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Magic Pelagic — The Creation and Distribution of Véue in Networks:
Experiments Conducted in a Multi Agent-Based Simulaons Model of the North
Atlantic Herring Network

Abstract

The industrial network connecting herring supplyhwdemand comprises two separate but
related sub-networks, identifiable based on thgimof the herring as coming from either
Norwegian or Icelandic catchers. The sub-networ&sdastinct in that they show two

different ways of organizing the exchange systetwéen the levels of catch, primary
processing and export of herring, while they bathpdy many of the same customers. This
study models such an industrial network as an exgdhgaystem using a multi-agent
simulation to perform experiments testing how W#oiss in uncertainty regarding the
characteristics of the input resource in combimatiith changing demand patterns of users
affects the accumulation of exchange values irsyiséem as a whole and the distribution of
value between the two sub-systems. Although inemieg, results indicate that the internal
organization of the sub-networks matters in refatmthe realization and distribution of value
among its members and between the two structucese $ypes of organization are more
adaptive to some changes in conditions and arerlmtited to absorb such changes compared
to other types of organization.

1 Introduction

Norwegian winter herring, ddorsk Vargytende Sild — NV@ Norwegian, is a special kind
of herring, which is being caught and processedhfmnan consumption. The activities
involving catching, processing, distribution anthing of herring are parts of a large
industrial network comprising many actors with drént roles in the transformation process
of the herring. Such networks can be seen as corneplehange systems (Prenkert & Hallén,
2006) in which resources are being transformed inataral conglomerate resources into
assortments ready for human consumption by end @aé&terson, 1957, 1965; Alderson &
Martin, 1965). These exchange systems — or in@istetworks — are conducive to the
matching of production structures with patterns@ssumption, hence performing one of the
basic tasks of marketing (Mclnnes, 1964; Shaw, 1912



The industrial network connecting herring supplyfmdemand (termed the ‘herring network’
here) comprises two separate but related sub-nk$wigientifiable based on the origin of the
herring. Herring caught and fed into the systentdejandic vessels through Icelandic

primary processors constitutes the basis for telihdic sub-network, whereas herring caught
and fed into the system by Norwegian vessels tHrdNmywegian primary processors
constitutes the basis for the Norwegian sub-netwbhlese sub-networks are distinct in that
they show two different ways of organizing the exatpe system between the levels of catch,
primary processing and export of herring. Howetlgy both supply many of the same
customers and eventually provide European andrinAsian retail with herring based

products.

The herring network thus performs the fundamertahemic task of matching consumer
demand patterns for herring with production strregtand with the supply of that particular
conglomerate resource (Alderson & Martin, 1965) Eichange system provides access to a
processed version of the conglomerate resourcabdaitor consumption. The economics of
this lies in that this transformation of a congloate resource into a product suitable for

direct human consumption entails the creation goucapriation ofvalueby the system.

2 Problem and Purpose

This paper is concerned with the concept of vataesreation and appropriation (or
accumulation) in exchange systems. We base oustigetion of these phenomena on the
herring exchange system including the IcelandicMovegian sub-networks. Our basic
inquiry relates to how value is created and accatedlin the system, and how the creation
and accumulation of value changes depending oati@miin the quality of supply of the
conglomerate resource, and in the demand for gualihe final product from end users. Or
more specifically; given an industrial exchangeays(network) comprised of two sub-
networks such as the Icelandic and the Norwegiamarks — how can we understand how
changes in the supplied and demanded quality abuh@ut (processed herring) of the system
affects the distribution of value between two sypmtworks differing only in their internal

organization?

We will present a model of quality variation andftshin the exchange system utilizing a

multi agent-based simulations model in order toegate a better understanding of the



behaviour and sensitivity of the system to sucngka. Such an understanding is crucial for

actors within the system as well as for actors agnat regulating the system.

The paper will continue with a discussion of themeological choices made, thereafter a
section outlining the view on value and value disifion in exchange systems will be
presented. After that comes a description of thetNAatlantic herring exchange system case
outlining the two supply-networks and the demani@ sif the herring network. The following
section in describe the simulations model is in saketail followed by the reporting of our
experiments. The paper concludes with a discussionr findings outlining some
implications for our understanding of value accuatioh and distribution in exchange

systems and networks.

3 Methodological Considerations

3.1 Study Approach and Design

This paper reports an investigation into the “Ndktlantic herring network” based on a
gualitative approach (Morgan & Smircich, 1980)imiilg case studies to create pictures of
the network and an understanding of its mechan{8eagigrew, 1997). The reason for using
case studies was the requirement to get a richrgieind a well-developed understanding of
the mechanisms controlling the functioning of tleerimg network conceptualized as an
exchange system. Case studies are especially wgednl underlying mechanisms that shapes
patterning in events are under investigation (Dsii@Araujo, 2004; Pettigrew, 1997), as is

the case with this study.

In developing the case studies, data and theoeyaated and shaped each other in a way
characteristic for case studies (Dubois & Gadd@22&agin, 1992) which contributes to
tightening the study to some extent and to crea&nae of direction in the enquiry (Ragin,
2000; Miles & Huberman, 1994).

3.2 Data Collection
Data were collected through semi-structured ineawgi with actors in the North Atlantic
herring network. Icelandic as well as Norwegiarchand processing firms were included.

Semi-structured interviews with customers in Polagsdavell as interviews with industry



experts on the demand structure in Russia and Ggrmere also conducted to cover the

demand side.

3.3 The Role of the Case in Building the Simulations el

The mechanisms identified and uncovered in the stagkes form the foundation for the
construction of an agent-based simulation mod#éh®exchange system. The simulations
model is thus based on “cased” data (Ragin, 128%),is realized as a model of an industrial
network made up of the three central types of adimatch-operators, industrial processing
operators, and retailers) is constructed. This misdeéen transformed into an agent-based
simulation (Gilbert & Troitzsch, 1999; Axelrod, 1BRa simplified, abstracted and quantified
model of the empirically studied network. Serieggperiments was conducted within this
simulated environment in order to explore the é¢ff@ver time of changes in central
variables, and the boundary conditions for the gemre of significant changes in
relationship formation and exchange value distidyutThis paper reports results from some
of these experiments.

4 Value in Exchange Systems and Networks

In this paper we focus on value and how value iegted and distributed in an exchange
system or a network. Value is a concept carryingyn@nnotations and it has been subject to
many analyses from fields such as strategy (Pdr@85; Porter & Millar, 1985),

management (Fjeldstad & Ketels, 2006; Normann & Rem 1993, 1994; Stabell &
Fjeldstad, 1998), and marketing (Anderson, 2004jekson & Narus, 1998, 2004; Ravald &
Gronroos, 1996). From a business relationship pets, Blois (1999, 2003, 2004) suggests
a set of value equations based on the works of (D299), to conceptualize the perspectives
of the supplier and customer, respectively and talve is generated in exchanges.
Blankenburg Holm, Eriksson, & Johanson (1999) saggalue to be analyzed and
understood as a function of the adaptations madegh commitments between two parties

in a relationship.

All these discussions and conceptualizations aferahare the common idea of the exchange
as the source of value. Based on the exchangendgda & Prenkert (2004) develop a

conceptualization of value as stemming from twdedént but equally important sources; the



exchange itself and the context in which the exgkdrresource are being applied and
embedded, in line with the idea of Johanson & W&a000).

We distinguish value from utilify in that utility (Shaw, 1912; Weld, 1916) is seenthe
unrealised potentiainherent in resources stemming from the heterageassumption

(Alchian & Demsetz, 1972; Alderson, 1957, 1965; &kbn & Martin, 1965; Penrose, 1959),
waiting to be realized by a process of value raéitin, whereas value is tlpecific realized
resultof ongoing interaction processes in a certainedrinh a certain moment in time, at a
certain place by a certain entity claiming owngughi certain resources. Value is the result of
such processes freeing the utility potential inhene heterogeneous resources. This utility
potential is what Edith Penrose calls the “servitleat a resource can render (Penrose, 1959).

The conceptualization of value by Hakansson & Peenf2004) is based on a classical
economic distinction suggested by Marx (1845/1988B4) and developed by Béhm-Bawerk
(1888) and Menger (1871), viewing value as beingvof kinds:exchange valuanduse

value Exchange value arises from the processes of ameep relating to each other in a
given dyadic exchangendto otherssimultaneouslyUse value arises from the capability of
each party tindependentlgontextualize the resources acquired from the axgh
independentlyf the exchange in question, thus entailing a nmaraéclosureof an otherwise
open system (Hakansson & Prenkert, 2004). Hendee waeation comprises both processes
of relation— in terms of relating to another party in a dgaghchangemediation- in terms

of the simultaneous relation to others via a gieechange dyad; andolation— in terms of

choosing on a systemic closure.

Following the discussion above, we will measurenaxgie value as the dependent variable in
our experiments as one way to model the valueioreahd distribution in the herring
exchange system. We do not consider use valuesimeghuse from the point of view of the
exchange system as a whole, the use value retatatketgiven exchange can be seen as the
exchange value in a subsequent exchange. It istamo@two different closures within the
exchange system isolating certain parts while irejab others and mediating some. Although

distinct when considering any single specific exd® the distinction between use value and

! In this paper, we view utility in line with the soeptualizations made by Shaw (1912) and Weld (1916
identifying four utility types: form, place, timend ownership. These utilities have been identifisctentral
sources of value in complex exchange systems asnet (Prenkert & Hallén, 2006).



exchange value dissolves when considering an edorexuhange system as a whole,
because then the closure is made around the winstiens. Thus, we can measure the total
creation and appropriation of value in an exchaygtem by simply aggregating the
exchange values realized in each micro exchandgadic interaction of the system. Hence,
in our simulation, we add all the exchange valuasegated in all the different micro
exchange dyadic interactions in the exchange sygidorm a measure of tltkstribution of
accumulated exchange value created over time battireetwo supply structures modelled.

4.1 Implementing the Realization of Value in the Sinatlons Model

In the simulations model, the exchange value géee@ifaom the exchanges is implemented as
thedifferencebetween a certain characteristic of an exchangetuece and the expectations
a user of this resource hayalderson, 1957, 1965; Alderson & Matrtin, 1965)e\8hall

elaborate this to some extent.

Firstly in looking at the resource being offerdte tharacteristics of a certain exchanged
resource are the services rendered by it (Pent888). This is implemented in the model as
the “guality” of the resource in question and isigsed a numerical value (0-100; see also

section 6.3 for more details) representing thigattaristic.

Secondly, a user of this resource experiences seqoence of the acquisition of the resource
in terms of how close it is to the usea griori preferences for this kind of resource (Alderson
& Martin, 1965). These preferences are formed fasetion of the demand they are facing
from end users (consumers) of the resource, anstithetures(s) of other resources and
activities that the traded resource will interfag¢h in order to be transformed into different

end states or assortments.

Hence, the gap between the services rendered égaarcgiven resource acquired in an
exchange and the user’s preferences set for tbanmsdenotes the exchange value realized
in the exchange (Alderson & Martin, 1965, p. 126)e closer the user can get to the set
preference level in this matching, that is, the llanshe gap, the higher the value for the user
and, thus the higher the realized exchange valoe sé@me principle applies for the entity
offering the resource: The better the match betweemuality of their offer and the quality

preference of the user, the higher the realizetiaaxge value. The worse a match, the lower



the realized exchange value. This is how we hay#emented the realization and

appropriation of exchange value in the simulatimglel (see also section 6.3).
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ic Herring Network as an Exchange System
As we have touched upon earlier, we view the NAttantic herring exchange system as
comprised of sub-networks that are interlinked tigtoa common source and common
markets. The supply-side of the network is madefujpe Norwegian and the Icelandic
supply-networks respectively, while we have chaseview the demand-side of the network
dividable into two sections, defined by the dempatlupon the supply-structures by the
members of these groups ($egure 1). We will deal with the demand side in more detail

soon; bet let us first examine the supply-sidenefdased network.

5.1 The Norwegian Supply Network
The Norwegian sub-network consists of a number afenor less independent actors
purchasing, processing (gutting and filleting mginfreezing, and marketing herring to

industrial actors that are mainly located outsifisl@arway. The industry can be seen as



comprising two main functions; primary processing @xporting. In many cases these will

be one company, but there are a number of bothgromessors and pure exporting firms.

The supply of herring is, not surprisingly, a kegue for the existence of this network. For
the Norwegian herring sub-network, supply comemftbe Norwegian (and to a lesser
extent, foreign) fishing fleet. This consists ahing vessels operating out of and landing
catch in Norway. While these vessels deliver thatch directly to processing facilities along
the coast, the coordination between fleet and lsugepelagic products is controlled and

handled through a central system. (G&gire 1,above.)

The way interaction between catch vessels and indlactors is organized plays an
important role in this study. As a function of Nagvan regulations and the way the catch
side is organized, all transactions between thdseaatch herring and those wanting to buy
have to be conducted through the central auctistesy. This auction is owned and operated
by Sildesalgslaget, an organization with its ragmgg back to the first herring fisherman
organization founded in 1927 in order to incredmeliargaining power of the fishermen when
dealing with the industry and owned and governethbypelagic fishermen. Since 1989

Sildesalgslaget has been the sole sales orgamiAatipelagic fish landed in Norway.

Today, they operate the largest auction for peléigiicin Europe, with an annual turnover of
about 4 to 6 billion NOK. This is from a volumeatfout 2 million tons of fish distributed on
15-20000 landings along the coast. Modelled on &ibflower auction system, the
Sildesalgslaget auction is set up as a blind anietioere the buyers are unaware of whom
else is bidding and how much they are bidding. Wbgging on to the auction system, the
buyers get a list of the available catches witbrimfation on volume, quality-estimates, time
of catch, and distance from landing facility etbisTlist is generated as fishing vessels report
their catches to the auction operators, and theelealso specify to what areas they are
willing to deliver their catch when doing this. Ralson this, the bidders can enter a prioritised
list of bids on a set of the available catches,theg are also able to enter a minimum total
guantum they are willing to accept. After the anictcloses, the auction engine returns an

allocation of catches to buyérs

2 There have actually been occasions where thersyss been unable to arrive at a workable solutind,the
process has had to be restarted after manuallygattaeome of the input to the system.



When the optimization process is completed, fishvi@gsels are contacted with information
on bidder and location of landing for the winning.ldf the captain chooses to accept the
winning bid (there may be cases where he has r&s$eng), the buyer is contacted and
informed about which, if any, catches he has wdre Buyer can then start preparing for the
landing and schedule production for the next hbased on what catches he knows will be
coming in. The auctions close up to four times y (d&pending on season), and there seems
to be a general consensus among the actors irethverk that this is a relatively efficient

system for directing catches to buyer as they becawvailable.

5.2 The Icelandic Supply-Network

A major shift in the Icelandic herring industry itaken place from the 2001 season on. Until
the 2001 season, the bulk (more than 60%) of Icktaratch of herring had been going to
fish-meal and fish-oil production. Having obsentbd high prices Norwegian suppliers
attained for herring going to human consumptioruadothe turn of the millennia, Icelandic
companies invested heavily in equipment enabliegitho increase their suppliers to such
markets before the 2001 season. The most imponeestments made were the contracting
of several large trawlers. Compared to the purseesedominating until then, the trawlers are
able to catch herring with a lot less damage aatetbre higher quality. Combined with an
increase in freezing on land this enabled Icelandiopanies to increase the percentage of
herring going to human consumption from less tha#b 2intil then to more than 50% and

rising from 2001 on.

In 2001, Icelandic companies started harvestirgelaguantities of NVG using large trawlers.
The NVG were frozen at sea and most of it was ntadke the processing industry in
Poland, which happily welcomed the Icelandic sugplias an alternative to the Norwegians
(see alsdrigure 1, above). This way of operation means that the Icitanerring for the

most part never will be landed on Iceland, and tiarte is no need to operate processing

facilities for pelagic fish going to human consuiapton shoré.

5.3 Supply Structure Organization — Central Empiricalifrdings
As we have showed, the key difference between thevdgian and Icelandic pelagic
industries is how they are organized. While, asidesd above, the Norwegian industry can

® There is still a significant production of meabawil from pelagic fish on Iceland, but that liestside the
scope of this study.
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be characterized as highly fragmented and with iretly vertical integration, the Icelandic
industry is more or less the opposite. A small nendd companies dominate the industry,
and it appears to be the industrial actors thaedhe development of the industry. Together
with the very different organization of exchangéamen catch and industrial actors between
the two supply structures, this has lead to a nurabdifferences between the two structures.
The most important differences for the purposeufinquiry are connected to the ability of

these structures to handle uncertainty and evolvssg preferences.

The Norwegian structure is, due to the freedom afticimng of the auction system, more
effective in absorbing the natural variation in lgyaand quantity this source of raw material
exhibits. This variation, which is partially stodtia in nature, is in principle more difficult to
absorb for the Icelandic actors who are ‘tied’pedfic vessels in terms of sourcing. The
Icelandic structure, on the other hand, shouldditebat adapting to systematic changes in
customer demands, as the much tighter relation§i@pgeen catch, industry and ex-Iceland
customers makes customer specific adaptation lastiereand less risky than it is for the

Norwegian suppliers. We will return to these issinethe later experiments.

5.4 Destinations of Herring in the Exchange System —dBemand Side

Let us leave the countries making up the supplg sidhe herring industry and move on to
their customers. If we take a very broad lookhateénd users of herring products, we will
argue that the main destinations for herring tatkrybe split in two distinct categories, and
that the most salient differentiating factor betwége two groups is the demands they put

upon their suppliers.

The first of these is the supply structure conreetbethe supply systems of the large, modern
retail chains. These tend to be more demandingrtsataeir suppliers than customers that are
not serving these retailers. In western countrieshave seen the market shares held by large
retailers rise significantly over the last decafee Marfels [1992] who examine this
development in Germany), to the situation todayneheig retail’ totally dominates food
retailing in many countries. During recent yeang, $ame development has been, and still is,
taking place in the Eastern European countriesna&ven higher pace. An effect of this is that
the supply structure serving these retailers aneerapless forced to accept very rigid
demands on pricing, stable quality and timing divéeies (Asche and Tveteras 2005; Bloom

and Perry 2001; Collins 2002; Collins and Burt 200idustrial processing requires a higher

11



level of standardization on input, better coordmratowards suppliers and in general a higher
level of adaptation to their needs in order to echiefficiency in production. There are also
indications that customers who buy products thatnaore highly processed tend to put higher
demands on the supplier’s ability to play a pagioduct and process innovation over time.
The result of this is that both supplier and bugehese systems benefit from having more
stable relationships that allow for closer inteigmatbetter coordination and investments in
product and process development. Based on the daksntlails group of customers put on their

supply structure they will be defined in our studynore demanding users

If we look at the export figures for herring fronoiWay, it is clear that the really big markets
for herring today in terms of volume are Russiatdilke and Belarus. For the Norwegian
exporters, these markets were “created” in the dilrfollowing the fall of the iron curtain
around 1989-1990, as the Soviet fishing fleetifet disarray and the borders opened.
Consumers in these countries have traditionallyghotheir herring on markets with lots of
small sellers, and the supply structure

built up on serving this retail structure is Retail channel type
still dominant in these markets. The end Modern Retail _Traditional Retail
users these customers serve generally High High Medium
purchase products that have been througlvel of
. . . . . processing

relatively little industrial processing,

. L Medium Low
meaning that the demands on o

innovativeness in product development
and process improvement are relatively Figure 2: Customer demand classification

low. This means that these customers will be lemsied about switching between suppliers,
as long as they are able to buy enough to fulfiitomer demand. For a supplier, the less
demanding customers can quite clearly be profitdalethey will not contribute to or drive
product or process innovation. More importantlys @roup is diminishing rapidfyas the

retail structure changes and customers in theskatsadevelop new preferences. Due to their
relatively low demands on suppliers in terms of@stability, coordination and adaptation

these customers are defined in our studyessdemanding users

* If we are to be precise, less demanding custoamssich are not really disappearing; they are gimpl
becoming more demanding.

12



6 The Simulations Model

One of the basic assumptions in this paper isiti@nhot only possible, but also of interest to
view economies as evolving complex systems (Andaer8aoow, & Pines, 1988). In this

paper, we have conceptualized networks as a typgabfange systems displaying a high level

of complexity and comprising evolutionary procesgaenkert & Hallén, 2006).

The main issue being addressed in this study isitheaction between different levels within
an exchange system and the effects these intemadiave on the development and
effectiveness in terms of the accumulated exchaalye of the exchange system as a whole
and of its two constituent sub-networks. In thistesm we shall extract a set of variables and
entities that describe a simplified model of thef@ange system including the two cased sub-

network(s) in a manner suitable for simulated expents.

6.1 Constructing a Model World of the Exchange System
The construction of the simulations model can kenéed to the creation of a small model

“world” of the North Atlantic herring exchange sgst. The basic structure of this model

Icelandic Norwegian
Suppliers
Primaries

\ N

Users

More Demanding Less Demanding

Figure 3. A Simplified Exchange System Model

world — or simplymode] is found inFigure 3. This figure illustrates the two sub-networks of
Iceland and Norway showing that on a structuragliéhve main difference between the

Norwegian and Icelandic sub-networks lies in thgaaization between the catch actors,

13



primary processing actors and exporters. In contoathe auction market organization found
in Norway, the interaction between fleet and indust the Icelandic sub-network is
characterized by a high degree of vertical integnaf70-90% of all vessels are integrated,
meaning that primary processing takes place onebth&r ship). In terms of ownership and
control, the integration also incorporates the eixfumction, which means that the Icelandic

suppliers act as completely integrated companigars their customers abroad.

As can be seen irigure 3, the exchange system comprises a set of diffex@ots and they
are modelled as four different majgpesof actors. First, there are tBeippliers or the

fishing vessels inserting herring into the system mteracting with primary processors
through exchange of raw material for financial teses. Second, there are Bramary
processors/Exportersthat are all treated as integrated units in thdehd his is a
simplification that is realistic in some cases vehitese are indeed one company, but, as
discussed previously, there are also a numbermdejpendent processors and exporters. For
the purpose of this study, it is not necessarysorgjuish between these two functions, and

they will therefore be treated as one, labeReinaries.

Third, there are th&sers The user is a representation of the demand stei&ced by the
Primary processor/Exporter, and it incorporatesartgrs, secondary processors, distributors
and retailers. Depending on destination this cambee or less complex. However, as the
issues to be explored further in this study dodgexquire that these different actors are
treated separately, we will treat them as one mated agent in order to simplify the model
and the analysis of the results. What is neededli(amiuded), as should be evident from the
preceding discussions, is a separation betweeitidrzal and modern retail structures, as this

has clear implications on the demands faced bywbesub-networks.

Finally, there are thRelationships In order to make the relationships “come alivethe
simulated world, they will be conceptualized asrageThis allows them to evolve over time
depending on the activities of the two parties lagd in the relationship. It also opens up for
using the relationships more actively when dealitt issues that are connected to the

specific interaction between two actor agents ighly valuable possibility.

Furthermore, the simulations model is based omge laumber of assumptions regarding the

mechanisms and the functioning of the exchangesyadtis set out to model. These are

14



summarized iMppendix I, and functions as the rules and condition thatvgr and control
the model. When the simulation is run, it is doodalowing a certaira priori defined
sequence. For each time-period the same speadifieesee of code is run. This sequence is
important, as any change in it will lead to a cheamgoutcomeAppendix Il provides a

detailed description of the sequencing of the satiahs model.

6.2 The Dependent Variable

As discussed earlier, the dependent variable usedriexperiments based on simulations of
the exchange system was chosen as the accumukateshge value on the supply structure
level. This is measured by adding up the realizeth@nge value for all primaries belonging
to the supply structure during the simulation rline reason for this choice is that it enables
us to address our problem in an effective way Isyesgatically manipulating some of the
basic conditions of the exchange system relatirmutanquiry and to measure the impact of
this manipulation in the accumulated exchange vafuke two supply structures. This gives
us an indication on how the exchange system réatke shifts in the basic conditions which
we aim to investigate, measured as changes irréla¢ian and distribution of value in the

system.

6.3 Quality

Quality is a key concept in this study as it deadke potential of a resource in terms of the
services that it can render a user with which éxishanged (see also section 4.1 for the
conceptual underpinnings of this assumption). éndimulated world, quality is used to
denote the state of the resource being tradesliiplemented as a very simple measure — a
single variable taking on a value from 0 to 10Qssed. This value does not indicate good or
bad qualityper se but differences in the services rendered byrdmbedd resources. Resources
traded in the simulation are heterogeneous, andatue of a resource is not independent on
who valuates it. For the users, the value of trityuparameter is an indicator of how close
the product is to their preferences for this kifdesource. These preferences are formed as a
function of the demand they are facing from the eser (consumer) of the resource, and the
structures(s) of other resources and activitiegrdaed resource will interface with in order to
be transformed into different end states. For tivagry, the key is to match the quality of
supplied raw material with the demand for spedfialities from users. The closer they get in
this matching, the higher the value for the usel, #imus the higher the realized exchange

value. The same applies to the supplier: The b#teematch between the quality of their offer

15



and the quality preference of the primary (which fsinction of quality demands from the

users they are trading with), the higher the redligxchange value.

6.4 Simulation Model Testing

The simulation model was devised in accordance thigtproblem at hand so as to enable us
to track the development of the accumulated exobhaatie in relation to a systematic
manipulation of some basic conditions of the exgleasystem. Based on case data, the
simulations model comprises two principal typesustomers of primary processors termed
less and more demanding dependent on the leveladitythat these actors require. As a
result we devised experiments to track the devedopiraf accumulated exchange value in the
four combinations of sources of supply and levejudility demanded by users depicted in

Figure 3.

In our main experiment, we ran simulations in whiah systematically manipulated some of
the conditions controlling the functions of the leange system represented by the simulations
model. These conditions are the information proeagss the model through the mechanisms

of the exchange system and which creates variatithe dependent variable.

Although the simulations model in itself allowed fauch more complicated simulations, we
choose to reduce complexity by focussing the erpant as described above. The experiment
was devised so as to simulate a shift in the dersandture where the number less
demanding user group go down and the number of dereanding users go up, making the
average user become increasingly more demanding sirhulation was combined with
experiments where the quality-demand level of tleendemanding group increases, further

increasing the average quality demand.

However, the first step is to create a “baselire®mario. This is constructed to create equal
conditions of the variation in origin of the hegifNorwegian or Icelandic), resulting in
average equal exchange value accumulation. Thissressentially that origin should have
no impact on the dependent variable. This is atwdgst the model structure and make sure
that it works properly in terms of the mechanismsstoolling the dependent variable, and to
create a basis for comparison for the subsequearenent. Baseline scenario testing results

are reported in the following section.
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7  Simulation

Before testing for performance under different abods for the two supply structures, we

will take a look at how they perform under equaiditions. This will form the baseline for
judging the effects of the following experimentaegt. The differences between the two
structures are; a) while the Icelandic primary ag@ne supplied by one or more supplier
agent that is dedicated to them, the Norwegiangmyragents are sourcing through an auction
system, b) the Icelandic supply structure hasthaliraw material input of the Norwegian
structure, and c) the number of Icelandic primaigdsalf the number of Norwegian

primaries. This means that theeragevolume handled by each primary will be the same,
regardless of which supply structure it belongsteerage input quality is set to be equal for

the two supply structures, at a value of 30.

Also, the two groups of users are assumed to lbereift in some ways. Firstly, while the
average size of users is the same for each groemumber of less demanding users is set to
be three times the number of more demanding ushis.means that 75% of total demand
comes from less demanding users. This reflects whatill term a pre-demand-shift

situation, where the traditional structure of ldesnanding buyers makes up the largest group.
Furthermore, the users within the two groups diffiethe following ways:

Table 1. Differences Between Less and More DemandjiJsers

Less demanding More demanding

Demanded Quality 40 60
End-user value put on demanded Quality 45 70
Cost of adapting quality 0.5 1.0

As Table 1shows, more demanding users are assumed to hmgkex cost of adapting
quality, as well as a higher demand for qualityrfrtheir customers, the more demanding end
users. This is balanced by a significantly highed aser price attained for this higher quality
level. The relative values for less and more denmgndsers are set so that the resulting price
for the initial quality level is equal for the twser groups, while the payoff for supplying a

quality closer to the demanded quality will be t@gfor the more demanding user group.
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The baseline scenario has absolutely no uncertaortgected to the quality and quantity of
herring input to the two supply structures. As a&dtouched upon earlier, the level of
uncertainty (or stochastic variation) is expectetidve a different impact on accumulated
exchange value for the two supply structures, aaawvill therefore in the following section
look at the sensitivity of accumulated exchangeeand relationship strength to different

levels of input uncertainty.
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Figure 4. The Effect of Input Quality Uncertainty on Accumulated

Exchange Value for Less Demanding, More Demandingnd All Users

As the graphs iirigure 4 above indicate, the effects of input quality utaeity on
accumulated exchange value are partially diffef@enprimaries belonging to the two

structures. Common for both supply structuresas timder these conditions, an increase in
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guality uncertainty will reduce exchange value fri@ss demanding users and increase it
from more demanding users. The degree differs hewy@nd while the overall effect is
positive for both structures, the impact is mugciyéa for the Norwegian primaries. This is
expected, and it shows that under these conditl@auction market system of the
Norwegian structure is superior in matching a higbeel of heterogeneity on input quality

with the heterogeneity represented by the two diffedemand-structures.

We also tested for different levels of uncertaimtyinput volume, but this proved to have a
very weak effect on relationship strength and riectfon accumulated exchange value, and

the resulting graphs are therefore omitted to spaee.

7.1 A Simulated Experiment — The Effects of Demand Stture Shifts

From our empirical study it is clear that the chaggetail structure is playing an important
role in transforming user structure of herring aneting a change in demands on the supply
structure in the exchange system. The shift frasituation with a high number of small
retailers to a small number of very large and pdweetailers means that the sub-networks
serving retail are forced to adapt to retailer dedsa Given the observed shift in key user
destinations of herring from a traditional struettinat has been less demanding in terms of
stability to a modern retail structure that is lhygthemanding, the second main issue
occupying us in this paper is what happens withdib&ibution, creation and accumulation of

accumulated exchange value in the two sub-netwarken the demand from users increases?

The experiment is designed to test for the effettsshift in the demand structure that
resembles the shift we have seen in western cesrtrier the past couple of decades. To do
this we first created a situation where the demanidme shift from 25% from more
demanding users to 75% from more demanding userstbg simulation period of 20 years
(240 periods). The second part of this experimeatses on the introduction of an increase in
the end-user quality demand in the more demandimgpg These two shifts are first tested

for separately, and then in combination, and infitfngres below we show the more

interesting effects on the dependent variables tt@demand shifts. Due to the importance
of input quality uncertainty we will include thisriable in the subsequent experiments,
testing and reporting the results for low (0%), erade (10%), and high (30%) levels of input
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quality uncertainty. Let us first examine the résolf introducing a shift in quantity from less

to more demanding users.

7.1.1 Volume Shift from Less to More Demanding Customers

As the graphs ifrigure 6 show, a shift in demand from less to more demandustomers

alone does not have a significant impact on exohaadye for either of the two supply
structures. This is as expected, and happens letaeisvo demand structures have the same

exchange value potential throughout the run.
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Figure 6. The Effects of a Shift of Volume from Les to More Demanding Users

As we have seen before, a higher level of inputityuaariation significantly increases
exchange value accumulation throughout the ruthi®iNorwegian structure, while the effect

on the Icelandic structure is negligible.

7.1.2 Quality Demand Increase from More Demanding Customses

As expected, introducing a shift in quality dem&mdthe more demanding group of
customers has an impact on the exchange valueedatading with this group (s&&gure
7). However, this impact is isolated to the Norwegsaipply structure; the Icelandic primaries

are not affected in the same way.
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Figure 7. The Effects of Increasing Quality Demandfrom More Demanding Users

The reason is found in examining the
relationship strength graph (sEégure 8)
the exchange value for the “Ice-more”
combination: Under a situation of high
supply quality uncertainty the Icelandic
primaries behave opportunistically —

trading with the more demanding

customers when they have a particularly

high quality batch to sell. Failing this, and

the more demanding customers demand

Ice-more rel strength

30

//\ \N\_-h‘\_

1 21 41 61 81 101 121 141 161 181 201221 241

Figure 8. Quality Shift Effect on

Icelandic - More Relationships

and

as

increasingly higher quality, the stop trading witis group and focus entirely on the less
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demanding, and more profitable, customers. The g primaries do not have this option
— to find a market for all their products they forced to continue trading with the more
demanding customers even as these become incrigasioge demanding and pay less for a

product that is further away from the desired state

7.1.3 Volume Shift from Less to More Demanding Customer€ombined with
Increasing Quality Demands from More Demanding Custmers
As theFigure 9 shows, introducing both shifts in the simulati@sfa dramatically stronger

effect than any of the shifts alone. Under thisyac®, the opportunistic
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Figure 9. Shifts in Quantity from Less to Moreand an Increase in Quality Demand from
More Demanding Users

strategy of the Icelandic primaries is no longable to the same extent as it was when only
quality demand shifted. As the more demanding gigrogvs, the Icelandic primaries are no
longer able to focus on the less demanding cus®alene, and are hurt by the decrease in
willingness to pay for an increasingly inferior grect by the more demanding customers.

This effect is on average even stronger for theAdgian primaries
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8 Discussion

We will not attempt to draw any extensive conclasion the effects of demand-side shifts
from the simulated experiments presented here. Whdtave shown is a way of utilizing
simulations as a tool to gain a deeper understgrafithe dynamics of exchange systems.
Results are entirely dependent on the assumptiadie nand as such what we have done is a

form of theoretical modelling.

We can however, conclude that different organizatuithin a sub-section of an industrial
network does have an impact on the value creativential of members of this subsection as
the conditions under which it operates changes,Alar model illustrates the differences in
impact of uncertainty on raw material input qualityo differently organized supply
structures. Clearly, the organization of the sutwoeks matters in relation to the realization
and distribution of value among its members as a®between the two structures. Some
types of organization are more adaptive to somagdmin conditions and are better suited to
absorb such changes compared to other types afiiaegi@n.

8.1 Contributions and Directions for Further Work

This paper presents a possible approach to simglah exchange system in order to gain
further insight into the mechanisms that contrildoténe creation and distribution of value. It
is the translation of theoretically and empiricdttynded mechanisms into a formal and
guantified model that allows for experimental tegtof theory that is the main contribution of
the work presented here lies. This is based irealization that even though the work
presented in this paper represents an importantilbotion to the understanding of industrial

networks, it is clear that this is merely a begmgni

More work is needed in order to include other adegnents of the exchange system into the
model. Two such elements are relationship speataptations to shifts in customer demands
and differentiated abilities to adapt to customa&mends based on previous buyer-sell
interaction. Preliminary experiments with modeldurding these elements indicate that the
exchange system is highly sensitive to variatiothese elements, and that such an extension

of the model dramatically changes the approprigbatterns of exchange value.

Furthermore, while we have gone some ways in iny&shg the effects of demand shifts, we

have not looked at the effects of a shift in sugpdyn one structure to the other. It would
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clearly be interesting to look further into theesfts of a shift in access to raw material from
the now dominant Norwegian structure to eitherlteéandic structure, or to a competing
structure based on Norwegian raw material, butrorga as the Icelandic structure. Both are
possible future scenarios, and as the implicationthe current Norwegian supply structure

would be significant under such scenarios, thisldolearly be a worthwhile study to pursue.

Finally, we recognize the challenge in presentiathlmodel and results in the relatively
brevity required by the paper format. This has leado exclude a number of results that
would clearly have enriched the understating ofrtioelel for the reader, but is simply to
space-consuming to include. This is unfortunaté oputhe other hand it does leave us with a
number of paths to explore in future papers.
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Appendix I: Assumptions about Mechanisms and Functins of the Simulations Model of
the North Atlantic Herring Exchange System

12 periods constitute a year in the simulated wdgkith simulation run will have to be a number of
periods long that is dividable by 12. All simulatiouns reported in this paper runs for 240 periods,
20 years.

The total world consists of four areas; two supgplyas (Called “Norway” and “Iceland”) and two
demand areas. (Called “Less demanding” and “Moreatheling”) There is no economic activity
between supply areas or between demand areas.

Each supply area has a number of suppliers (eiigpttie raw material) and a number of industrial
actors (performing primary processing of the rawamal). These are termed “Suppliers” and
“Primaries”.

One of the demand areas contains a number of éssarting “Users” of products offered by the raw
material, while the other contains a number of nt@manding users. These are distinguished by how
they value offers from suppliers.

Agents are connected in two ways:

o Direct interaction. Interaction takes place in finan of trade between suppliers and primaries,
and primaries and users.

o Through “Relationship” agents. These are repredesgeagents in the model, and they
function as a memory of past interaction betweert\wo agents they connect, as well as a
facilitator for the direct interaction between bugad seller.

There are no horizontal connections in the worlgbfdier — supplier, primary — primary, or user €1)s
Icelandic suppliers interact with only one primazsgating an vertically integrated supply structure
Icelandic primaries can have many suppliers.

Norwegian suppliers interact with all Norwegiannparies, and Norwegian primaries interact with all
Norwegian suppliers.

All primaries can interact with all users.

Primaries have a processing capacity that is velati the supply on a 12 period (yearly) basis. The
capacity will be calculated a the beginning of eaghand will thereafter be recalculated every 12
periods to reflect the average monthly supply figr¢oming 12 periods.

o Norwegian primaries will have a capacity that isdzhon the capacity of the total Norwegian
supply fleet:

Primary-capacity = § capacity-norwegian-suppliers / number-of-norwegiaimaries ) +
over-capacity

o Icelandic primaries will have a capacity that isdd on the supply fleet the individual primary
owns:

Primary-capacity 3 capacity-owned-suppliers + over-capacity
Primaries have an overcapacity of 100%. This iatined to their share of total capacity, and mehas t
the total processing capacity is twice the yeaukymsy of raw material.
For each period, exchange between two parties amaconnected through a relationship) will only
happen once.
Relationship strength between primaries and useadunction of the stability of interaction betwee
primary and user. For each period with a trade betwa primary and user, the relationship strength
increases by a fixed number (e.g., Strength + @)cdunter this, with each period (regardless of
trade/no trade) the strength decreases with arféeig., Strength x 0.1) as a function of time pags
This means that a relationship can grow fast irbéginning, but that it will reach a plateau atleme
periods above which it will not go.
Primaries are assumed to be optimistic in theinedton of demand. Based on the sales for the
previous period, they will always estimate thatythéll sell 50% more in the coming period.
There is an over-demand of 25% relative to thelabts supply of raw material. This means that
exchange volumes may shift from one user groumtdheer depending on the value realized in
exchange to members of two groups.
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Appendix Il: Sequencing of the Simulations Model

Step What Comment

0 Set period counter + 1

1 Reset agents

1.1 Reset actor agents Sets sales, revenue, soddatus etc. to 0

1.2 Reset relationships Resets intra-period varsafar relationship, reduces
strength to account for fading over time

2 Recalculate Primaries Capacities Done every tidgee(for the coming 12 periods)

3 Set Preferences Systematically runs througtgalhis to establish what the
want to buy and sell

3.1 Set user preferences

3.1.1 Read demand-data from list

Distribute demand based on market sizes and
shares

3.1.2 Calculate desired quality and quantity

3.2 Set primaries preferences

3.2.1 Calculate desired quality and quantity Bawethst period

3.3 Set supplier preferences Not in use

4 Reset Globals Resets the global intra-period tersitio 0 to prepare for
next run. (Done after preference-setting becausre thre
variable-values used for setting preferences tieateset in
this step)

5 Run Suppliers Sequence Nor vs. Ice not an issuthey are not
competing for the same resource or customers.upibiers
will finish before primaries are run.

5.1 Run Norwegian Suppliers

5.1.1 Norwegian suppliers catch fish

5.1.1.1 Read this periods catch-data from list

5.1.1.2 Set quantity of catch

5.1.2 Norwegian Suppliers sell fish to primaries

Set starting price A fixed price reflecting theximum price

5.1.2.2 Ask primary for bid Repeated for all witbhfto buy (perfect info implied)

5.1.2.2.1| Primaries calculate bid value Value dealdsubtracted based on offered quality. Valug
added if primary is underutilizing capacity.

5.1.2.2.2| Highest bid value so far? If yes, sdiext bid. (Register value, quantity, quality,
buyer)

5.1.2.3 Sell to bidder with highest value bid Updathe buyer with financial and goods movements

5.1.2.4 Update seller Updates the seller with financial and goods movemen

5.1.25 Update relationship Updates trade-inforafationship info in relationship.
Increases strength of relationship if this is attdd

5.1.3 Sell remains Remaining fish is sold of to non-human consump¢lower
price/price =0).

5.2 Run Icelandic suppliers

5.2.1 Icelandic suppliers catch fish

5.2.2 Icelandic Suppliers sell fish to primaries

5.2.2.1 Calculate price

5.2.2.2 Sell to owner Updates the buyer with financial and goods movement

5.2.2.3 Update seller Updates the seller with financial and goods movemen

5224 Update relationship Updates trade-inforafationship info in relationship.
Increases strength of relationship

5.2.3 Sell remains Any remaining fish is sold of to hon-human consuopt
(lower price/price =0).

6 Run Primaries Needs to be run in random sequespeimaries from
different countries compete for the same buyers

6.1 Primaries sets purchase price Calculates thimg® purchase price of the fish they havie
to sell. This is the foundation of the startingeprivhen
selling

6.2 Relationships calculate value Primary-usetimeiahips calculate the value of the

6.2.1 Set sort order Relationships are sorted so that the relationsktip tive

highest value offer gets executed first, the ttoese

b

highest etc.
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6.3 Primaries sell fish

6.3.1 Current highest value relationship is exetute Until either all fish is sold or there is no malemand in
period, the relationship with the highest valuehé} a
seller with fish to sell, and b) a buyer with fighbuy is
executed. Each relationship can only be executed each
period.

6.3.2 Update seller Updates the seller with financial and goods movemen

6.3.3 Update relationship Updates trade-info afatiomship info in relationships.
Increases strength of relationship if this is attdd

6.4 Primary store fish If storage is enabled asd & left unsold, this is carried
over to the next period

7 Run User

7.1 Evolve user preferences

8 Update global variables Global variables are tezlvith this periods data. These

globals are used for plotting and written to files
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