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Introduction

States have been compared to biological entities and specifically humans. This analogy runs something like this; just as people want wealth, power, security, and relationships, so to do states. A growing body of research is demonstrating that human created institutions such as the market or the state respond to stimuli and environmental conditions in the same way that biological entities do. 

In biological systems, creatures evolve and adapt to their environment. They consume resources, food, air, water to stay alive. This behavior can be explained through the second law of thermodynamics, (the science of heat). That law states that quality of energy is degraded irreversibly over time. This is the principle of the degradation of energy. Simply put, energy needs to be added to any organized system or it will decay and breakdown. Animals eat and plants photosynthesize to acquire energy. In economic systems businesses respond just as animals do to their environment. They take in resources, most obviously in the form of money from sales. They adapt to market conditions by changing size or offering new products. And like natural things they die when the stresses of the environment become too great. We can see exactly the same behavior in states. They use resources to gain power, to protect and maintain themselves, and they adapt to changes in the international environment. In thermodynamic terms, natural organisms, firms, and states are acquiring low entropy to keep high entropy at bay. Although not a text book definition, entropy can be thought of as death, disorder, breakdown, chaos, or anarchy.

It is this element of chaos or anarchy that has been neglected in the study of international relations. It has simply been taken as a given, and largely ignored because of that. International relations scholars have asked; why study something that simply is and can not be altered, far more interesting to study the entities existing in that environment.  This is analogous to a biologist studying wolves at a zoo or on a dissecting table; yes much can be learned but it is impossible to understand the behavior of the wolf if you ignore the pack or the forest the wolf lives in. The same is true in the business world.  A businessman may know everything possible about the firm he runs but he ignores the business environment at his peril.

The process of decay is the process that causes human created structures like states and businesses to behave like biological entities. It is the process of erosion and the process that causes stars to explode in super-novas. It is what leads to breakdown and anarchy. All systems that are non-equilibrium and self-sustaining need a constant input of energy to maintain themselves. When biologists suggest that “it’s a jungle out there” they are really saying that it is an anarchic, kill or be killed world. Financiers often describe the market as a jungle of dog eat dog competition. Taken together these examples from the business and natural worlds illustrate the fact that anarchy is an unavoidable consequence of existence. This, according to the second law of thermodynamics is a universal fact. The rules that govern the organization and breakdown of energy and matter on the scale of the universe apply to biological systems and markets and states. 

This paper proposes that an offshoot of the second law of thermodynamics, real option theory, can be used to understand the behavior of states and the anarchic environment in which they exist.

The Basic Theory

The second law of thermodynamics known as Carnot's principle is controlled by the concept of entropy. The word entropy has become a part of the language of many branches of sciences. Unfortunately, physicists, engineers, sociologists, and economists use a number of terms as synonymous with entropy, such as disorder, probability, noise, random mixture, and heat.

There are at least three ways of defining entropy: 

· in terms of thermodynamics where the names of Mayer, Joule, Carnot, and Clausius (1865) are important; 

· in terms of statistical theory, which fosters the equivalence of entropy and disorder -- as a result of the work of Maxwell, Gibbs, and Boltzmann (1875), and 

· in terms of information theory, which demonstrates the equivalence of neguentropy (the opposite of entropy) and information -- as a result of the work of Szilard, Gabor, Rothstein, and Brillouin (1940-1950) *

* Principia Cybernetica Web http://pespmc1.vub.ac.be/ENTRTHER.html
Since this paper will deal with statistical data and international relations the definition of entropy will be equivalent to disorder or anarchy. So a state of high entropy would be chaotic or anarchic, (Iraq), and a state of low entropy would be well ordered, (Singapore). 

All self sustaining non-equilibrium systems, biologic, economic, or states need sources of low entropy to compensate for the continuous degradation of energy. This may be modeled by geometric Brownian motion, which contains both growth and dissipation terms. The standard formula for valuing financial options, (puts and calls) is a thermodynamic equation derived from geometric Brownian motion. It is known as the Black-Scholes equation in the field of finance. The Black-Scholes formula and option pricing theory are therefore potentially useful tools to examine the dynamic relations of states in the field of international studies.

The Black-Scholes formula is derived from a lognormal process:


dS = rdt + σdz


 S

Where S is neguentropy, r is the rate neguentropy is extracted from the environment, σ is the rate at which energy diffuses.  Solving for S the equation becomes:



 (r-½ σ²)t+σzt


S = S0℮

S0 is the initial value of S. The average growth rate of S is:


r-½ σ²

After many steps and derivations the Black-Scholes pricing formula grows from the simple formula above to become:




    -rt


C = S0N(d1) - K℮   N(d2)

Where: 


d1 = ln (S0/K) + (r + σ²/2) t



σ√T


d2 = ln (S0/K) + (r - σ²/2) t  = d1 - σ√t




σ√t

C is the price of a European style call option, S is the value of the underlying stock, K is the strike price, and N(d1) and N(d2) are the cumulative probability distribution function for a standard normal distribution.  A European option must be exercised at a specific time, as opposed to an American option that can be exercised at any time, (there is no way to value an American style option). A call is simply the right, but not the obligation to buy something, (a share in the case of financial options) at a predetermined price, (the strike price) at a future time.

For example, if we assume a total investment of $1 and an initial share price of $1, when buying a call with a strike price of K, if the share value is lower at maturity than K, then the return is zero. If the share value is higher than K at maturity, then the return to the investor is 1/C(K) for each dollar the share price goes up. C(K) is the price of the call with K as the strike price. 

Originally developed to value financial options, its methodology can been applied to options that are not financial in nature, these are known as “real” options. In real option theory a production mode is composed from the relationship between fixed cost, marginal cost, time, rate of return, and volatility. In more recent work the theory has been extended to explain the behavior of individual firms or industrial sectors and even biological systems. 

The relationships between these elements forces producers to choose between high fixed cost systems that are very efficient but hard to adapt to market changes and low fixed cost systems that are very flexible but not very efficient *. We can think of K as fixed cost and C(K) as variable cost in a production mode, we find that in very stable environments or in very rapidly growing industries a high fixed cost structure is much more successful than a low fixed cost structure. If growth slows or the volatility in the system increases then the opposite is true. 

For producers their returns are a function of output,


      r


Q℮   
and output value C(K)Q+K

The return to the producer is:



      r


ln   
Q℮    .  = r – ln    C + X 


       CQ + K


Q

What this means can best be explained with the aid of some graphs:
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Figure one shows graphically the impact of fixed cost size on return. The greater the fixed cost structure, the greater the return. Note that all the different structures are profitable, it is just the degree of profitability that varies.
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Figure two shows the impact of volatility. As the environment moves from stable to unstable, returns diminish.    
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Figure three combines cost structure and volatility. In the above graph volatility decreases from left to right. The graph shows that in more volatile conditions lower fixed cost systems produce better returns than high fixed cost systems. But as the environment becomes more stable high fixed cost systems yield greater returns than lower fixed cost systems. 

The relationships the previous graphs depict can be seen in the living world. Biologists sometimes categorize species as ether K or R selected. K selected species are those that have few offspring but invest much time in caring for them. K selected species are typically very large and require a pristine environment. Whales are fine examples of a K selected species. They are very slow to reproduce and their size is colossal. In real option theory we can safely assume that whales are pursuing a high fixed cost strategy. Note also that whales evolved in what is arguably the most stable environment on the planet, the oceans. R selected species on the other hand are often the species we think of as pests. They breed and mature rapidly, and they thrive in disturbed or unstable environments. Mice are a classic R selected group. They are small, they have a low fixed cost, and they do best in the ever-changing environments associated with human activity. Interestingly we see this same relationship between fixed cost and volatility preserved in the fossil record. The most dramatic evidence of this can be seen in the end cretaceous period with the downfall of the dinosaurs. The high fixed cost dinosaurs were flourishing up until the environment of the earth was dramatically changed by a meteor strike. After that mice-like creatures ruled. Environmental change may well be the driving force behind punctuated evolution.  

These same relationships can be seen in the world of business. Economists describe the airline business as a high fixed cost business. The aircraft can cost hundreds of millions of dollars. During the days of airline regulation the airlines did well, expanding to fly allover the globe. When deregulation occurred the airlines began having severe problems. Deregulation changed the environment, increasing the volatility the airlines had to contend with. Note too that the only airlines that are doing well in the US market are those that fly smaller, cheaper aircraft like Southwest and its 737’s. We also see a huge increase in the number of airlines operating after deregulation. This is like punctuated evolution and has been called creative destruction by Schumpeder.

Real Options and International Relations

For this paper, government spending is considered to be fixed cost. This makes sense, as it is governments that pay for infrastructure and the systems that ensure that a society continues, such as the military or law enforcement. National output is gross domestic product, (GDP), corrected for purchasing power parity, (PPP) in US dollars. Time, (t) has been set to 1 year as the data used is only for one year. The rate of growth, (r) is the rate at which the various economies grew. Sigma, (σ) is the volatility experienced by a nation. Since there is no market for GDP a value of one has been assigned to output value, this is merely a mathematical convention. (See Appendix for actual figures used.)

While good data is available from most countries for GDP, government spending, and growth rates, no data is available for the value of sigma. Because of this, somewhat arbitrary values for sigma have been used. Countries in the European Union, (EU) get a value of 0.1, largely because the size of the EU insulates its members from the whims of global markets. The US gets a value of 0.1 also because its size creates its own stability. Canada gets a slightly higher sigma because while its ties to the US protect it to some degree it is a small economy and is more exposed to world market forces. Iran gets a 0.3 because of general conditions in the Middle East and because of internal stability questions. India gets a 0.35 because of ongoing problems with religious violence, cast violence, and the weight of over one billion people. Russia gets a rating of 0.4 because of ongoing political instability and problems with insurgents. Nepal gets a sigma of 0.6 because of the current confused political situation. These numbers are totally arbitrary, what matters is their value relative to each other. While there is room to dispute what sigma should be for a specific nation, the numbers used here are adequate to show a relationship and trend between fixed cost, volatility, growth, and output.
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Figure four shows the relationship between fixed cost and national return for some select nations. While there is considerable noise in the data, there is a definite trend showing greater returns to nations with a lower fixed cost structure. Of special interest are the outliers in the graph. Those outliers are Iceland, Kuwait, Nicaragua, Jordan, Yemen, Nepal, UAE, and Sudan. The economy of Iceland has been moribund for years and continues to suffer from the depletion of fish stocks. However, typical of a Nordic nation they have very high social spending. Kuwait may still be spending heavily to rebuild from the gulf war and may still be suffering from its impacts. Nicaragua has high fixed costs but very low returns. This is likely a hold over from the days of the Sandinista regime. Jordan and Yemen too have high levels of government spending but low rates of return. In this case the estimate for sigma may be much to low. Nepal’s spending is not particularly high but its returns are very low. Again the estimate of volatility may be much too low. The estimate for volatility for Sudan may also be to low. The UAE is a special case. The data for fixed cost includes only government spending. The UAE may be using private firms to fill many of the roles usually played by government, such as infrastructure spending and services. These cases show the difficulties getting good standardized data and of estimating sigma for nations. Despite this problem the fact that a trend can be seen in this small data set suggests that real option theory may prove to be a useful tool to help understand international relations 

Many of the great moments in history can be better understood with the aid of real option theory. The case of the Soviet Union is readily understandable. Under Stalin the USSR cut its self of from the rest of the world. This had the effect of creating a nearly perfectly stable environment. Because everything was owned by the state the USSR had fixed costs of 100%. The returns the USSR realized were awesome, they went from being a war-ravaged nation of peasants to being the first nation in space in just 40 years. However as the USSR began opening its self to the wider world its citizens began to want what the West had. This increased the volatility for the USSR. Eventually the volatility became so great that the USSR collapsed. The Chinese have followed a similar path but as China has opened its self to the outside world, the government reduced its size as a proportion of GDP. The result is that China continues to grow and does not face a collapse. 

Wars can also be understood through real option theory. Charles Maier and Bueno de Mesquita describe how each step in World War I was rational as events unfolded but still led to pointless conflict. Each step may have been rational but each step increased the volatility of the situation thereby forcing a conflict as nations needed to secure resources to maintain their standing.  Before World War II, Germany became very unstable internally like the USSR, but instead of imploding like the USSR it exploded across Europe. Japan was being choked of resources it needed to maintain its internal systems. Japan found its self in a situation where it had to expand to secure the resources it needed, hence its attack on Pearl Harbor. The cases of America’s defeat in Vietnam and the USSR’s defeat in Afghanistan are explicable in terms of volatility. All the bombs and bullets of the superpowers could not make the conditions in Afghanistan or Vietnam significantly worse than they already were. The Vietnamese and Afghans literally had nothing to loose, they were very low cost countries.  But the expense in lives, money, and public opinion destabilized the USSR and America enough that they were forced to withdraw. A small change in volatility can be much more damaging to a high fixed cost country than a big change in volatility to a low cost country.

This also explains the motivation of terrorists. As loosely structured groups, they have very low fixed costs. Disrupting terrorist activities may have some impact on them but it is almost impossible to reduce the threat to zero. The “pay back” for a successful terrorist action is much greater than the dollar cost of the physical damage. The increase in uncertainty is the major cost of terrorist attacks. This can be seen in the aftermath of the 9/11 attacks. The costs to the terrorists have been estimated at under a million dollars. The value of the buildings and the aircraft destroyed was a few billion dollars but the costs to try and bring about stability are now into the hundreds of billions. 

The difference between the level of government spending in Europe and America and the attitudes to each towards intervention in Iraq, or Iran are also explicable with real option theory. America has a lower fixed cost structure than Europe. Because of this America is much more able to weather instability. America also has a vested interest in keeping a certain degree of instability to help preserve its relative position with Europe. Europe, on the other hand, requires more stability and is therefore more inclined to seek certainty and stability regardless of the threat. There is a historic parallel with Europe’s recent actions and the behavior of England just before World War II.

The concepts of stabilizing and destabilizing technology also find a home in the element of volatility. Technology like the atom bomb was stabilizing because the consequences of its use were so dire they forced nations to lower tensions between themselves. Conveniences like cellular phones are also stabilizing. This is because they require a high degree of internal infrastructure and people like to keep these conveniences once they have them. If instability causes damage to the cell network the phones stop working; people have a vested interest in maintaining a degree of stability. This is part of the reason the people of Lebanon are so afraid of another civil war; the cost of the ensuing chaos would be too high of most to bear. The Internet can be seen as a destabilizing technology as it has helped create an identity and sense of community for people with almost any idea regardless of how marginal. The net has helped unite terrorists and helped fuel their causes. This has increased volatility, both domestically and internationally. Satellite killing weapons are usually regarded as destabilizing as they are intended to blind their target. This too increases uncertainty and volatility. 

Like the biologic or business world we also see an international form of creative destruction. Whenever an empire has broken down we see the emergence of a large number of new states. This happened with the fall of the Ottoman Empire, the British Empire, and the USSR.

Conclusions

The results of this paper point to some interesting conclusions. Firstly it suggest that there is an optimal size for government given global, regional, and domestic volatility. The smaller and more flexible a government is, the better it is at dealing with changes at home and in the world. A big government is better able to provide for a nation, so long as conditions are stable. States spend the bulk of their resources keeping their populace satisfied or under control to keep internal stability at a maximum. They also spend lavishly to ensure the maximum degree of stability in the anarchic international realm. This usually takes the form of military spending but can include things like aid or trade treaties. However, there is no way to plan for events like terrorist attack or the creation of new technology. There is also the need for states to continually consume energy and resources to maintain their existence. As resources get depleted conflict for the remaining resources becomes inevitable. This places new importance on the need to find a sustainable way of living.  Because there is always a degree of uncertainty in the world, no country can succeed with a 100% fixed cost structure. If a long run average volatility could be worked out, something along the lines of a stock market beta only for nations, an average optimal government size could be worked out. 

The second implication of this paper is that it suggests that the best way to influence another country is not to isolate it but to actively engage it. This was defiantly the case with South Africa. There was much debate about whether isolation or engagement was the correct approach to end apartheid. With the resources South Africa had it is probable that it could have remained unchanged indefinitely. Active engagement by the US and UK increased the volatility South Africa was operating under and almost certainly hastened the end of the apartheid regime. This idea of increasing volatility to change a government would likely work especially well in the case of Cuba. As things are, the near total isolation of Cuba by America only serves to insulate the Castro government from the forces of uncertainty. Something as simple as allowing tourism to Cuba would show the Cubans how they could be living and help ferment dissent, thus increasing the volatility for their government. The same is true for North Korea. However, they are still so inclined to isolationism that only small impacts could be made. 

Real option theory as applied to international relations brings an important understanding of the largely ignored element of anarchy to the discipline.  An understanding of the environment that states operate in can only serve to benefit international relations scholars and lead to better policies for governments. This paper sets out a basic framework of how real options can be applied to international relations. Further work with this theory could help liberal scholars of international relations quantify the impacts and benefits of liberal pollicies and establish attainable goals for how the world could be. Realist thinkers could find quantifiable measures to prove that the world is indeed a dangerous place and that policies and technologies have an impact on the way the world is.

This paper does not intend to imply that all the phenomena in the field of international relations can be understood through real option theory. The examples given have been grossly simplified and the subtleties of the situations have been removed. However, the fundamental ideas of the theory, fixed costs and volatility remain and are potentially useful tools to help understand what is happening between states. 

Special thanks to Jing Chen for all his help and support with this paper. 
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	Austria
	40.3
	245.3
	0.70%
	0.1
	98.86
	1
	9.21
	9.11
	147.13
	5.51

	Belgium
	45.7
	299.1
	1.10%
	0.1
	136.69
	1
	7.99
	7.89
	163.91
	5.71

	Denmark
	35.4
	167.2
	0.00%
	0.1
	59.19
	1
	10.43
	10.33
	108.01
	5.12

	France
	46.2
	1661
	0.50%
	0.1
	767.38
	1
	7.82
	7.72
	897.45
	7.42

	Finland
	33.3
	142.2
	1.90%
	0.1
	47.35
	1
	11.24
	11.14
	95.74
	4.96

	Germany
	32.7
	2271
	-0.10%
	0.1
	742.62
	1
	11.22
	11.12
	1527.64
	7.73

	Greece
	30.7
	213.6
	4.70%
	0.1
	65.58
	1
	12.33
	12.23
	151.04
	5.38

	Iceland
	30
	8.7
	2.60%
	0.1
	2.61
	1
	12.35
	12.25
	6.16
	2.17

	Italy
	41.9
	1550
	0.40%
	0.1
	649.45
	1
	8.79
	8.69
	903.14
	7.35

	Japan
	23.2
	3582
	2.70%
	0.1
	831.02
	1
	14.93
	14.83
	2773.11
	8.19

	Hungary
	41.5
	139.8
	2.90%
	0.1
	58.02
	1
	9.13
	9.03
	83.44
	4.95

	Netherlands
	45.9
	461.4
	-0.70%
	0.1
	211.78
	1
	7.77
	7.67
	248.13
	6.13

	Norway
	35.4
	171.7
	0.60%
	0.1
	60.78
	1
	10.49
	10.39
	111.28
	5.15

	Spain
	32.7
	885.5
	2.40%
	0.1
	289.56
	1
	11.47
	11.37
	602.81
	6.79

	Poland
	34.7
	427.1
	3.70%
	0.1
	148.20
	1
	11.00
	10.90
	284.28
	6.07

	Sweden
	37.9
	238.3
	1.70%
	0.1
	90.32
	1
	9.92
	9.82
	149.51
	5.48

	Switzerland
	26.6
	239.3
	-0.50%
	0.1
	63.65
	1
	13.24
	13.14
	175.33
	5.48

	UK
	35.9
	1666
	2.20%
	0.1
	598.09
	1
	10.51
	10.41
	1080.92
	7.43

	US
	19.5
	10990
	3.10%
	0.1
	2143.05
	1
	16.71
	16.61
	8912.37
	9.31

	Canada
	19.8
	958.7
	1.70%
	0.17
	189.82
	1
	9.71
	9.54
	772.08
	6.87

	Australia
	23.5
	571.4
	3.00%
	0.2
	134.28
	1
	7.49
	7.29
	441.09
	6.36

	Ukraine
	28.9
	260.4
	9.40%
	0.2
	75.26
	1
	6.78
	6.58
	191.90
	5.59

	Singapore
	22.2
	109.4
	1.10%
	0.2
	24.29
	1
	7.68
	7.48
	85.38
	4.70

	UAE
	9.9
	57.7
	5.20%
	0.2
	5.71
	1
	11.92
	11.72
	52.28
	4.06

	Kuwait
	44.2
	41.5
	4.60%
	0.23
	18.34
	1
	3.86
	3.63
	23.98
	3.75

	S. Korea
	16.1
	857.8
	3.10%
	0.3
	138.11
	1
	6.34
	6.04
	723.91
	6.76

	New Zealand
	29.1
	85.3
	3.50%
	0.3
	24.82
	1
	4.38
	4.08
	61.33
	4.46

	Chile
	23.1
	154.7
	3.30%
	0.3
	35.74
	1
	5.14
	4.84
	120.12
	5.05

	Brazil 
	26.8
	1375
	-0.20%
	0.3
	368.50
	1
	4.53
	4.23
	1005.76
	7.23

	China 
	10.9
	6449
	9.10%
	0.3
	702.94
	1
	7.84
	7.54
	5807.20
	8.78

	Mexico 
	15.9
	941.2
	1.30%
	0.3
	149.65
	1
	6.32
	6.02
	793.48
	6.85

	Thailand
	19.7
	477.5
	6.70%
	0.3
	94.07
	1
	5.79
	5.49
	389.53
	6.18

	Iran
	21.9
	478.2
	6.10%
	0.3
	104.73
	1
	5.42
	5.12
	379.67
	6.18

	Malaysia
	19.7
	207.8
	5.20%
	0.32
	40.94
	1
	5.40
	5.08
	168.94
	5.35

	India
	17.3
	3033
	8.30%
	0.35
	524.71
	1
	5.42
	5.07
	2550.08
	8.03

	Nicaragua
	27.3
	11.6
	2.30%
	0.35
	3.17
	1
	3.95
	3.60
	8.51
	2.46

	Turkey
	49.5
	458.2
	5.80%
	0.38
	226.81
	1
	2.19
	1.81
	245.16
	6.16

	Philippines
	19.2
	390.7
	4.50%
	0.4
	75.01
	1
	4.44
	4.04
	318.99
	5.98

	Jordan
	32.4
	23.6
	3.10%
	0.4
	7.65
	1
	3.10
	2.70
	16.19
	3.17

	Syria
	23.2
	58
	0.90%
	0.4
	13.46
	1
	3.88
	3.48
	44.66
	4.06

	Russia
	24.6
	1282
	7.30%
	0.4
	315.37
	1
	3.89
	3.49
	988.84
	7.17

	Egypt
	30.5
	295.2
	3.10%
	0.43
	90.04
	1
	3.05
	2.62
	207.96
	5.70

	Pakistan
	23.2
	318
	5.50%
	0.43
	73.78
	1
	3.74
	3.31
	248.18
	5.77

	Yemen
	26.7
	15
	2.80%
	0.43
	4.01
	1
	3.35
	2.92
	11.11
	2.72

	Israel
	47.3
	120.9
	1.30%
	0.45
	57.19
	1
	1.92
	1.47
	65.13
	4.81

	Indonesia
	24.8
	758.8
	4.10%
	0.5
	188.18
	1
	3.12
	2.62
	578.28
	6.64

	Columbia
	18.8
	263.2
	3.70%
	0.6
	49.48
	1
	3.15
	2.55
	215.56
	5.58

	Nepal
	17.9
	38.3
	3.00%
	0.6
	6.86
	1
	3.22
	2.62
	31.65
	3.65

	Sudan 
	8.4
	71
	5.90%
	0.6
	5.96
	1
	4.53
	3.93
	65.38
	4.27

	Myanmar 
	8.7
	74.5
	-0.50%
	0.01
	6.48
	1
	243.69
	243.68
	67.99
	4.31
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