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ABSTRACT

Over the years, numerous scientific models have been applied to foreign exchange markets in an attempt to better
understand them and manage their associated risks. The challenge has been finding a model that is robust enough to
capture the dynamic nature of these markets and yet still easily understood by managers. This paper suggests that
constructal theory can effectively explain the flow of information in currency markets in much the same way it explains
the flow of water in a river. The validity of this research offers the potential for better risk management and enhanced
decision making by international managers and investors.
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INTRODUCTION

Most international managers have a difficult timederstanding how currency markets move and howethos
movements affect management decisions (Baird, 2008y the business world becomes more complex and
interconnected, the application of theories and ef®drom various fields of science has increaséthis has been
especially true as we strive to understand humdmawer since all businesses are a compilation efgbople they
employ. Carroll (2006) used the new science oblagly to objectively measure how a person makessiters;
Williams (2002) found memetics, the science of meifaeunit of cultural material propagated by artation process),
had the potential to better understand customeavieh) Goleman (1995) popularized the psychologmaicept of
emotional intelligence which led to a plethora e$earch showing how it could enhance organizatipagbrmance
and leadership; Shelton and Darling (2004) examicaaflict via chaos and quantum mechanisms, suiggeshat
conflict played a valuable role in continuous im@ment initiatives; Wheatley (2007, 2008) developed leadership
models, derived from living systems and complesitience, that suggested people self-organize ietwarks based
on interdependent relationships; and Pryor andhBrig007) applied chaos theory to career developmeting that
networks and connectivity could have a profoundaotn the way we view business.

For those who have studied the foreign exchang&ehéris obvious that human behavior has an impacthe
markets. As Harvey (1993) suggested, marketsaialdgnstitutions that serve to organize and gulidean behavior.
He went on to say that studies of the foreign erghamarket would be more productive if they werseglaon this
premise (Harvey).

Not surprisingly, the dynamics of currency markate difficult for most managers because the comeépt
models for currency markets are incomplete. Thetmommonly used model, Purchasing Power Paritgneel &
Rose, 1996) is easy to understand but it is ndotmly supported by data (Jacobson et al., 200851®&a& Wei, 2007;
Chaieb & Errunza, 2007; Engel, 1999) and ignotetha shorter term movements in currencies marsagerst deal
with (Rogoff, 1996). The other popular and easyiiderstand model, the International Fischer Effisca derivation
of Purchasing Power Parity and thus similarly ehvadled. There are a number of other models thanpttto explain
currency movements such as the GARCH (Bollersl®@0), Neural Networks (Chen & Leung, 2005; Yao &nJa
2000), and Random Walk (Meese & Rogoff, 1983) lmutenare comprehensive, simple and broadly undetstoo

A more holistic understanding of the dynamics ofrency markets would allow managers to make better
decisions about when to hedge currency market aslksoid particular transactions entirely becahsepotential costs
are greater than the potential profits. The chakeis to go beyond simply understanding foreigtharge prices and
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endeavor to understand how rates are determindwutitegard for how they fit our preconceptionsritég, 2001).
Constructal theory offers the opportunity to untkend that the perceived complexity of the currem@rket actually
displays the same treelike design of all things tloav.

CONSTRUCTAL THEORY

It is common to find concepts, developed in onesrdtdfic field, that show relevance and are evemjual
transferred to other areas of scientific inquifihe theory of relativity for example, was developedstrophysics but
was eventually adapted as a mental model to hgfaiexthe relative nature of measurements acrossymé the
physical and social sciences.

Constructal theory, developed as a theory in gegldg beginning a similar transition into the sdcénd
biological sciences (Merkx, 2007). According tonstiuctal theory, every living system and sectoisaiety is a
conglomerate of flows that morph over time in ortieiflow more easily; creating patterns that aré cammplicated
(Bejan, 2008). Research on human expectationgtredaffect on currency markets found they wererandom but
exhibited apattern that was explicable (Harvey,200The tree-like patterns of constructal theaflect the natural
flow of fluid, heat, and information (Bejan, 2008hich makes it the ideal model to explain the ricw@nectivity of
human behavior and foreign exchange markets asystem that is dynamic rather static.

Therefore, constructal theory has many relevantiaagons for understanding how currency marketsrage and
evolve. Constructal theory was originally develbpe explain the dynamic ways in which drainageteays develop
into streams and rivers. The theory states (B€ja87):

For a finite-size flow system to persist in time [jize) it must evolve in such a way that it proagdeasier access
to its currents.

Constructal theory shows how a flow system (eigerrbasin, blood vessels) that is endowed witHigaht
freedom to change its configuration, exhibits padehat provide progressively better access rdotethe currents that
flow (Bejan, 2007). Since currency flows are amdhg principle determinates of exchange rates, mosieould
represent these flows explicitly (Osler, 2006).

Constructal flow theory then provides optimizatiechniques that allows calculation of optimal perfance for
the system and predicts the model the system wititicue to move towards. Constructal theory aldows for
imperfections in the system and can predict hovoptimizing system will construct around them. Masportantly
constructal theory describes how a system congtadjusts to changes in system or environment tiondi thereby
providing a dynamic model of system behavior.

The initial application of constructal theory, tonderstanding river beds, provides a good foundafam
understanding the theory. Ask the question “if y@ve an area on which you pour water and you éxpatwater to
exit the area at a single point, what is the optimember of channels to move the water?” Accordimgonstructal
theory, the natural pattern of streams and rivellsalways move towards that optimal route givea tonstraints of the
system.

Since the optimal route for the water can be catedl, the channels needed form a hierarchical hragsystem
such as that shown in Figure 1. With area slapejavable rocks and other imperfections added, tla@mels usually
take on the more common appearance of most rilikesthe picture of the Amazon River shown in figu2. This
efficient river pattern of hierarchical branchirsgviery common in nature and constructal theoryarplwhy.

Constructal theory is gaining popularity in othéelds because it provides an orientation to moearty
understanding dynamic systems. It explains thahémorganic systems try to reach maximum efficjegiven their
constraints. Applications of constructal theorgrttprovide a method to calculate maximum efficieimcgn area and
thus predict future movements in an existing systdevelopment.

Constructal theory is now the bedrock theory inarathnding natural drainage systems and has béendex to
such fields as flight dynamics, running and swimgn{Bejan, 2007, p. 24-26) but as previously notamhstructal
theory can also be applied to many social sciermgsh as urban design (Lorente, 2007), human ¢réliivs (Reis,
2007), air traffic systems (Perin, 2007) and evegyanizational structure (Morroni, 2007).
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Figure 1: Theoretically Optimal Figure 2: The Amazon River
Hierarchical Branching Channel

APPLYING CONSTRUCTAL THEORY TO CURRENCY MARKETS

Constructal theory is an ideal model to enhanceundierstanding of currency markets. First, itniportant to
understand how free floating currency exchangesrate determined. Currency exchange rates, fafitfig currencies,
are a market balance of supply and demand for tweencies (Shamah 2003 p. 45). In itself, thagimsple. The
difficult part of determining exchange rates, hoagvs in determining the supply and demand of edc¢he currencies
at any given time.

Understanding the supply and demand for a currenashere constructal theory adds the greatest lheSefpply
and demand in a market are primarily driven by rimfation available to market participants (Tiveng&&iofi, 2004).
The flow of information into a market is very siailto the flow of water into a river. Water entgria river may come
from a large tributary near the mouth of the rivehich will reach the mouth of the river quicklydahave a large
impact on its flow, or it may come from a smallebtitary farther up the river, which will reach thuth more slowly
and have a smaller impact on the flow when it reacthe river mouth. Similarly, some informationvisry high
priority and closely monitored by currency mark@sy. central bank target interest rates) so itehfast and substantial
effect on market demand for a currency. Howevthrewinformation is lower priority and not closatyonitored so it
may have a slow, cumulative effect when other iméation is added but has little effect on its owig(@ small, closely
held companies earnings report). If mapped, treedmf flow and perceived importance of informattonmarkets
looks very similar to a river bed.

Consider Figure 3. It shows a single currencyérivof information flowing into currency marketsThere are
many information sources that feed the currencykatainformation flow but have little impact on thewn. For
instance, an earnings report from a small compaitly probably have little impact on the market b & gets
aggregated into industry and national earningsrispthese small reports eventually have an impacthe market
although it is slower and less impactful on theralldlow. Other information, such as announceraét a country’s
central bank, politicians or major business exeesthas an immediate significant effect on the al’eurrency market.

Many financial traders, who use currencies to stmkie, and commercial traders, who use currenages
medium of exchange, find it a necessity of surviealinderstand currency markets (Osler, 2006).réfbee, they do
their best to monitor the various sources of infation in the marketplace while judging its impaesed on the size
and timing of each information source. An indivédlumanager or trader could never expect to outgtiessnarket
given the thousands of information sources and tifering timing affects. Only a large tradingrapany might be
able to set up a system that monitored many ofrtfeemation flows and the affects of their timingeven the largest
firms would be challenged to continually trade omadel while also constantly adjusting their marteategies based
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on the importance and timing of current news reporSome of the harder to understand currency aleh as
Neural Networks attack the adjustment issue (Chedreéing 2005) but by necessity then need to adjist the fact

rather than predicatively.
ADDING CONSTRUCTAL DYNAMICS

The importance of constructal theory, to understandurrency markets, is not just in showing ho¥oimation
flows to markets but also in providing insight abdww those flows will change over time. Constaldheory
suggests there is a maximum efficiency for infoioraflow that the existing information flow is tinyg to reach. The

system therefore constantly adjusts to try and nvadkemation flow closer to the optimal.
In practice adapting to a dynamic model requiredeustanding that no fixed market model will evendtion for

a long period of time because each information flaillkeep trying to reach its optimal level. Aechnological, social
or political breakthroughs occur, some informatilavs will be better able to utilize these advamtsg For example, a
company could introduce an easy to use technolbgy dllows weekly sales of any company to be postethe
Internet and Italy’s government might require aipanies over a particular size to regularly postkly sales. That
would create substantially better information floms Italian large company sales. The improvedrmftion and
speed of information would increase the importaoficialian large company sales in estimating dem@andhe Euro.
Such adjustments to the flow of information occeigularly to markets so any attempt to create afice@del will

ultimately lead to failure.
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Figure 3: Loose M odel of Currency Market Information Flow

The advantage to understanding constructal dynaisichat it shows how changes in the importance of
information and flow rates are not random events mstreated in Neural Networks. It is not pddsito know exactly
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which information sources will change at any giviene, but it is possible to predict which directithrey will change.
Over time, the flow rates will become more impottas they move closer to the optimal model, whidans they will
become a faster and more reliable source of infaoma

Knowing the direction of model changes will provifieancial model builders the ability to better gict the
aggregate affect of information environment changeésr managers constructal theory provides a mavast tool and
for model builders it can be used to predict theglerm direction of financial markets. This widsult in markets
responding faster and faster to smaller and smeli@nges in information, which may create more fiean comfort for
many managers. Overall, however, this model vélelztremely helpful. Although information flowidigom higher up
the system will increase in importance as it beconwee rapidly available, it won't replace the imfamrce of the
information flows further down the system. Theiensystem will be closer to an optimally flowingver.” The river
will not go away. The information flow models thugh the river will move faster but more predictably fact, the
more optimally it flows, the better predictions armild make of the direction and speed of currarfignges. The only
obstacles that will prevent a very reliable predictmodel are events and changes that restrididleof information
in new ways.

RESTRICTIONSTO FLOW

As stated, constructal theory grew from studyingewdlows through rivers. Yet no river follows aptimal
course for draining an area. In fact, construtttabry says a river will always be moving towarkattoptimal flow,
suggesting it will never reach it. The reason tiver will never reach its optimal flow pattern ibat elevation
differentials, rocks, trees, leaves and all softstber elements block the water flows from attagntheir optimal flow.
Over time the water may erode away rocks and ottmrediments to improve efficiency but ultimately we
impediments usually develop as the old ones detdeo

Restrictions similarly play an important part irekéng currency markets from reaching their optimédrmation
flows. Some restrictions are easy to identify amtlerstand, such as a country’s currency reguktio®ther
restrictions, such as a cultural tendency to undersor overstate individual accomplishments arehmibarder to
observe making it more difficult to understand htwey affect company earnings reports and ultimatelgrency
markets. Understanding the flow of informationctarency markets ultimately becomes an exercisenderstanding
the restrictions that constrain those informatiomvs.

A working constructal model of currency marketseréfore, requires substantial attention be paidhe
restrictions that would prevent the model functimnioptimally. Building “rocks” into the model bas@n country
regulations, technology, cultural restrictions, ather impediments that restrict information flowdstical. These
“rocks,” however, do offer an advantage. Althougby keep the model from moving to its optimum,ytipeovide
somewhat fixed markers while the model is adjustifgpr example, one cannot assume a governmergtuating
regulations will always stay the same. While tleg in place, however, they provide a basis formamisons across
companies within the country that would not otheewbe possible.

CONCLUSIONS

Constructal theory provides a mechanism for predjcthanges in flow systems. Since currency marked a
system of information flows, understanding condtaltheory could help a manager understand andipate changes
that occur in currency markets. This understandsngritical to an international manager’s ability appreciate the
ambiguity in currency market predictions and at shene time have a better tool to reduce them. ifigtance, the
foreign monetary exchange is critical to finandralders whose careers are built on trading curesnciSince dealers
make their livelihood from trading currencies, #iecuracy of interpretation of exchange-rate deteation can make
or break their career (Osler, 2006). For compawies do business outside of their home countryghmegcurrencies
allows them to do business more efficiently. Mtmansparency has the potential to reduce exchamgevolatility,
which can make risk more manageable for compamidgraders alike.
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Harvey (1993) noted that international trade andestment is a positive force. He goes on to sa th
international trade and investment is critical heseait provides employment, promotes useful aliocabf resources,
and encourages a tolerance of other cultures (argince exchange rate volatility discourageddrand investment
by adding another cost to doing business internatig, it should be avoided when possible (Han&393, 2001). In
an era that looks to greater cooperation and iafddence between countries, facilitation of a reffieient currency
exchange model is important.

Since other theories have not provided a robustemfidt foreign currency exchange, constructal theuffers
financial and corporate entities an opportunityetobrace a model that has the potential to redsée manage cost
more effectively, and increase control of foreignastment returns. This alone seems like an apigtepreason to
explore the merits of constructal theory and theifm exchange market.
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