,
understood and layers of complexity are incrementally added through iterations of the modelling
development cycle. Because the first prototype was soundly built and its overall structure was
sufficiently realistic it provided a good starting point on which to build more complex model

versions.

The rapid prototyping approach was continued in Chapter 5, where a number of the assumptions
made in the first prototype were incrementally relaxeddatie effect of relaxing these assumptions
was tested on the behaviour and realism of the model. Thapter therefore served the purpose of

a thorough assumption analysis and a significant step in complexifying the model through rapid
prototyping. The an of this chapter wasto produce these new, incrementally complex model
prototypes and compare them with the previous simple model version in order to determine

whether and how relaxing some of the assumptions made in that vers@mrd make a significant
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difference to the functioningand realismof the model.It was found thatHakeSim 2.3had much

more realistic behaviour than all of the other model prototypes. It represented the model version in
which four major assumptions were relaxaplyessel numberbecame flexible and represented the
average fleet of the industryi) vessels were not active at every time step (i.e. some vessels were
preferentially used over others based on a ranik) companyquotawas not evenly divided among
vessels, andv) vessel fullness became dependent on vessel maximum fish storage capacity, CPUE
and stochasticityof catching fishas a simplified model for environmental uncertaintyhe changes

made to the model not only increased realistic behaviour, but also allowethéopossibility to test

GKS ST¥FSOGa 2F OKIFIy3aAy3d FFRRAGAZ2YIFE FLFLOG2NR Ay
numbers and types (i.e. fleet composition), CPUE (anglironmenta) stochasticity of catching fish

This confers the significant advages of increased realism in the model and flexibility in terms of
the different questions that can be asked and analyses conducted with later model versions. As such
HakeSim 2.3the version in which the four assumptions were relaxed, is used as thefbasise

developmentof the next model version.

The full model prototype, HakeSim &, whichincorporates moneySouth African Rands and Euros),
in addition to the fresh and frozen fismodel currencies of the earlier model prototypewas
developed and dscribed in Chapter @he objective of this chapter was to develop the model to a
final version that would allow some of the original questions on the traffie between TAC, CPUE,
fuel price, exchange rate and market factors such as price and demandge texamined.
Additionally, during the data collection, stakeholder consultation and data analysis phasédeasw

to test emerged A number ofscenarios were developed to test these and the original questions.

It was found that the final version of theodel behaved realistically and produced some interesting
outputs that coincided with real world observations asdpported most of theperspectivesput
forward following industry consultationThe model was found to be sensitive to changes in fleet
size,the quota of large and medium companies, catch per unit effort, exchange rate and (most
expectedly) situations where the TAC was reduced to .Z&his indicated that the model was
behaving as a good approximation for the real world, as these wepeagiésseghat were indicated

as being important drivers of the industry from stakeholder consultation and expert opinion.
Companies were found to have different strategies for trading off risk against profit; large and
medium companies opted for high risk, higher profit, while small andsupercluster companies

opted for lower risk, but reduced profits. Large and medium companies can likely buffer their riskier
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strategies because of their economies of scope and scale and take advantagegoddter profits

this strategy yieldat times Allmodelcompanies show an increased risk without increased profits in
the face of increasedtochasticity of catching fisihe result of this increased risk with uncertainty
is an interesting area for further explorationaicularly since the stochasticity used is a poor proxy
for true environmental stochasticity and likely underestimatke multiplicity of its effects in the

real world.

There were clear interactions of fuel price with CPUE, stochasticity of catcélingfichange rate

and with price paid bymarkets for hake CPUE had a more important impact on profit than fuel
price, since all companies made a loss at low CPUE irrespective of whether fuel price was high or
low; unsurprisingly, thougtthe higher the cet of fuel the bigger the los€hanges in fuel price were
Y2NB AYLERNIIFyYyG GKFy GKS Siochastciyyoivcsohing fikhd dzg & S BT YA &
be partiallythe result of insufficiently capturing environmental variability in the modlit may also

reflect the absence of largecale changes in the demersal fish communitiessantrastto those
observed in the pelagic stgystem, confirming the findings diNatermeyer (201p Increasing
stochasticity did, however, reduce profits, which if other variables were already unfavourable could
be sufficient to tip companies from breaking even or making a small profit into making a loss. It is
also important to nog¢ that environmental variability and its effects on recruitment (which are not
properly understood)were likely underestimated(or poorly approximatedpy the stochasticity
included in the model. Given the importance of CPUE in affecting profitabilitgatodes of fish and

its interaction with environmental stochasticity, this is an important area for future ecological

research.

Both exchange rate anithe price paid bycountries (i.e. market value in Euro terms) can buffer the
effects of fuel price on npfitability through increasing revenue to companies. In cases where fuel
price and exchange rate are linked (even when both increase), profitability for companies is high.
Similarly, for a set exchange rate, increases in jfuigle (a situation which wouwl be expected to
occur when thanternational US$ oil price increaseggre bufferedin the modelby as little as a 25%
increase in market value of hake across the bodBimpanies mightbe able to achieve price
increases in the market valubrough shifthg to a product type with a higher value or net profit
Such a trend wasbserved in the real worlduring the 2005 to 2011 period analysed (Chapter 3),
where the proportion of valuadded product exports increaseéinally, interactions between TAC

and CRJE are important for company profitability. When TAC is high and CPUE is low companies
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make a loss. In such cases having a slightly larger fleet size can help to reduce losses. It is suggested
that the present fleet size of industry mdyave beenchosenby companiesto ensure that they

continue to catch their quota and reduce losses when TAC is high and CPUE is low. This may be
especially true given the incentivés companies to meet contractual obligations and ensure the re
allocation of rights in futurelndeed, this corresponds to suggestions made by industry during the

consultation phase.

2. Context withinsimilar international models

Internationally there are a number of other models that deal with the economics of hake, gadoid, or
demersal fisheriesvhichare in some ways similar to the South African offshore demersal hake trawl

fishery, e.gsimilar target species or fishing method.

One modelthat has been applied to several hake fisheries is MEFISTO;egdriomic model as
discussed in the intragctory chapter it has been applied to European haldefluccius merluccigs
fisheries m the Gulf of Lionswestern Mediterranean Sedlleonartet al, 2003, and to inthe
Saronikos Guih GreecgMerino et al., 20079.The MEFISTO model was not suitable for application in
and adaptation to the South African example, because the hake fisheries in South Afridanfunc
quite differentlyto the European examples. The South African fishemygisly vertically integrated,

the fish stocks are much larger, and in the offshore traedtor specific to the hakes as a target
species with limited commercial bycatch. Furtmere, MEFISTO doesn't examine export markets,
nor is exchange rate important in a European context where trade is between countries with the

same currency.

In a different study, tandard mathematical modelling approaches have been applied to European
hake (Merluccius merlucciysSouthern Stocks for the Spanish fisheries to examine the effect of
different management scenarios on value obtained from fisheries. Stock value was estimated under
a range of different scenarios using a surplus production fundiortotal landings and biomass
figures from ICES. That is, prices of hake were calculated as a function of landings. Predicted values
under a set of modellednanagement scenarios were compared with real val(f&stelo et al,

2012. This model was not concerned with the effects of industry structure or market changes, or
individual varability between fishing companies and was therefore again swited for direct

comparison
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Another European example that considers a hakk (nerlucciuy fishery but also its technical
interactions with other demersal fisheries sectors is a mapgcies multi-fleet discretetime,
stochastic, bieeconomic model of the Bay of Biscay demersal mixed fishergdyrguetet al.
(2013. The main purpose of this modavas to look at tradeffs betweensustainingeconomic
profits of the different fleets andretaining thespawning stock biomassize It examined ecological
and economic viability of the fleets and target species under different management strategies
focusingin parton technical interactionsand fuel price scenariq&ourguetet al,, 2013. However,
since the industry is quite different to the South African example amdetifiect of export market

and industry structure is not considered in the modekults are not easily compared

In New Zealand a bieconomic model built on the ISFEsh simulation platform that considers the
technical interactions of hoki Macruronus novaezelandiae with Southern hake Merluccius
australig fisheries, examined the effect GIACsand deemed value on a variety of target species.
Deemed value is the monetary penalty charged for any landingsexceedthe allocated fishing
right (annualcatch entitlementg ACE), since a certain proportion of landings is allowed over the ACE
to prevent discarding. The effect of several management strategies on spawning biomass and
catches of the targeted species was explored with the mdirchal et al, 2009. The same
approachwas usedto determine what the effects of various management strategies, some using
deemed values, could be if theyere to hypothetically be implemented in a demersal fishery in the
Eastern English Chann@larchalet al, 201]). Although penalty prices and the value of landings
were considered in thaéSISFishmodel, other economic factors and interactiosisch as the effect of
changes to export markets or exchangaes which were of interest in the South African offshore

hake trawl fishery and explored khakeSim 3.0vere not captured.

There are a number of economic models in North America that have dealt with demersal fisheries,
but they have different foci tahe model presented in this thesid~or example, in the United States

of America (USDorn (200) modelled and examined the behaviour of a single texwishing for

hake Merluccius productysand its decision making proce¢dorn, 200). Toft et al. (201)
modelled the consequences of a change in managemernnhdividual transferable quotag; the
groundfish trawl off the USWest Coast through the production of a spatial model of fleet and
biological dynamics, although this was for different species, Dover dtitFostomus pacificug and

rockfish¢ Sebastes craeri (Toft et al, 201). In New England, Canada) empirical model was
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based on past time series of spatially differentiated revenue rates that were available ireciffer
areas, and thereby predict effort at the fishery leglolland and Sutinen, 1999 Again, the

objectives of these models are different from the questions asked in this thesis.

In the European (and typically Northern Hemisphere) situation, but also in Australia and New
Zealand which both have fairly strong curoies, exchange rates are less importdot fishing
industry profits and behaviouandare not relevantamongEuropean countries that have accepted
the Euro. However, Namibia and the South American countries wmaileixpected tashow similar
dynamics intheir hake or demersal fisheries to South Afriga,that they also have developing

economies and exporthat arestrongly affected byoften volatile)exchange rate fluctuations.

In Chile a dynamic simulation bé@onomic model was built for a largeale demersal trawl fishery
that targets southern hakeMerluccius australjsand hoki Kacroronus magellanicugind a smail
scale longline fishery that only targets hake, to examine theebmnomic effects of alternative
managementstrategieson the fisteries. The model included hake and hoki populations and five
fleets ¢ trawlers and factory trawlers from the larggeale sector and two fleets from the smsadiale
sector ¢ in three different areagCerdaD'Amicoet al., 2010. The model consied of a biological
module that examined fish populations and an economic module that represented fleet size and net
benefits based on interactions between income, fishing costs and capital inves{@entaD'Amico

et al,, 2010. The fishery upo which this model was based has many similarities with South Qféca
fishery. However, the model is natadily comparablesince fleet size determines the level of effort
in the fishery which is nothe case in South Africahere effort limitations (hosepower sealays)
have been set in an industigd initiative. Furthermore, the model again does not consider export

markets and exchange rates and is thus built for a different purpguseHakeSim 3.0

In Peru there wag bioeconomic modethat coupledecosygtem and supply chain modellinghis
was however, for anchovyHngraulis ringernsfisheries rather than a hake demersal trawhe
model focused on coupling an EcoSim with EcoPath ecosystem model to -@smoomic model of
the supply chain that gaured entire industry sectors rather than individual firf&vadiet al,
2014). In Argentina, a modelssociated with lie industrial aspects of hakdealt with calculating
costs of different quality products associated with internabrhealth and safety standards

(Zugarramurdet al,, 2007, a different subject tohie presentstudy.
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The Namibian hake fishery is perhaps the most similar to the South African example, and recent
studies (Paterson et al., 203Xirchner and Leiman, 2@), provide for some economic comparisons.
Kirchner (201%conducted an economic study and produced ad@onomic model of thé&lamibian

hake Merluccius paradoxusnd M. capensis trawl fishery to assess the impacts of different
management strategies on the value of the hake fishery. The model estimated actual and potential
profits in the fishery. The study also examined the &ffef exchange rate, which it found to be the
biggest contributor to revenues, and fuel and other costs (labour costs were the greatest contributor
to company costs in the Namibian exampl@he modelling approach was one of traditional
economics, using aesidual approach to estimate rents and allowing for fish stock fluctuations.
Exchange rates, fuel prices and fish prices were kept constant in the model, unlikgethbased
model considered in this thesis where prices could be time and agent (i.eelrantity) dependent.

One important distinction from the South African fishery is that the Namibian fishery allocates its
TACbetween freezer and et-fish (fresh) trawl. The model therefore also apportions 38Pthe TAC

to freezer vessel&irchner, 2014 This is different fronHakeSim 3.@vhere the number of freezer
vessels can be manipulated for different model runs and the fish quota of auegp&assigned in a
variable waybetween the vessel types that they owiHakeSim 3.@s also a different type of model,

an agentbased model which means that it examines individdabel variability between model

entities, such as companies, vesselinternational export markets.

Agentbased model¢ABMs)have been applied in a variety of fishing applicatiomst these differ
substantiallyfrom HakeSim 3.0In Australia ABMs were used, for example, to model information
flow between vesselsas wellas spatial vessl behaviour in a lindishery (Little et al., 2009, or
multiple, competing coastal zone uses and management choigeagos (McDonaldet al, 2008.
ABMs have also been used to represent fishing vessel behaviours and spatial choices. For example,
Beecham and Engelhard (2Q@#&veloped an economiecological ABM to illustrate the effect of the
strategy trawlers used to choodishing location on the profit made on catches for each unit of time
spent fishingYuet al. (20090 produced arABMof fishing vessel behaviour to exploiteeteffects of
area closure®n a linefishery.Bastardieet al. (2010 also modelled fishing vessel movements, but
considered the effects of fuelonsumption, efficiency and profitability and compared past vessel
movements with model predictions under different scenarios in Danishinadisheries. None of
these modelsare applicable to the questions addressed in this thesis, or adaptable due to
differences in fishery and industry structure. These moadds all had purposes quite different to

those ofHakeSim 3.0

197| Page



In their review ofEU bieeconomic modelsPrellezoet al. (2012 concluded that the diversity of
models and modelling approaches that exist in the EU context is representative of the need to adapt
models and their development to answer the diverse questions that are posegainworld
fisheries.This point could be doubly argued for fisheries from different regions of the world that face
different problems and are often structured or function quite differentlydeed, thenovelmodel in

this thesis HakeSim 3.0was developeal to answer a specific question from a real world situation
that was quite different tasituations and questiondealt with in existing modelsom other parts of

the world. Kettenringet al. (2006 recommend the careful application of existing models to answer
new questions in new contexts aremphasizedthat model approaches must be compatibife
modes were to be adapted from onease to anotherSince | could notrfd an existing model that
had compatible assumptions, objectives aadealworld system upon which it was based, | chose
not to adapt an exishg modéd. Instead | choseather to develop a novel model that could capture
the particular structure and function of the harvest and pdsarvest industry and exports of the
South Africa offshore demersal hake trawl fisherand address the most pertinent questions

therein.

3. Shortcomings

Duing the data collection and model development phases there were a number of challenges and

limitations that could not be overcome.

Quantitative data could not be obtained for the size of the domestic maiketudingtypes of
products purchased and tlrevalue. As suchproportions of the domestic market had to be
estimated based on qualitative information and international examples. For model purpbses
domestic market, since it took processed fish products, was estimated to be about 25% of total
world demand for processed product, since companies estimated that it accofimtedound 30%

of TAC in wholenass termsEstimations of the proportion offACthat was sedrozen fish (95%)

were also based on qualitative information from companies. In terfithe price paid, the world
average value was used for fresh and frozen fish, although a lower value is possible. It was therefore
not possible to accurately examine the relative importance of the domestic and export markets for

companies.
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Another limithg factorconcernedthe sizebased processing and sale of products. Although initially
desired, it was impossible to include fish size in addition to quantity in the model, stuceat out
impossible to linkthe broad export codes to exact product typeand therefore fish sizes.
Furthermore, although the size composition of landings is known, once fish enter a factory (or
factory ship) they may exit as a broad variety of products that are not entirelydsjzendent,
making it even more difficult to makthe link between fish sizes, product categories and export
codes. Unfortunately this information isonfidential and companyspecific and could not be
obtained. Fish size was therefore ignored in the model and only fresh and frozen fish were
distinguish@l. This, however, does represent a challenge for understanding the effects of changes in
size composition of fish populations on company function and profits. It also does not allow for the

effects of markets on the desirable fish size to be examined.

Bycatch species are also presently ignored in the model, althdhghfisheries forsome of these
species are financially viable.g.monk (ophiusvomerinu$ andkingklip Genypterusapensiy Due

to further issues of disentangling catches, processingl sade of products, for the present model
version they were ignored. However, it might be interesting to include additional species into the

model at a later stage, once better dadee available.

A further process which is not well understood in the akworld, is the effect of environment on

hake recruitment and subsequently on hake abundance and catchability. This was captured in a
broad-brush manner astochasticity of catching fisa model variable that introduces stochasticity

into vessel catchesdowever,in the real world the effect of environmental variabildye likely to be

more complex and affect more model input parameters. Given the importance of CPUE and TAC in
the model and the ability of environmental stochasticity to increase riskraddce profits, getting a
handle on this component of the biologymerges agn important area of research, in terms of its
economic consequences. One potential means of incorporating some ecological effects into the

economic model is through linking it & ecosystem modehs discusseith the next section

The model produced in this thesis does not incorporate ecosystem dynamics and fish biology
explicitly, which of course is a limitatioBut the modelwas produced wittthis in mind and wittthe
primaryaim of undertaking the first, fundamental step in solidly understanding the economic system
of hake, producing a model of this and identifying potential links to the natural systems that
contextualize hakeMerluccius capensand M. paradoxu}. The mainobjective that the thesis then

sought to achieve was to produce the starting point for understanding the linkages and interactions
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of the human and natural dimensions of the hake fishery. Specifically, it aimed to build a model of
the economic dimension dhe fishery that would identify linkages to the ecological system and

allow for future studies to explore these.

4. Futureresearch

AsFolkeet al. (2007 point out, any actions related to sustainability arederpinned through the
linkages of ecosystems to social and economic syst&emsystem models can also give us insight
into the current functioning of ecosystems, as well as possible future trends under different
managemenbr environmentalscenariosinterdisciplinarymodellingis a mean®f incorporating the
social ecologicabnd economic dimensions into systems thinkine way of expanding the present
model to incorporate ecological aspects and their effects on the economic system is through
examinirg environmental andecological effects on CPW@iBd TACthrough the use of outputs from

an ecosystem model.

Furthermore, it might be interesting to examine the effects of other fisheries (and sectors) which
interact with the hake demersal offshore trawlné the economic consequences of these
interactions. Indeed there has beeacognition that there is a need to better understand thieect

and indirectimpacts of other fisheriesn the hake fisheryPetersenet al,, 2010Q. This is especially
important in light of the fact that lanternfishLéampanyctodesectoris and Maurolicusmueller),
known food items of Cape hake and forming up to about 30%derfucciusparadoxusdiet on the
West @ast, have been caught along with the target speciegha purse seine fishery since the
1960s(Payneet al., 1987 Proschet al, 1989 Pillar and Barange, 199and that there have recently
been suggestions around introducing a directed mesopelagics fistiphfF, 2011 Pillar and
Barange (197) found that mesopelagics as a group constituted about half the didd.gbaradoxus

on the West Coastvhen sardineand anchovy were not abundanthe ecological consequences for
hake of changing fishing mortalities on lanternfish, for example, caexptored with an ecological
model. The resulting ecological outputs can then be used to inform environmental input scenarios
(e.g. TAGnd CPUE) for thédakeSimeconomic model to explore the economic consequences of

these ecologicgbrocesses
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Table7.1: A comparative table of ecosystem modedfter a presentation bySmith (201).

Atlantis EwE OSMOSE
Model currency nitrogen biomass individuals
spatial structure dedicated (polygons) none grid
time step 12 hr monthly weekly
model coupling with
oceanography Yes (e.g. links to ROMS model version 6 yes, forcing/coupling (e.g. ROMS
<100: vertebrates,
~60: vertebrates, plankton, plankton, benthos, ~10: typically forage and demers
trophic groups benthos, primary producers primary producers fish
age structure vertebrates: 10 age classes "multistanza" age classes cohorts
nitrogen cycling Nitrogen cycling None None
functional "foraging arena": implicit  sizebased predation and max
response Holling type 1, Il, I, others refugees ingestion rate

Ricker, Beverton, fixed #/adult, biomass growth rate with based on fecundity and SSB=f

reproduction others compensation in juveniles (predation efficiency)

movement foraging and seasonal seasonal foraging and seasonal

fishing spatial: fleets' catch, effort, or F Fleets' atch, effort, or F non-spatial fishing mortality rates
fast, stakeholder game IBM, facused on forage and

in summary flexible playing demersal fish

It becomes apparent that a spatial ecosystem model will be valuable in understanding ecosystem
function and hake trophalynamics in the Southern Benguela given the above and the fact that hake
diet and fishing effordiffer spatially between theAgulhas Bank and the West Coast. Mesopelagics
and crustaceans are more important kerlucciuscapensigliet on the WestCoast than the South
Goast, while anchovy, horse mackerel, round herrsaydineand demersal fish are merimportant

on the Agulhas BankPillar and Wilkinson, 1995There are also coastal differences in the prevalence
of intra-species and intespecieshake cannibalisn{Pillar and Wilkinson, 1995The hake species
composition also diérs, being estimated to be around 73% paradoxusand 25%M. capensin

the West Coast compared to 9% paradoxusand 91%M. capensi®n the Agulhas BanHluring the
1980s(Jarreet al, 1999. Furthermore, hakelirected fishing effortvaries spsaally by sectors,as
described in the introductionAn appropriate ecosystemmodelling platform will need to allow for

these spatial differences to be captured review was made dhree potential existing models of
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the Southern Benguela Ecosystem foistpurpose: ECOPATHIWECOSIM, OSMOSE and Atlantis
(Table7.1).

OSMOSE seemed a particularly good fit for potential future linkagertscenario analysis in
conjunction withthe economic model sinci is an individuabased model thaassumes sizbased
opportunistic predation (hake dietary studies are outdated); it &patialmodeland lifecycles are
explicitly representeqTraverset al,, 2010. OSMOSHEas also been coupled to ROMZP222D2, the
three-dimensional hydrodynamic model of the Southern Benguela known as Regional Ocean
Modelling Systems coupled witthN2P222D2, a biegeochemical model of plankto(Traverset al,
2009. This allows the low trophic level plankton communities, driven by hydrodynamics and bio
geochemical processes, to be coupled to the high tropbvel communities of OSMOSE through
predation (Traverset al., 2009. This eneo-end model cartherefore incorporae some degree of
environmeral variability into the model. It is therefore one viable possibility for future linkages, and
some aspects ofakeSimsuch as the timstep, have been developed with linking to OSMOSE in

mind.

If HakeSimis to be coupledor linked to an ecosystem model in future it will need further
modifications, such as attempting to incorporate simesed aspects of hake catching and processing
and sizebased fish value, bycatch species and their values, and spatialized fishing and cost
eqguations. These modifications, if possible, will also provide further insights into the functioning of
the hake industryln the simplest terms linkages of the two models could take the form of using
outputs of one model to inform the inputs of the other twr inform possible scenarios to explore
with the other. If a fulffledged coupling were to be attempted, thdakeSinmodel would need to

be reimplemented using a completely different programming language and platform, such as Java
(language) and Eclipseldtform) which OSMOSE is implemented with. Although, studies have
cautionedagainstthe production of increasingly complex mod@sg. Plaganyet al, 2014. As such,

it may be prudent to first explorehe use of outputs from the ecosystem model to inform the
parameterization of or scenarios to explore jrHakeSim or vice versa. This alone may answer
pertinent questions and will determine whether it is relevant or sensible to develop a couplec

complexmodel.

In conclusion, the process sticcessfullgleveloping the fulprototype, HakeSin8.0, of the offshore

demersal hake trawl in South Africa, including collection of data on the real world, has been fruitful
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and has achieved the aims of thisethis HakeSim 3.@s capable of specifically examining economic
aspects of the industryA good understanding of the economics, the structure and function of the
industry has been developeahd has provided noveinsights;in particularindustry structurewas
explicitly quantified, major hake export trends and markets were identified and changes in export
products were linked to changes in vessel ownershi@addition to assisting irhe development of

an understanding of the industry the model has allowkd examination of industry dynamics and

the assessment of the relative importance of internal and external drivers, such as market demand
and value, exchange rate, fuel price and CHURas served to identify future areas for scientific
enquiry and futher research expansiorAdded resolution with regard to fish size is desirable.
Identified links between the economic and ecological systemsddbe taken forward into a coupled

model of the economiecological system of the Southern Benguela, with speeference to hake.
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Appendix 1
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industry structure This preliminary schematic was based the long term rightsholder successful applicants
from 2006 for offshore trawl that was downloaded from the DAFF (Department of Agriculture, Forestry and
Fisheries) repository of public information, and the SADSTIA (South African Deep Sea Trawlingryndus

FigureA1.1: A preliminary cluster diagrammepresenting initial ideas othe offshore demersahake trawl
Association) websiteas described in Chapter 2 Methods
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FigureAl.2: Changes in the total allowableatch by sector over time, along with an indication of the foreign catblat happenedin the earlier half d the time period.
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Appendix 2: Material used in the industry consultation of Chapter 3.

o
e
Fishing efficiency coefficient " p/// Substitute some of company
Quota s

G < g / behaviour
S/W coast decision 7 //// So sort of dual-agent
: Executes vessels
-previous/present demand,
fuel price, CPUE, ?

Processing efficiency

2. PROCESSORS

a few vessels ‘.‘ ‘m ﬂ‘

INPUTS: may sell directly
TAC (actual) s to clients and international
Availability 'QQ Ratio of split from market via
Catchability (based on & domestic to export
CPUE) & for all and (frozen

+ fresh)

supply domestic

/ market
- ‘. Domestic: split between large retailers / smaller

clients / wholesale
o Frozen versus fresh ratio? ‘
@ Any important behaviours??
~

hake abundance scenario insight
provided by OSMOSE ecosystem model Demand (either total and apportioned randomly or
by country)
Behaviours? Frozen vs fresh demand

Figure A2. 1An annotated flow diagranused for illustrative purposes during the industry consultatiatescribed in Chapter 3 Methods (lllustrations by Rachel Cadpe

219| Page



Appendix 2 continued.

The following is a list of potential questions or talking points that were used to guide interviews in a
general sense. Not every point was discussed in every interview and some interviews covered topics
not listed below.Thesequestions/talking points take the form of quite rough bullet point notes that
were used to prepare for and conduct interviews.

Vessels
w e.g. decisions
o0 Dol catch all my quota (full vessel) if fuel price high
o Dol catch all quota (full vessel) if CPUE lo
o Do any vessels sell directly to clients
0 Number of freezer vs wdish trawlers/vessels
What determines the number of sea hours you put out
Average length of vessel trigwvet-fish vs frozen
What is effect of fuel price on vessel location from homeport?
Main directive of vessel captaindill vessel or find particular products?
What is the major factor determining vessel behaviour
Over what time scales are massive changes to overall vessel actiwity number of vessels
deployed?
Over what time scaledoes fuel price have an effect?

gegegeeee

€

Processors /right« 2 f RSNEQ O2YLJ yASaKkK
Do | send more vessels if:
Do | sell more fish to domestic or international market if:
Do | change distribution of frozen vs fresh fish if:
(How do | determine the ratio between ACTRtizen and weffish trawlers)
Do | decrease processing time (man hours) if:
0 CPUE low/high
Fuel price low/high
TAC low/high
Exchange rate low/high
Size of fiskthanges
Locational distribution of fishhanges
0 Overall market demand changes
w Processing coefiient (efficiency to reduce weight of fisk) do | use and aggregate from
conversion factors
w52 L Y2RSt &a2YS LINRPOS&daa2NBR GKFGd R2y QG o0dz2 FNR
a2YS WAYLRNIAQ g9 (KSy-intliNRiO@®dEsudstitubn béravioiSSG RSY I vy
w What is the major driver for this import substitution behaviogrchanges in domestic or
international market
Does fuel price affect decision of whether or not to send out vessels, how often tQ distoes
it just affect where to fish?industry indicates that they go out of their way to catch their quota
¢ how true is this and for only big players or for all
Any other important CEO behaviousirivers?
What (proportion of frozen vs fresh) goes to local retailers vs local delis etc?
How inportant is import substitution if market demand increases?
What are the major factors affecting company behaviour
What are the major factors affecting profitability?
Major cause for downsizing of production (Sea Harvest)?
What are the timescales of ordes, processing?

egeegee

O OO0 0o

€

eEeegeegee
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Appendix 2 continued.

Are small fish less valuable / more valuable for companies that \zdde

Processing clusters: Are there specialists in fresh or frozen fish or is there general processing?
Do clusters all (sell) market together, do they just deliver to the big guys? Do they have
contracts etc? How long are these for?

w Does any fish from longline get processed in trawling company processors different
processing lines | guess? Do they end in different product types?

g€ ege€

Clients
w Fixed client base irrespective of exchange rats this true (for smaller guys)?
o Effect of decreased PQ demand on small guy
0 Small companies: fresh or frozen
w Time scales of changes in consumption /processingw often do orders change, constamer
seasm, year, month??
w Relative quantities of frozen versus fretat are purchased? Fresh head versus h&g versus
processechake?
How much do you think is trawled versus longlined (export and domestic)
Does domestic market source from trawlers directly @armiddle men

€ €

General

What has domestic market done over the last few years?

How relatively important is it?

Price taker vs price maker idea of domestic vs international market?

How much fishing on West Coast versus South Casdtizre any kind of instational stuff in

how this gets distributed vessel decisions or processor decision

Make sure to check the accuracy of the conversion factors

Importance of interest rateg i NI RAGA2Yy I SO02y2YA0 GKS2NE

seem to be the casin SA?

(How do remuneration packages work for vessel captains)

w What are the major factors affecting decision of split between fresh and frozen, W/S coast,
export/domestic market per product?

gegeeg

€ e
¢
>
O
[etN

Fish import/export/local processing and size
w Does size affegprocessing route for productg what sorts of products (codes) do you think
different size classes would end up in?
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Appendix 2 continued

Table A2.1: Potential conversion factors to convert fish produatightsback to wholemass equivalents (i.e.

the weight of the unprocessed fish from which the product was made). These were based on the standard
conversion factors that DAFF (Department of Agriculture, Forestry and Fisheries) uses for hake. This table
was used during industry consultation to discussigh product types were exported under a variety of HS
export codes (shown left) and which conversion factors might be appropriate for these product categories.
The resulting conversion factors that were determined based on industige consultation can b found in

Table 3.2.

PotentiaDAFF conversion factor:

fishnes prepared or o
160419 LINB& SNISR ’ sausage/mince
116 Hake i
) gutted and gilled
whole fish nes fresh, 1.10 Hak
030269 chilled excl heading ' ake gutted
1.46 Hake headless and gutted
030378 whole hhaked:Lozen, excl 1.46
eading hake headless and gutted
fish fillets frozen (in packd 2.25 _ . ,
030420G or blocks) hake, trimmed skinless fillets
1.94 hake, untrimmed fillets
frozen fish fillets (in pack 2.25 o
030429 hake, skin offillets
or blocks)
1.94 hake, skin on fillets
frozen fish meat whether
030499 or not minced 2.25 hake, trimmed skinless fillets
1.94 hake, untrimmed fillets

*is there apossibility that double countingf wholefish occursamong 160419, 03049930420 ad
030429due tooffcuts from filletsbeingreused in other prodats. How could this issue be dealt with?
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Appendix 3: Additional details of the export analyses conducted in Chapter 3.
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Figure A3.1 Total annual values in a)AR and b) Euros, of fish exported fro®outh Africa under the HS
codes that could include hake, as extracted from SARS (South African Revenue Service) export data in
TradeMap. The HS codes beginning 0304 are all related codes that were used during diffenenperiods

to export the same types of hake fillet products. See Table 3.1 for detailed descriptions of codes.

223| Page



Appendix 3continued.
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FigureA3.2 The strength of the South African Rand (ZAR) in relation to other major international currencies,
the Euro (EUR), the US Dollar (USD), the Great British Pound (GBP) and the Australian Dollar (AUD), for the
period 2004 to end 2011, obtained from Oanda.coMote that these arethe referenceexchange rats for

the export analyses
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Figure A33: Total annual exports of hakérom South Africabroken down by major importing country, as
extracted from SARS (South African Revenue Service) export data in TraddMapsaluesrepresent actual
export quantities of fish, but in b) tley represent wholemass equivalents that have been calculate@nly
countries purchasing more than an average of 500 tons of actual annual exports from South Africa are
represented Exports to # countriesworldwide that individually purchaseless than 50 tons areaggregated
as"Otherst @ 2 -mas$ edjuivalent quantities of hake were estimated using conversions factors for each
export code for each of the countries, as described in Chapter 3.
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Figure A3.4: Total annual exports offi, primarily hake, exported under th€®30269(fresh, whole fish) HS

export code from South Africa broken down by major importing country, as extracted from SARS (South
African Revenue Service) export data in TradeMap (http://www.trademap.org/). Only cates purchasing

large quantities of exports of hake from South Africa are represented. Exports to all other countries
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Figure A3.5: Total annual exports ofsfi, primarily hake, exported under the 160419 (prepared fish) HS

export code from South Africa broken down by major importing country, as extracted from SARS (South
African Revenue Service) export data in TradeMap (http://www.trademap.org/). Only countneschasing

large quantities of exports of hake from South Africa are represented. Exports to all other countries
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Figure A3.6: Total amual exports of fish, primarily hake, exported under the 030378 (whole, frozen fish) HS

export code from South Africa broken down by major importing country, as extracted from SARS (South
African Revenue Service) export data in TradeMap (http://www.trademarg/). Only countries purchasing

large quantities of exports of hake from South Africa are represented. Exports to all other countries
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Figure A3.7: Total amual exports of fish, primarily hake, exported under the 030420, 030429 and 030499
(fish fillets) HS export codes (combined) from South Africa broken down by major importing country, as
extracted from SARS (South  African
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Figure A3.8: Total annual export values of fish, primarily hake, exported under the 030269 (fresh, whole fish)

HS export code from South Africa broken down by major importing country, as extracted from SARS (South

African Revene Service) export data in TradeMap (http://www.trademap.org/). Export values are given in

a) thousand ZAR and b) thousand Euros. Only countries purchasing large quantities of exports of hake from

South Africa are represented. Export values for allothérdzy i NA S& 62NI RGARS I NB | 33INB:
a detailed description of the HS codes see Table 3.1.
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Figure A3.9: Total annual export values of fish, primarily hake, exported under the 160419 (prepared fish) HS

export codefrom South Africa broken down by major importing country, as extracted from SARS (South

African Revenue Service) export data in TradeMap (http://www.trademap.org/). Export values are given in

a) thousand ZAR and b) thousand Euros. Only countries purchdaigg quantities of exports of hake from
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Figure A3.10: Total anral export values of fish, primarily hake, exported under the 030378 (whole, frozen
fish) HS export code from South Africa broken down by major importing country, as extracted from SARS
(South African Revenue Service) export data in TradeMap (http://wwvademap.org/). Export values are
given in a) thousand ZAR and b) thousand Euros. Only countries purchasing large quantities of exports of
hake from South Africa are represented. Export values for all other countries worldwide are aggregated as
b h ( K S Nikdetailed 8eNdription of the HS codes see Table 3.1.
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Figure A3.11: Total annual export values of fish, primarily hake, exported under the 030420, 030429 and
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Figure A3.12: Total annual export price plaper ton of fish, primarily hake, exported under the 030269
(fresh, whole fish) HS export code from South Africa for major importing country and the world average, as
extracted from SARS (South African Revenue Service) export data in TradeMap (http://wagkemap.org).
Export prices paid per ton of fish exported are given in a) thousand ZAR and b) thousand Euros per ton. Only
countries purchasing large quantities of exports of hake from South Africa are represented. For a detailed
description of the HS cagk see Table 3.1.
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Figure A3.13: Total annual export price paid per ton of fish, primarily hake, exported under the 160419
(prepared fish) HS export code from South Africa for major importing country and the world average, as
extracted from SARS (South African Revenue Service) export data in TradeMap (http://www.trademap.org).
Export prices paid per ton of fish exported are given in a) thousand ZAR and b) thousand Euros per ton. Only
countries purchasing large quantities of exgs of hake from South Africa are represented. For a detailed
description of the HS codes see Table 3.1.
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Figure A3.14: Total annual export price paid per ton of fish, primarily hake, exported under the 030378
(whole, frozen fisr) HS export code from South Africa for major importing country and the world average, as
extracted from SARS (South African Revenue Service) export data in TradeMap (http://www.trademap.org).
Export prices paid per ton of fish exported are given in a) tisand ZAR and b) thousand Euros per ton. Only
countries purchasing large quantities of exports of hake from South Africa are represented. For a detailed
description of the HS codes see Table 3.1.
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Figure A3.15: Total annual prrt price paid per ton of fish, primarily hake, exported under the 030420,
030429 and 030499 (fish fillets) HS export codes (combined) from South Africa for major importing country
and the world average, as extracted from SARS (South African Revenuec8grsport data in TradeMap
(http://www.trademap.org). Export prices paid per ton of fish exported are given in a) thousand ZAR and b)
thousand Euros per ton. Only countries purchasing large quantities of exports of hake from South Africa are
represented.For a detailed description of the HS codes see Table 3.1.
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Figure A316: Total annual exports of hakéfom South Africato the major exporting countries, as identified
in respective axis titles. Note that figures to the left aretal export quantities and figures to the right are
whole-mass equivalent quantities of hake exports. Scales differ between countries.
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Figure A316 continued: Exports to k countriesworldwide that individually purchaseless than500 tons are
aggregatedas"Y A y 2 NJ A Y LJ2 NI A y I-ma3LedpyivaldnigSadtitied of hdke vie® estimated using
conversions factors for each export code, as described in Chapter 3. Export data extracted from TradeMap.
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Appendix 4: Model Inputs for Rapter 4

Table A4.1: The ranual Total Allowable Catch (tonnes) forake (Merluccius capensisind M. paradoxus
combined)from 1978 until present and the maximum, minimum and average for the perioBata kindly
provided courtesy of Department of Agriculture, Forestry and Fisheri@be average for the period was

rounded to 143000 tons for use in the model inputs of Chapter 4 and subsequent chapters.

Year Hake TAC Year Hake TAC

1978 103 000 1996 151 000
1979 147 500 1997 151 000
1980 155 700 1998 151 000
1981 154 500 1999 151 000
1982 136 000 2000 155 500
1983 120 000 2001 166 000
1984 128 000 2002 166 000
1985 130 500 2003 163 000
1986 138 500 2004 161 000
1987 141 000 2005 158 000
1988 139 900 2006 150 000
1989 138 500 2007 134 998
1990 138 500 2008 130 532
1991 141 004 2009 118 578
1992 145 000 2010 119 860
1993 147 000 2011 131 846
1994 148 000 2012 144 671
1995 151 000 2013 156 075
Max 166 000 Min 103 000
Ave 143 435
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Table A42: Theaverage standard deviaion, minimum and maximumtotal annual frozen and fresthake
exports andproportion fresh and frozen fish for th&005 to 2011period. These values are based on export
data extracted from TradeMap(http://www.trademap.org/ ) and industry consultation as desibed in
Chapter 3 They are used to inform the model inputs used in Chapter 4 and subsequent chapters.

Total Annual Exports of Hake (tons)

Average SD min max
Spain total annual export to 19957.96 1975.67 1749496  23226.77
total frozen 8776.14 1680.22 6285.91  11160.46
total fresh 11181.82 1768.31 8533.42  13262.35
% fresh 56.04 6.55 45.73 64.86
% frozen 43.96 6.55 35.14 54.27
Italy total annual export to 6168.62 1287.19 3773.45 7911.53
total frozen 6167.84 1390.06 3772.29 7911.53
total fresh 0.77 1.60 0.00 4.26
% fresh 0.01 0.02 0.00 0.06
% frozen 99.99 0.02 99.94 100.00
Portugal total annual export to 4685.17 558.82 3850.53 5510.18
total frozen 4638.56 620.29 3795.84 5506.59
total fresh 46.62 32.11 3.59 89.30
% fresh 1.05 0.70 0.07 2.13
% frozen 98.95 0.70 97.87 99.93
UK total annual export to 3827.80 1418.87 2004.36 6374.47
total frozen 1466.58 250.34 1192.69 1921.30
total fresh 2361.22 1546.74 34551 4928.21
% fresh 55.73 18.89 17.24 77.31
% frozen 44.27 18.89 2269 82.76
Australia total annual export to 3637.82 980.11 2615.29 5205.28
total frozen 3637.80 1058.61 2615.29 5205.14
total fresh 0.02 0.06 0.00 0.15
% fresh 0.00 0.00 0.00 0.00
% frozen 100.00 0.00 100.00 100.00
France total annual export to 1931.88 276.64 1515.25 2292.83
total frozen 1828.04 339.22 1339.24 2139.20
total fresh 103.84 82.20 21.24 227.95
% fresh 5.76 4.60 0.98 14.54
% frozen 94.24 4.60 85.46 99.02
Germany total annual export to 1624.29 1217.99 55.17 3837.25
total frozen 1486.46 1207.09 24.60 3428.01
total fresh 137.83 145.84 30.57 409.24
% fresh 16.23 16.94 141 55.40
% frozen 83.77 16.94 44.60 98.59
USA total annual export to 1216.15 696.59 527.80 2345.33
total frozen 1136.26 699.27 475.42 2345.33
total fresh 79.89 124.96 0.00 339.95
% fresh 5.90 5.94 0.00 15.43
% frozen 94.10 5.94 84.57 100.00
Netherlands total annual export to 632.17 299.98 357.13 1265.87
total frozen 610.14 308.62 350.14 1198.97
total fresh 22.04 22.24 0.00 66.90
% fresh 3.46 2.39 0.00 8.11
% frozen 96.54 2.39 91.89 100.00
Others total annual export to 1841.03 359.88 1321.23 2508.08
total frozen 1759.01 414.89 1174.02 2462.95
total fresh 82.02 44.68 35.87 147.21
% fresh 4.89 3.24 1.80 11.14
% frozen 95.11 3.24 88.86 98.20
Domestic* total sales to 15174.30 1224.58 14008.19 17281.01
% fresh
% frozen 95.00

* domestic figures are estimated on the basis of industry consultation
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Table A4.3 Input values of Total Allowable Catgff AC)that were used in thesensitivity analysisof Chapter
4. These inputs are based on the averagetlud TACtime seriesin SouthAfrica that is given in Table A%

TAC (tons)
-100% 0
-50% 71500
-30% 100100
-20% 114400
-10% 128700

standard 143000
run

+10% 157300
+20% 171600
+30% 185900
+50% 214500
+100% 286000

Table A4.4 Input values afountry demandfor hake that were used in thesensitivity analysisof Chapter 4.
Theseare based on average quantities dfake exports from South Africa thatwere purchased by countries

given in TableA4.2. The domestic market size is based on estimates from industry consultation.

Quantity of hake demanded (tons)

Domestic Spain  ltaly Portugal UK Australia  France Germany USA ND Other

-100% 0 0 0 0 0 0 0 0 0 0 0
-50% 7587 9979 3085 2343 1914 1819 966 812 608 316 921
-30% 10622 13971 4318 3280 2680 2547 1352 1137 851 442 1289
-20% 12139 15966 4935 3748 3062 2910 1546 1299 973 506 1473
-10% 13657 17962 5552 4217 3445 3274 1739 1462 1094 569 1657
standardrun 15174 19958 6169 4685 3828 3638 1932 1624 1216 632 1841
+10% 16691 21954 6786 5154 4211 4002 2125 1786 1338 695 2025
+20% 18209 23950 7403 5622 4594 4366 2318 1949 1459 758 2209
+30% 19726 25945 8020 6091 4976 4729 2512 2111 1581 822 2393
+50% 22761 29937 9254 7028 5742 5457 2898 2436 1824 948 2762
+100% 30348 39916 12338 9370 7656 7276 3864 3248 2432 1264 3682
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Table A4.5 Input values of the proportion of frozen fish that were used in gensitivity analysisof Chapter
4. These were based on average quantities of fresh and frozen exports purchased by countries given in Table

A4.2.Estimates for the South African domestic market were based on industry consultation.

Domestic Spain ltaly  Portugal UK Australia France Germany USA ND Other

-100% 0.000 0.000 0.000  0.000 0.000 0.000  0.000 0.000 0.000 0.000 0.000
-50% 0.475 0.220 0500  0.495 0.221 0.500 0.471 0.419 0.471 0.483 0.476
-30% 0.665 0.308 0.700  0.693 0.310 0.700  0.660 0.586 0.659 0.676 0.666
-20% 0.760 0.352 0.800  0.792 0.354 0.800 0.754 0.670 0.753 0.772 0.761
-10% 0.855 0.396 0.900  0.891 0.398 0.900 0.848 0.754 0.847 0.869 0.856
f&i“dard 0.950 0.440 1.000  0.990 0.443 1.000 0.942 0.838 0.941 0.965 0.951
10% 0.484 0.487 1.037 0.921

20% 0.528 0.531 1.131

30% 0.571 0.575 1.225

50% 0.659 0.664 1.414

100% 0.879 0.885 1.885

max** 1.000 1.000 1.000  1.000 1.000 1.000  1.000 1.000 1.000 1.000 1.000

** the index varies from 0 1, meaning that not all % transformations of the inputs are possible. Impossible inputs are lefabthhks
always the maximum
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Appendix 4continued.

Table A4.6 Input values of the processing efficiency of fresh and frozen hake of companies (i.e. the efficiency
with which companies convertvhole fish to final fish products) that were used in th&ensitivity analysiof
Chapter 4. These were based on average values reported by companies during the industry consultation

described in Chapter 3.

Frozen efficiency Fresh efficiency

smalll medium large supercluster  small medium large supercluster
-100% 0 0 0 0 0 0
-50% 0.34 0.41 0.41 0.34 0.26 0.265
-30% 0.476 0.574 0.574 0.476 0.364 0.371
-20% 0.544 0.656  0.656 0.544 0.416 0.424
-10% 0.612 0.738 0.738 0.612 0.468  0.477
standard run 0.68 0.82 0.82 0.68 0 0.52 0.53 0
10% 0.748 0.902  0.902 0.748 0.1 0.572  0.583 0.1
20% 0.816 0.984 0.984 0.816 0.2 0.624  0.636 0.2
30% 0.884 0.884 0.3 0.676  0.689 0.3
50% 0.5 0.78 0.795 0.5
100% 1 1
max** 1 1 1 1 1 1 1 1

** the index varies from 0 1, meaning that not all % transformations of the inputs are possible. Impossible inputs are left blank an
always the maximum

Table A47 Input values of thequota (i.e. the proportion of rights where 1 is 100% of the TAC) for difet
sized company agentthat were used in thesensitivity analysioof Chapter 4and subsequent chaptetsThese
were based ornthe aggregated values of % rights held by the small, medium (med), large and stipster

types described in Chapter 2 which agéven as the standard run.

small med large supercluster
standard run 0.031 0.225 0.529 0.059
small variations 0.000 0.235 0.539 0.069
0.500 0.167 0.167 0.167
1.000 0.000 0.000 0.000
medium variations 0.106 0.000 0.604 0.134
0.167 0.500 0.167 0.167
0.000 1.000 0.000 0.000
large variations 0.207 0.401 0.000 0.235
0.167 0.167 0.500 0.167
0.000 0.000 1.000 0.000
SC variations 0.051 0.245 0.549 0.000
0.167 0.167 0.167 0.500
0.000 0.000 0.000 1.000
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Appendix 4continued.

Table A48: Input values of the proportion of frozerhake exported to Spain that were used in thecenarios
tested with the model, as described in Chapter 4. These were based on quantities of fresh and fhagen

exported from South Africa toliat are summarized in TablA4.2.

proportion of frozen fish

year from hypothetical  hypothetical

inputs from  which real realistic all fresh to all frozen to
year 0to 10 datataken Real limits* Spairf all frozen all fresh*

0 0.351 0.480 0.000 1.000

1 0.351 0.480 0.100 0.900

2 2005 0.375 0.480 0.200 0.800

3 2006 0.400 0.351 0.300 0.700

4 2007 0.425 0.422 0.400 0.600

5 2008 0.450 0.426 0.500 0.500

6 2009 0.475 0.359 0.600 0.400

7 2010 0.500 0.494 0.700 0.300

8 2011 0.543 0.543 0.800 0.200

9 0.543 0.543 0.900 0.100

10 0.543 0.543 1.000 0.000

*these scenarios are played out by simply changing the input files

Table A49: Input values off LI A y Q& WRS Y| ydeusetl i MdsdenafioS§estédinithithe model,
as described in Chapter 4. These were basedlmexport quantities of South African hak Spain that are

summarized in Table A4.2.

year
from Spain Spain Spain Spain Spain
inputs which demand demand hypothetical  hypothetical real
from year real data realistic realistic demand demand demand
0to 10 taken decrease increase decrease increase change
0 23227 17495 39916 0 23227
1 22654 18068 35924 3992 23227
2 2005 22080 18641 31933 7983 23227
3 2006 21507 19215 27941 11975 20447
4 2007 20934 19788 23950 15966 19679
5 2008 20361 20361 19958 19958 22164
6 2009 19788 20934 15966 23950 17495
7 2010 19215 21507 11975 27941 18032
8 2011 18641 22080 7983 31933 18662
9 18068 22654 3992 35924 18662
10 17495 23227 0 39916 18662

*these scenarios are played out by simply changing the input files
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Appendix 4continued.

Table A410: Input values ofTotal Allowable Catch (TAC) of hake thaere used in thescenariogested with
the model, as described in Chapter 4. These were basedtlmtime series of South African hake TAC
described in Table A4.1.

year
inputs from
from which TAC TAC
yearOto realdata hypothetical hypothetical real TAC realistic realistic
10 taken TAC increase TAC decrease changes increase  decrease
0 2003 0 286000 163000 103000 166000
1 2004 28600 257400 161000 109300 159700
2 2005 57200 228800 158000 115600 153400
3 2006 85800 200200 150000 121900 147100
4 2007 114400 171600 134998 128200 140800
5 2008 143000 143000 130532 134500 134500
6 2009 171600 114400 118578 140800 128200
7 2010 200200 85800 119860 147100 121900
8 2011 228800 57200 131846 153400 115600
9 2012 257400 28600 144671 159700 109300
10 286000 0 130000 166000 103000
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Appendix 5: Model Inputs for Chapter 5.

Table A5.1: Nominal Catch per Unit Effort (CPUEIe series fron 1978 to 2012, courtesy of Department of
Agriculture, Forestry and Fisheries, aral transformed unitless scal¢hat was produced 6ér input to the
model. Transformed values were computed, by eraging the two hake species CPUE, determining the
maximum of the species average nominal CPUE (57.378 tons/month) and using a maximum just above this
value (60 tons/month) as the maximum possible CPUE which would be equivalent to 1 on the transformed
scak. For Chapter 5 and subsequent chaptenset final transformed CPURime-seriesis usedfor model

reality testingandthe average value is used fatandard runsin the sensitivity analysis

transformed CPUE

Nominal CPUE (tons/month) (unitless)
Year M. paradoxus M. capensis M. sppaverage M. sppaverage
1978 29.346 36.792 33.069 0.551
1979 28.908 64.824 46.866 0.781
1980 28.908 50.808 39.858 0.664
1981 28.032 52.560 40.296 0.672
1982 27.594 55.626 41.610 0.694
1983 31.098 58.254 44.676 0.745
1984 33.726 66.576 50.151 0.836
1985 37.668 77.088 57.378 0.956
1986 38.982 58.692 48.837 0.814
1987 35.916 47.742 41.829 0.697
1988 38.106 59.568 48.837 0.814
1989 38.106 68.328 53.217 0.887
1990 46.428 53.436 49.932 0.832
1991 49.494 60.882 55.188 0.920
1992 53.436 49.056 51.246 0.854
1993 60.882 34.164 47.523 0.792
1994 65.262 38.982 52.122 0.869
1995 56.064 46.866 51.465 0.858
1996 67.890 30.222 49.056 0.818
1997 57.816 25.404 41.610 0.694
1998 60.444 34.602 47.523 0.792
1999 57.816 44.676 51.246 0.854
2000 41.610 63.510 52.560 0.876
2001 37.668 46.866 42.267 0.704
2002 35.040 23.214 29.127 0.485
2003 39.858 24.528 32.193 0.537
2004 32.412 25.404 28.908 0.482
2005 30.660 14.454 22.557 0.376
2006 32.412 20.148 26.280 0.438
2007 38.106 24.090 31.098 0.518
2008 42.924 20.148 31.536 0.526
2009 49.494 29.784 39.639 0.661
2010 60.882 35.478 48.180 0.803
2011 59.130 43.800 51.465 0.858
2012 51.246 28.908 40.077 0.668
min 27.594 14.454 22.557 0.376
max 67.890 77.088 57.378 0.956

average 43.525 43.299 43.412 0.724 245| Page




Appendix5 continued.

Table A5.2 Inputs of Dtal Allowable Catch (RQ and country (market) émand used in the sensitivity
analysisof Chapter 5 are shown in blacRAC and demand are based on the values in Table A4.1 and A4.2,
respectively.

TAC  Domestic Spain  Other

-100% 0 0 0 0
standard run 143000 15174 19958 1841
+100% 286000 30348 39916 3682

TableA5.3 Inputs of the processing efficiencyf companies for fresh and frozen hakend the proportion
frozen hake demanded by companieshat were used in thesensitivity analysisof Chapter 5 areshown in
black. These are based on the values of Table A4.2.

proportion frozen frozen efficiency fresh efficiency
super super
Domestic Spain Other small medium large cluster small medium large cluster
-100% 0 0 0 0 0 0 0 0 0
f;?]”dard 095 0439 0951 068 082 082 068 0 052 053 0
max** 1 1 1 1 1 1 1 1 1 1 1

** the index varies from ©1, meaning that not all % transformations of the inputs are possible. Impossible inputs are left blank an
always the maximum
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Appendix5 continued.

TableA5.4:Input values of thequota (i.e. the proportion of rights vinere 1 is 100% of the TAC) for different
sized company agentthat were used in thesensitivity analysioof Chapter5 are shown in blackThese were
based onthe aggregated values of % rights held by the small, medium (med), large and stipster types
described in Chapter 2 which are given as the standard run.

super
small med large cluster
standard run 0.031 0.225 0.529 0.059

small variations 0.000 0.235 0.539 0.069

1.000 0.000 0.000 0.000

medium 0.106 0.000 0.604 0.134
variations

0.000 1.000 0.000 0.000
large variations 0.207 0.401 0.000 0.235

0.000 0.000 1.000 0.000
SC variations 0.051 0.245 0.549 0.000

0.000 0.000 0.000 1.000

TableA5.5: Inputs ofthe numbers of factory freezer, freezer stern trawlers and wish stern trawlers that
were usedfor sensitivity analysisof Chapter 5 and subsequent chapters. Values shown in black were those
used in Chapter 5. Values used in the standawh are representative of vessel numbers quantified during
the industry consultation and data collection phases of Chapters 2 and 3.

small medium large supercluster

factory  freezer wet- factory freezer wet- factory freezer wet- factory freezer wet-
freezers trawlers fish freezers trawlers fish freezers trawlers fish freezers trawlers fish

100%** 2 2 2 6 28 10 6 6 32 2 6 2
Standard run 1 1 1 3 14 5 3 3 16 1 3 1
-100% 0 0 0 0 0 0 0 0 0 0 0 0

** all values rounded to the nearest integer as fractional vessels are not possible
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Appendix5 continued.

TableA5.6 Inputs of Gtch per Unit Effort (BUB and stochasticity of catching fisthat were usedfor the
sensitivity analysisin Chapte 5 and subsequent chaptersThose shown in black were used in Chapter 5.
CPUE values are based on the average of the transformed time series in tableaffl. stochasticity values
are based on the use of an intermediate value in the standard run.

CPUE stochasticity

-100% 0.00 0.00
-50% 0.36 0.25
standard run 0.724 0.500
+38.21%* 1.00 1.00

*stochasticity is +100%
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Appendix 6: Model Inputs for Chaptes.

TableA6.1: Average nonthly fuel price of Diese(500ppm and 1®00 ppm Sulphurjor the years 2002012,
based on data courtesy of members of the offshore demersal trawl industry in South Africa. Fuel price has
been aggregated, averaged and presedtwith fewer decimal places here to avoid publicizing confidential
data.

nett fuel cost (South African Rands)

year Average max min Std Dev
2000 2.00 2.42 157 0.35
2001 2.06 2.15 1.98 0.07
2002 2.35 2.68 2.14 0.17
2003 2.13 2.59 1.66 0.29
2004 2.41 3.03 1.93 0.33
2005 3.19 3.71 2.29 0.52
2006 3.99 4.73 3.38 0.45
2007 4.36 5.33 3.61 0.53
2008 7.31 9.39 5.34 1.39
2009 4.27 4.56 3.99 0.21
2010 4,78 516 4.42 0.21
2011 6.42 7.61 5.18 0.65
2012 7.58 8.24 6.91 0.40
entire period 4.11 9.39 1.57 1.97

Table A6.2: Average annual EUR/ZAR exchange rates based on monthlypoiit foreign exchange rate
data from oanda.confor the 2003 to 2014 period

EUR/ZAR Exchange rate

Year Average Minumum Maximum Std Dev
2003 8.53 7.87 9.21 0.45
2004 8.00 751 8.73 0.35
2005 7.91 7.55 8.20 0.16
2006 8.51 7.30 9.64 0.91
2007 9.65 9.34 9.97 0.20
2008 12.05 10.24 13.43 0.86
2009 11.69 10.94 13.15 0.82
2010 9.72 9.04 10.65 0.48
2011 10.08 9.22 11.05 0.57
2012 10.55 10.03 11.32 0.47
2013 12.81 11.64 14.19 0.88
2014 14.43 13.83 15.02 0.36
entire period 10.30 7.30 15.02 2.04
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Appendix6 continued.

Table A6.3: Value in Euros paid for every ton @fesh hake exported from South Africa tanajor importing
countries. Valuegpresentedfor fresh hake for the ime series 20082011are based on the analysis of export
data extracted fromTradeMap(www.trademap.org) that is described in Chapter 3.

Value by weight of fresh hake exports (Euros/ton)

Importers 2005 2006 2007 2008 2009 2010 2011 Average
World 2572.D 2880.04 2754.44 1965.00 1977.33 2056.60 2001.41 2315.29
Australia 0.00 0.00 5073.08 0.00 0.00 0.00 0.00 5073.08
France 1254.36  2499.67 3187.73 2887.36 2124.62 2106.56 1582.21 2234.64
Germany 2189.97 2481.36 3097.58 2849.13 1904.24 2015.61 2136.96 238212
Italy 0.00 0.00 3161.63 0.00 0.00 0.00 7968.04 5564.84
Netherlands  2968.37 1985.12 3273.39 2513.62 2184.04 0.00 1591.49 2419.34
Portugal 3609.63 4066.99 3804.15 3458.78 2993.94 2177.37 4252.74 3480.52
Spain 2544.96  3060.30 2905.73 2097.48 2011.27 2082.99 2006.21 2386.99
United

Kingdom 1977.71 1832.77 2121.42 1590.95 1821.52 1860.60 1805.15 1858.59
USA 4488.84 7104.98 6692.71 0.00 0.00 6077.02 4593.75 5791.46
Other

countries 3872.41 5823.17 3164.36 2261.04 1590.23 2126.51 4277.90 3302.23

TableA6.4: Value in Euros paid for every ton éfozenhake exported from South Africa tanajor importing
countries. Valuespresented for frozen hake for the time series 2002011 are based on the analysis of
export data extracted fromTradeMap (www.trademap.org) that is described in Chapter 3. Frozen hake
guantities arecalculated as the sum of alish exported underHS export codes that represented frozen hake
(i.e. 0304-, 030378 and 160419)weighted according to the proportional contribution of each code total
world frozen exports.Details on product types and hake exports can be found in Table 3.1, Chapter 3 and
Appendix 3.

Value by weight of frozen hake exports (Euros/ton)

Importers 2005 2006 2007 2008 2009 2010 2011 Average
World 1784.3 2134.9 22241 2265.4 1989.3 2379.8 2526.4 2186.3
Australia 2474.2 3220.7 2579.4 3179.8 3004.8 4930.6 5039.6 3489.9
France 2108.9 2109.4 2082.0 2629.9 2504.0 2461.8 2543.8 23485
Germany 52.3 261.7 324.0 231.9 2301.7 1192.7 1313.9 811.2

ltaly 1401.0 1689.6 2062.0 1682.5 1769.9 2206.0 2369.8 1883.0
Netherlands ~ 2787.5 1981.4 430.3 203.0 201.9 2757.5 2676.4 1576.9
Portugal 1790.4 2283.2 2027.9 2446.2 2087.8 2101.5 2281.6 2145.5
Spain 1733.0 2039.1 2342.9 2427.8 1998.0 2042.1 2248.3 2118.8
United

Kingdom 1952.4 19684 3189.3 3553.0 1769.6 1563.9 1639.2 2233.7
USA 1100.7 1528.2 1714.6 6255.9 3443.6 4184.8 1471.7 2814.2
Other

countries 1366.7 1508.5 1723.1 1727.7 1691.2 1981.6 2249.0 1749.7
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Appendix6 continued.

TableA6.5: Total Allowable Catch (AQ and markeé demandmodel inputs used inthe sensitivity analysisof
Chapter 6 are highlighted in blackRhese inputs are based on the averagetbe TACtime seriesin South
Africa that is presented in Table A# and the demand (i.e. quantity of hake purchased byucdries)
presented in Table A4.2Abbreviations are as follows: UK United Kingdom, Ausg Australia, Ger¢
Germany, USA United States of America and NgINetherlands.

TAC Domestic Spain UK Other
-100% 0 0 0 0 0
-50% 71500 7587 9979 1914 920.5

143000 15174 19958 6169 4685 3828 3638 1932 1624 1216 632 1841
standard run

+50% 214500 22761 29937 5742 2761.5
+100% 286000 30348 39916 7656 3682

TableA6.6 Input values of the proportion of frozen fish that were used in tlsensitivity analysiof Chapter
6 are shown in blackValueswere based on average quantities of fresh arfidbzen exports purchased by
countries given in Tabled4.2. Estimates for the South African domestic market were based on industry

consultation. Abbreviations are as follows: UK United Kingdom, USA United States of America and Ng

Netherlands.

*% . .
Domegic Spain UK Other

-100% 0 0 0 0
-50% 0475 02198 0.22125 0.47555
f;i”dard 095 04396 009999 009895  0.4425 1 09424 08376 0941 09654 09511
50% 0.6594 0.66375
MAX 1 1 1 1

** the index varies from 0 1, meaning that not all % transformationéthe inputs are possible. Impossible inputs are left blank and 1 is alwa
the maximum
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Appendix6 continued.

Table A6.7: Input values of the processing efficiency of fresh and frozen hake of companies (i.e. the
efficiency with which companies convemvhole fish to final fish products) that were used in thgensitivity
analysisof Chapter6 are highlighted in blackThese were based on average values reported by companies
during the industry consultation described in Chapter 3.

frozen processing ei€iency fresh processing efficiency
super super
small medium large cluster small* medium large cluster*
-100% 0 0 0 0 0 0 0 0
-50% 0.34 0.41 0.41 0.34 0.26 0.26 0.265 0.26
f;i“dard 0.68 0.82 0.82 0.68 0.52 0.52 0.53 0.52
50% 0.78 0.78 0.795 0.78
max** 1 1 1 1 1 1 1

** the index varies from 0 1, meaning that not all % transformations of the inputs are possible. Impossible inputs are left blank
1 is always the maximum

* note that fresh processing efficiency for small and suglaster companies was assumed to be similar to that of medium
companies.

Table A6.81nput values of thequota (i.e. the proportion of rights where 1 is 100% of the TA®) different
sized company agentthat were used in thesensitivity analysisof Chapter6 are indicated in blackThese
were based onthe aggregated values of % rights held by the small, medium (med), large and stlpster
types described in Chapter 2 vith are given as the standard run.

super

small med large cluster

Starr;‘:‘ard 0.031 0.225 0.529 0.059

small 0.000 0.235 0.539 0.069
variations

1.000 0.000 0.000 0.000

medium 0.106 0.000 0.604 0.134
variations

0.000 1.000 0.000 0.000

large 0.207 0.401 0.000 0.235
variations

0.000 0.000 1.000 0.000

SC 0.051 0.245 0.549 0.000
variations

0.000 0.000 0.000 1.000
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Appendix 6continued.

Table A6.9: Exchangeate and fuel price modelinputs used in the sensitivity analysisof Chapter 6 are
indicated in black. These argased onthe 20032014 averagef exchange rates presented in Table A6.2 and
the average fuel price for 2000012 presented in Tdb A6.1 Note that a zero value for both inputs is

unrealistic in the real world.

Exchange
rate Fuel price

(Euro/Rand)  (ZAR)
-100% 0.000 0.000
-50% 5.150 2.055
-10% 9.270 3.699
standard 10 299 4.110
run
+10% 11.229 4.521
+50% 15.449 6.165
+100% 20.599 8.220

253| Page



Appendix 6continued.

Table A6.10Vesselfuel usage and vesselnd company costshat were used as model inputs for theensitivity analysisof Chapter 6 are showiin black Vessel fuel
usageis based on estimated use pdrorsepowerprovided by industry(see Table 6.2)Company and vessel costs are based on values from Tabld=64.price is based

on dataprovided by industryfor the 2000- 2012 period(Table A6.)

cost of active vessels per month monthly cost to company per vessel (ZAR)**

Fuel usage per month (L) (ZAR)*
wet-fish freezer factory wet-fish factory large medium small Super
freezer freezer vessel freezer cluster
vessel vessel vessel company  company  company
vessel vessel company
-100% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-50% 63614.13 39778.27 101972.00 191680.27 191680.27 191680.27 83333.07 83333.07 83333.07 83333.07
-10% 114505.44 71600.88 183549.60 345024.49 345024.49 345024.49 149999.52 149999.52 149999.52 149999.52

standad
run

+10% 139951.09 87512.19 224338.40 421696.60 421696.60 421696.60 183332.75 183332.75 183332.75 183332.75

127228.27 79556.53 203944.00 383360.55 383360.55 383360.55 166666.14 166666.14 166666.14 166666.14

+50% 190842.40 119334.80 305916.00 575040.82 575040.82 575040.82 249999.21 249999.21 249%09.21 249999.21

+100% 254456.53 159113.07 407888.00 766721.09 766721.09 766721.09 333332.28 333332.28 333332.28 333332.28
*cost is at vesselevel only by vessel per month. This cost excludesrilated costs.

** cost is at vesselevel. Represets L/IM/S/SC_other_company_costs, which in model are multiplied by total number of vessels that companies own to-getrgppey
cost.
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Appendix6 continued.

Table A6.11Theprice paid bymarkets per ton offreshhake (Euros/ton) that were used as modédnputs for the sensitivity analysisof Chapter 6 are indicated in black
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A6.3. The abbreiations UK stand for United Kingdom and USA for the United States of America.

Other
Domestic* Italy Spain countries

-100% 0.00 0.00 0.00 0.00
-50% 1157.64 2782.42 1193.49 1651.11
10% 2083.76 5008.35 2148.29 2972.01
flj";‘]”dard 2315.29 5564.84 2386.99 3302.23
+10% 2546.82 6121.32 2625.69 3632.45
+50% 3472.93 8347.25 3580.48 4953.34
+100%  4630.57 11129.67 4773.98 6604.46

* the world average value oprice paid(per ton) was used as a substitute for the domestic rkat, where real values were unobtainable
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Appendix6 continued.

Table A6.12Theprice paid bymarkets per ton offrozenhake (Euros/tor) that were used as modehputs for thesensitivity analysiof Chapter 6 are indicated in black
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A6.3. The abbreviation USA stands for the United States of America.

Other

Domestic* Italy Spain countries
-100% 0.00 0.00 0.00 0.00
50% 1093.15 941.49 1059.38 874.85
-10% 1967.67 1694.69 1906.88 1574.73
fﬁ”dard 2186.30 1882.98 2118.76 1749.70
+10% 2404.93 2071.28 2330.64 1924.67
+50% 3279.45 2824.48 3178.14 2624.55
+100%  4372.60 3765.97 4237.52 3499.40

* the world average value oprice paid(per ton) was used as a substitute for the domestic market, where real values were unobtainable
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Appendix 6continued.

Table A6.13Inputs of Gtch per Unit Effort (BUB and stochasticity of catching fisthat were usedfor the
sensitivity analysisin Chapter 6 are shown in black. CPUE values are based on the average of the
transformed time series in table A5.and stochasticity values are based on the use of an intediate value

in the standard run.

CPUE stochasticity

-100% 0.00 0.00
50% 0.36 0.25
-10% 0.65 0.45
standard -, oo, 0.500
run

+10% 0.80 055
+3821%  1.00 1.00

*stochasticity is +00%
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Appendix6 continued.

TableA6.14 Inputs ofthe numbers of factory freezer, freezer stern trawlers and with stern trawlers belonging to small, medium, large and sugduster companies

that were usedfor the sensitivity analysisof Chapter6 are shown in black. Values used in the standard run are representative of vessel numbers quantified during the
industry consultation and data collection phases of Chapters 2 andnputs can only be whole numbers, so fractional vessel numbers were rattb the nearest
integer. Runs included either all vessels for all companies at maximum and minimum, and all freezerfishevessels at maximum and minimum, and all vessels for

each company at maximum and minimum, while other companies were held atstendard run value.

small medium large supercluster

factory freezer wet- factory freezer wet- factory freezer wet- factory freezer wet-

freezers trawlers fish freezers trawlers fish freezers trawlers fish freezers trawlers fish
100%** 2 2 2 6 28 10 6 6 32 2 6 2
Standard run 1 1 1 3 14 5 3 3 16 1 3 1
-100% 0 0 0 0 0 0 0 0 0 0 0 0

** all values rounded to the nearest integer as fractional vessels are not possible
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