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Abstract 
Game theory fails to adequately account for an evolving context which can affect 
the preferences of disputing actors, an issue which the author find to be likely to 
systematically produce inaccurate explanations and predictions. Empirical evidence 
is presented that supports the claim that the start of recent natural gas crises has 
damaged the GDP growth of 9 external European countries. A Pooled Panel 
Nonlinear Auto Regressive Conditional Heteroskedasticity (PP-NARCH) model and 
Box-Tiao intervention models are selected to support the validity of what is defined 
as a ‘Fully-Fuzzy’ (FF) game. The findings presented here are then enriched with a 
summary of the most relevant statements, agreements, and partnerships which are 
likely to have exerted pressure on Russia and the other negotiating country. 
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1. Introduction 
 
Energy has recently become a very important item on the political agenda of most 
Western countries and it is bound to be even more so in the future due to the 
increasing scarcity of natural gas and oil. In recent years, energy resources and their 
allocation have been the central element of conflict between producing countries 
and those in the distribution systems. The intensity of these conflicts, however, has 
reached over the past 6 years a level that was unseen since the seventies. More 
specifically, political scientists have noted that the conflicts between Russia and 
some of its former satellites, beginning in 2004, can be justified not only in 
economic terms, but also, and more importantly, in political terms.  
 
In the literature, political scientists attribute this new Russian approach towards 
Ukraine, Belarus and, to a lesser degree towards Moldova, not only to a Russian 
desire to collect as many financial resources as possible from these countries, but 
also to use the financial leverage gained by increasingly expensive gas exports to 
gain economic and political control over these countries. In fact, Putin himself 
recognized the importance of gaining access to the old Soviet pipeline system in 
order to restore, at least in part, Soviet prestige. 
1. It is probably a secondary goal to secure a steady flow of gas and oil through its 
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former satellites, when one compares it to that of establishing a tighter economic 
and political relationship with those areas that play an important to role in the 
Russian economy. The relevance of this topic, however, is not in the expansion of 
Russian political influence per se, as it was the case during the Cold War. The 
concern of the highest European spheres stems from the growing suspicion that 
Russia may also use the energy weapon to advance its political agenda in Eastern 
and Western Europe.  
 
Political bargaining models can offer valuable insights and contribute to the 
explanation of the outcome of important political confrontations, like the ones 
between Russia and its former satellites. However, the understanding of the 
evolution of these confrontations can depend on the quality of the formal models 
that one uses to disentangle all the threads that one identifies as relevant. If one of 
the important threads is not accounted for in the model, then our understanding 
will be inherently flawed and the adoption of the model, however accurate and 
refined, will systematically produce inaccurate explanations and predictions. In 
other words, in this article I am interested in finding an answer to the following 
questions: “are current political bargaining models lacking consideration for any 
aspect relevant to our understanding of political crises? If so, what is missing and 
which model can better model these crises?” In order to do so, I follow a somewhat 
different approach. I introduce my hypothesis, which I test presenting the data and 
the statistical approach selected. The results show that for quite a few of the gas 
disputes analyzed there was a negative impact on the GDP growth of the European 
countries chosen for their primary importance as members of the Council of the 
European Union. Based on these findings, I quickly review the current state of game 
theory, and then I address how game theory could be improved in light of the 
empirical results obtained. 

 
2. Hypotheses: an evolving environment? 

 
Given the importance that Russia has as an energy supplier, it is important to 
understand not only why these crises started, but also how these disputes were 
solved. Game theory provides some useful insights to understand why some disputes 
were settled much earlier than others. Deviations from the expected outcome of the 
dispute can be attributed to the particular distribution of pay-offs, and elements 
like issue-linkage, asymmetries, repetition, signals, perception, and brinkmanship. 2 

                                                                                                                 
1 Richard Youngs, Energy Security: Europe’s New Foreign Policy Challenge 
(Routledge: London, 2009). 
2 Martin Shubi, Game Theory in the Social Sciences: Concept and Solutions 
(Cambridge, Massachusetts: The MIT Press, 1982); Avinash K. Dixit and Barry J. Nalebuff, 
Thinking Strategically: The Competitive Edge in Business, Politics, and Everyday Life (New 
York: W.W. Norton & Company Ltd, 1991); Richard P. Rumelt, Dan E. Schenedel, J. David 
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However, in this article I argue that the very onset of the dispute changes the nature 
of the political bargaining crisis, as it was clear in the case of the 2006 Ukraine-
Russia dispute, when European customers reacted by harshly criticizing and urging 
the disputing parties to reach an agreement. From a two-actors clash of interests, 
the gas dispute needs to be treated as a larger problem, where not only the 
preferences of the two disputing actors need to be examined, but also the larger 
international arena needs to be accounted for. If this is clear in situations where gas 
disruptions have caused visible damage (the gas disputes examined above all 
occurred in the coldest months of the year), the fact that the larger environmental 
context matters is not similarly evident in another conjuncture.  
 
Several authors describe game theory and its numerous variations within a constant 
framework, where the number of players is unchanged and their preferences are 
fixed.3 In this work I find evidence that gas disputes have a negative effect on the 
economy of other countries, giving them a non-ideological reason to intervene in 
the gas dispute and make sure that it ends causing as less harm as possible. A central 
assumption of this work is that such negative externality is a strong motivation to 
slowly push external countries’ leaders to put pressure on the countries involved in 
the crisis to find an agreement and restore the balance in the political/economic 
arena.  
 
In this work I am not interested in making any claim concerning the extent to which 
the European gas market is unified and/or perfectly functioning, nor do I discuss the 
economic consequences of the gas dispute across all European countries. The 
reason behind this choice is that such analyses would require the definition of overly 
simplicistic assumptions and simplifications concerning the complex ramifications 
of gas conducts and norms/procedures that regulate their functioning. More 
importantly, these analyses would not be relevant to test the central hypothesis 
described below, in that they are not important to exactly quantify the amount of 
damage and its distribution among the European countries in order to prove the 
relevance of the external environment.  

                                                                                                                 
Teece, Fundamental Issues in Strategy (Harvard Business School Press, 1994); Nolan McCarty 
and Adam Meirowitz, Political Game Theory: an Introduction (New York: Cambridge 
University Press, 2007). 
3 Steven J. Brams and D. Marc Kilgour, Game Theory and Politics (The Free Press, 
1975); Steven J. Brams and D. Marc Kilgour, Game Theory and National Security (Basil 
Blackwell Inc., 1988); Peter C. Ordeshook, Game Theory and Political Theory: An Introduction 
(New York: Cambridge University Press, 1986); Dixit and Nalebuff, Thinking Strategically; 
Rumelt, Schendel and Teece, Fundamentals; Nolan McCarty and Adam Meirowitz, Political 
Game Theory: an Introduction (New York: Cambridge University Press, 1997); James D. 
Morrow, Game Theory for Political Scientists (Princeton, New Jersey: Princeton University 
Press, 1994); Avinash K. Dixit, Susan Skeath, David H. Reiley, Jr., Games of Strategy (W.W. 
Norton & Company, Inc., 2009). 
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Thus, in this work I hypothesize that: 
 

1. gas disputes between Russia and Ukraine, Belarus and Moldova in 2004, 
2006, 2007 and 20094 negatively affect the real GDP growth of other 
energy importing countries like Spain, Sweden, the UK, France, Italy and 
Germany, Netherlands, Czech Republic, and Poland.  

 
These countries have been included in this study not only because they are net 
energy importers, but also, and more importantly, because they are also among the 
most important members of the Council of the European Union, which holds 
legislative initiative in the EU. The total number of votes of the countries considered 
in this work amounts to 59.42% of the total for all EU countries. 
 
3. Data 
 
In this work I am taking into account the fact that analyzing just countries with high 
dependence on Russian energy I might be creating bias in the statistical analysis 
results reported below. For this reason I selected a total of nine countries, three for 
each of the dependence level on Russian natural gas as described elsewhere5 based 
also on their importance as members of the Council of the European Union6, an 
important legislative institution in the EU also in security and energy matters.7 The 
time frame spans from January 1, 2003 to December 31, 2009. Such a period has 
been chosen given Youngs’ notation that in the last 6 years Russia has clearly been 
using the gas weapon to achieve predefined political and economic goals. In doing 
so, I hope to capture a phenomenon that is rather constant over the years analyzed, 
thus reducing the probability of making incorrect inferences.  
 
The dependent variable in the models presented below is represented by the 
percentage growth of GDP, measured on a quarterly basis. There are 28 
observations for each country, for a total of 252 observations. In order to maximize 
the internal validity of the model, several control variables have been introduced8, 
including the exchange rate between the euro and the dollar, the exchange rate 

                                                 
4 The 2010 Belarusian dispute, which has also shown that the ‘early warning’ system 
described below needs further refinement, has not been considered in this work due to data 
collection issues. 
5 Youngs, Energy Security. 
6 The total number of votes of the countries considered in this work amounts to 
59.42% of the total available to all EU countries. 
7 Youngs, Energy Security.; Federiga Bindi, The foreign policy of the European Union: 
assessing Europe’s role in the world (Washington, D.C.: Brookings Institution Press, 2010). 
8 Primary source is the Eurostat website. 
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between the local currency and the euro (for the UK), the exchange rate between 
the dollar and the euro, gas prices9, oil prices, domestic demand10, inflation11, 
industrial production12, exports and imports13, the unemployment rate14, the 
balance of payments15, real consumption16, the rate of deposit/lending interest and 
government consolidated gross debt17 used as controls18. The intent of using so 
many control variables is to isolate the effect of the economic downturn that started 
in 2008 and continues to the present from the effect of this gas disputes on the GDP 
growth of the 9 selected countries. 
 
Despite the loss of several degrees of freedom19, looking at changes in real GDP 
growth, even if measured quarterly should not lead to results of lower precision or 
quality. In fact, the central goal of this work is to test whether there are long terms 
effects and such a goal can be achieved by using quarterly data like real GDP 

                                                 
9 European natural gas prices cannot be easily accessed. Some agencies release this 
kind of information only under the payment of a fee, but for privacy reasons the identity of all 
traders and the prices charged by them are not disclosed. For this reason, I decided to resort 
to Nymex Henry Hub Natural Gas prices, futures that are traded on the New York Mercantile 
Exchange (NYMEX), as a measure of the level of gas prices in Europe. I assume that the prices 
levels by these quarterly figures of these futures well approximate the same trend of gas 
prices in Europe. 
10 Data is seasonally adjusted and adjusted data by working days. Percentage of GDP. 
11 Sampling frequency: 1 month. Base year: 2005. 
12 Data is seasonally adjusted and adjusted by working days. Percentage of 
GDP.Sampling frequency: 1 month. 
13 Data is seasonally adjusted and adjusted by working days. Millions of euro, chain-
linked volumes, reference year 2000 (at 2000 exchange rates). Sampling frequency: quarter. 
14 It refers to EU citizens between 15 and 64 years. Sampling frequency: quarter. 
15 Millions of Euro.Current account, Goods and services. Minimum sampling 
frequency: quarter. 
16 Final consumption expenditure. Data is seasonally adjusted and adjusted by 
working days. Index, 2000=100. 
17 Government consolidated gross debt. Percentage of GDP. Minimum sampling 
frequency: quarters. 
18 Other political variables like research expenditure and country regime (Polity 4 
data) were considered, but dropped given their annual measurement frequency. For similar 
studies see Gerald Schneider and Vera E. Troeger, “War and the World Economy: Stock 
Market Reactions to International,” Journal of Conflict Resolution 50 (2006): 642-643, Bruno 
S Frey and Marcel Kucher, “History as reflected in capital markets: The case of World War II,” 
Journal of Economic History 60 (2) (2000): 468–96, James D. Hamilton, “What is an oil 
shock?” Journal of Econometrics 113 (2003): 363-398. 
19 The loss of the degrees of freedom was minimized by performing Principal 
Component Analysis (PCA). See below for a description of this statistical technique. Despite 
an apparent issue of degree of freedom, the model returns a Chi-Square probability close to 
zero. See below. 
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growth as the start of these gas disputes coincides with the start of a new quarter. 
(see Table 1; all tables and figures in the appendix). 
 
4. Methodological approach 
 
Based on the interrupted time series models20, widely used in psychology21, in 
medicine22, sociology23, not just political science24, the significance of the impact 

                                                 
20 Donald T. Campbell, From Description to Experimentation: Interpreting Trends as 
quasi-experiments (Madison, Wis: University of Wisconsin Press, 1963): 212-242; Donald T. 
Campbell and Julian C. Stanley, Experimental and Quasi-experimental Designs for Research 
(Chicago: Rand McNally, 1966); David McDowall, McCleary, R. Meidinger, Errol, and R.A. 
Hay, Interrupted time series analysis (SAGE, 1980), 21. 
21 Donald P. Hartmann, John M. Gotrman, Richard R. Jones, William Gardner, Alan E. 
Kazdin, And Russell S. Vaught, “Interrupted Time-Series Analysis And Its Application To 
Behavioral Data,” Journal of Applied Behavior Analysis. 133:4. (1980), 543-559; Dov Eden, 
“Critical job events, acute stress, and strain: A multiple interrupted time 
series”,Organizational Behavior & Human Performance 30 (3) (1980): 312-329; John A. 
Wagner, Rubin, Paul A. Callahan, Thomas J., “Incentive payment and nonmanagerial 
productivity: An interrupted time series analysis of magnitude and trend” Organizational 
Behavior and Human Decision Processes 42 (1) (1988): 47-74. Trevor A Sheldon, Nicky 
Cullum, Diane Dawson, Annette Lankshear, Karin Lowson, Ian Watt, Peter West, Dianne 
Wright, John Wright, “What's the evidence that NICE guidance has been implemented? 
Results from a national evaluation using time series analysis, audit of patients' notes, and 
interviews”, BMJ 329 (7473) (30 October 2004): 999. 
22 W W. Tryon, “A simplified time-series analysis for evaluating treatment 
interventions” Journal of Applied Behavioral Analysis. 15 (3) (1982): 423–429; S. Fowler, A. 
Webber, B. S. Cooper, A. Phimister, K. Price, Y. Carter, C. C. Kibbler, A. J. H. Simpson and S. P. 
Stone, “Successful use of feedback to improve antibiotic prescribing and reduce Clostridium 
difficile infection: a controlled interrupted time series,” Journal of Antimicrobial 
Chemotherapy (2007); Carlos G. Grijalva, J. Nuorti, P. Arbogast, S. Martin, K. Edwards, M. 
Griffin, “Decline in pneumonia admissions after routine childhood immunisation with 
pneumococcal conjugate vaccine in the USA: a time-series analysis,” The Lancet 369 (9568) 
(2007): 1179-1186.  
23  Barry S Rundquist and David E. Griffith, “An Interrupted Time-Series Test of the 
Distributive Theory of Military Policy-Making,” The Western Political Quarterly 29 (4) (1976): 
620-626; Carl Bonham, Edwin Fujii, Eric Im, And James Mak, “The Impact of the Hotel Room 
Tax: An Interrupted Time Series Approach,” National Tax Journal 45 (4) (1992): 433-441; 
Reuven Glick and Andrew K. Rose, “Does a currency union affect trade? The time-series 
evidence,” European Economic Review 46 (6) (June 2002): 1125-1151. 
24  David R. Morgan and John P. Pelissero, “Urban Policy: Does Political Structure 
Matter?” The American Political Science Review 74 (4) (1980): 999-1006; Bryan Brophy-
Baermann and John A. C. Conybeare, “Retaliating against Terrorism: Rational Expectations 
and the Optimality of Rules versus Discretion,” American Journal of Political Science 38 (1) 
(1994): 196-210; Charles H. Anderton, John R. Carter, “The Impact of War on Trade: An 
Interrupted Times-Series Study,” Journal of Peace Research 38 (4) (2001): 445-457; Gerald 
Schneider and Vera E. Troeger, “War and the World Economy: Stock Market Reactions to 
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of the gas disputes and political reaction was represented by a set of ‘1s’ in 
correspondence with a particular shock or intervention and zeros before25.Such 
models are more formally represented as26 

 

tpostpret ebbY 
, 

 

where preb and postb are respectively the levels before and after the shock or 

dispute has started. Interrupted time series can also be represented as 
 

ttt INY 
. 

 
where the intervention function It can be represented as a variable consisting of 
zeros before the intervention and 1s during or after that.  
 
The literature27 suggests that a closer look at the data can suggest the possible 
economic effects of the natural gas disputes on the nine countries under 
investigation. The duration of the effect of 5 different gas disputes on external 
economies has been estimated by observing the dependent variable (Figure 1) and 
building hypotheses concerning the duration of the impact. The results of this 
analysis are summarized in Table 2. 
 
The implementation of a GARCH model is required28 due to the presence of 
heteroskedasticity, as also supported by the significantly better fit of this model29 

                                                                                                                 
International Conflict,” Journal of Conflict Resolution  50 (2006): 623; William Alex 
Pridemore, Chamlin, Mitchell B., Cochran, John K., “An Interrupted Time-Series Analysis of 
Durkheim's Social Deregulation Thesis: The Case of the Russian Federation,” Justice Quarterly 
24 (2) (2007): 271-290; Martin Brunner, “Does politics matter? The influence of elections and 
government formation in the Netherlands on the Amsterdam Exchange Index,” Acta Politica 
44 (2) (2009): 150-170. 
25  Os and an X are used in the original description by Campbell and Stanley. 
26  McDowall, McCleary, Meidinger and Hay. Interrupted time series analysis. 
27   See previous footnote. 
28  The Shapiro-Silk normality test shows that the residuals of both models do not 
follow a normal distribution, results which are also confirmed by the Skeweness/Kurtosis test 
for normality. For this reason, robust standard errors are employed for a more reliable 
estimation of the standard errors (See Tim Bollerslev and Jeffrey Wooldridge, "Quasi-
maximum likelihood estimation and inference in dynamic models with time-varying 
covariances," Econometric Reviews 11 (2) (1992): 143-172). This model is the best one found 
according to the AIC and BIC tests. It reasonably follows the straight line, but it fails to model 
some variance at the extremes of the distribution, pointing that there are some minor 
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and the visual inspection of residuals. In GARCH models30p lags of the conditional 
variance have been introduced31, where p, as indicated above indicated the 
autoregressive lags and q the ARCH (moving average) order32. In addition, an 
ARIMA(p,q) model can be used to identify the p and max(p,q).33  
 
A GARCH model can be modified to allow it to take into account non-linearity in 
variance. Nonlinear GARCH models (NGARCH) can be represented as follows 

 

tttt yfy   )( 1 , 

)( 1 ttt yfyu and 

),( 1
2

1
2

 ttt ug   
 

where t
2  is a function of its previous temporal value.34 The presence of 

heteroskedasticity, which cannot be treated even by logging the dependent 
variable, requires the implementation of a PP-NGARCH model, fact that is also 

                                                                                                                 
residual patterns in the data. Nonetheless, a search conducted following Cryer and Chan’s 
method for a fitter model is inconclusive, for all models show (significantly) higher AIC and 
BIC values. 
29  AIC and BIC for the pooled cross sectional time series model equal respectively 
418.4 and 455.7, compared to the PP-NARCH(0,0) model’s values of 361.8 and 408.8. 
30  Robert F. Engle, "Autoregressive Conditional Heteroskedasticity with Estimates of 
the Variance of United Kingdom Inflation," Econometrica 50 (4) (1982): 987-1007; Tim 
Bollerslev, “Generalized autoregressive conditional heteroskedasticity,” Journal of 
Econometrics 31 (1986): 307-327; Steven J. Taylor, Modeling Financial Time Series 
(Chichester: John Wiley & Sons, 1986). 
31  For other applications of GARCH models in political science see Schneider and 
Troeger, War and the World Economy and Martin Brunner, “Does politics matter? The 
influence of elections and government formation in the Netherlands on the Amsterdam 
Exchange Index,” Acta Politica 44 (2) (2009): 150-170. 
32  See Cryer and Chan, Time Series Analysis With Applications in R, 289 and Robert 
Engle, “GARCH 101: The Use of ARCH/GARCH Models in Applied Econometrics,” The Journal 
of Economic Perspectives 15 (4) (2001): 157-168. 
33  Cryer and Chan (294) suggest to first fit a GARCH(p,q) model and then to estimate 
q by looking at the significance of the estimated ARCH coefficient. Since mixed 
autoregressive and moving average processes are usually hard to define, Cryer and Chan 
(116-117, 294) suggest the use of the Extended Autocorrelation Function (EACF) of the 
squared observations. The best combination of p e q value will correspond to the upper-left 
vertex of the triangle of zeros, where p is the row and q is the column. 
34  James D. Hamilton, "Oil and the Macroeconomy since World War II," The Journal 
of Political Economy 91 (1983): 228-248; Peter F. Christoffersen, Elements of Financial Risk 
Management (New York: Academic Press, 2003); Damodar N. Gujarati, Basic Econometrics 
(New York: McGraw-Hill, Fifth Ed, 2009). 
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supported by the significantly better fit of the models35 and the visual inspection of 
residuals depicted in Figure 2.  
 
The Shapiro-Silk normality test shows that the residuals do not follow a normal 
distribution, results which are also confirmed by the Skeweness/Kurtosis test for 
normality36. For this reason, robust standard errors are employed for a more reliable 
estimation of the standard errors.37 This model is the best one found according to 
the AIC and BIC tests; it reasonably follows the straight line but, as shown in Figure 
3, it clearly fails to model some variance at the extremes of the distribution, 
pointing that there are some minor residual patterns in the data. 
 
The data collected is affected not only by heteroskedasticity, but also by 
multicollinearity. The high multicollinearity stems especially from the 
macroeconomic data of the GDP model38 which requires the generation of 
statistically independent factors through the use of Principal Component Analysis 
(PCA).  
 
Linear algebra allows the dimensional reduction of a complex database not simply 
by arbitrarily selecting those to be eliminated, but by using a scientific method that 
supports the generation of a set of statistically independent factors that retains the 
highest informational content, and dismissing the variables that represent just noise 
or that are redundant.39 Control variables, like the exchange rate between the Euro 
and the US dollar, Euro and British pound, oil price and gas price, were not 
processed with PCA in order to be able to test the ability of the model to estimate 
correct parameters for these control variables. Highly collinear variables (even if not 
significant) were not removed from the model in order not to bias the estimation of 
the parameters. By doing so, the average VIF is only 5.67, value which is slightly 
more than the value of 5 suggested by the literature.40 

                                                 
35  AIC and BIC for the pooled cross sectional time series GDP model equal 
respectively 418.4 and 455.7, compared to the PP-NARCH(0,0) model’s values of 361.8 and 
408.8. 
36  P-values are less than 0.0001. 
37  Tim Bollerslev and Jeffrey Wooldridge,. "Quasi-maximum likelihood estimation and 
inference in dynamic models with time-varying covariances," Econometric Reviews  11 (2) 
(1992): 143-172. 
38   Mean VIF=151,934.33. 
39  More specifically, PCA rotates the original matrix so that the main axis is aligned 
with the most important dimension, the second axis, perpendicular to the first one, is aligned 
with the second most important axis and so on. The rotated matrix is also centered on the 
mean of the distribution. 
40  Charlotte H. Mason and William D. Perreault, Jr., “Collinearity, Power, and 
Interpretation of Multiple Regression Analysis,” Journal of Marketing Research 28 (3) (1991): 
268-280. 
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5. Empirical Results 
 
The estimation of the PP-NGARCH model returns interesting results (see Table 3). 
Not only did the 2006 and 2009 Ukraine-Russia crises have a significant effect on 
the surrounding economies, but the 2004 and 2006 Belarusian crises also stand out 
as relevant explanatory variables of the negative impact on GDP incurred by several 
countries during and after the gas disputes. 
 
In support of the goodness of fit of the model, as emphasized also by a Chi-Square 
probability close to zero41, there is a significant and negative relationship between 
real GDP growth and natural gas prices. The direction of the relationship between 
the exchange rate and the Euro and the US dollar estimated by the model is also 
correct, given that an appreciation of the Euro relative to the dollar leads to more 
expensive exports and a decline in GDP growth. The oil price, the exchange rate for 
the Euro-British Pound, and the exchange rate Euro-Dollar are found to be non-
significant, suggesting that these variables do not add anything new to the 
informational content of the other macroeconomic and financial variables. A non-
significant relationship between oil prices and GDP growth is surprising, given the 
relevance of oil price indexed natural gas contracts in Europe. However, such 
empirical results might be better explained by noting that NYMEX natural gas prices 
are also linked to oil and its products, making them better indicators for trends in 
the pricing of energy resources in general, thus including both natural gas and oil. 
 
The parameter estimation of the crises reveals that there was a significant and 
negative impact of the Belarus 2004 (observed duration=2 quarters), Belarus 2006 
(observed duration=2 quarters), Ukraine 2006 and 2009 (both 1 quarter) disputes, 
but no significant relationship is found for the two remaining crises, the one 
between Moldova and Russia in 2006, and the one between Russia and Belarus in 
2007.  
 
The model shows that a good portion of the cases studied in the present work had a 
negative effect on the surrounding environment constituted by European countries 
and other institutions. This negative externality is a strong incentive for the 
environment to react and become an active player in the negotiation process. A 
clear example is the 2006 Belarusian crisis, which quickly reached an end due to an 
intense reaction of European customers.42 

                                                 
41  Prob>chi2=0.0000. 
42  Jim Nichol, Steven Woehrel and Bernard A. Gelb, Russia’s Cutoff of Natural Gas to 
Ukraine: Context and Implications. CRS Report for Congress (2006); accessed at 
http://www.italy.usembassy.gov/pdf/other/RS22378.pdf; accessed on: February 22, 2010; 
Nemtsov Yhiah, Russian part in RosUkrEnergo looks as improper as Ukrainian one. (2008); 
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Similar results (sometimes weaker, some other times stronger) are offered by 
alternative model specifications (Table 4).  
 
Several alternative models supported the finding of my best model. These models 
show that the Belarusian crisis in 2006 and the Moldovan dispute did not 
significantly affect the nine European economies, but the crises between Belarus 
and Russia in 2004 and 2006 are found to have significantly affected the real GDP 
growth of the countries under investigation. Weaker evidence of the significance of 
the Ukrainian crises is found in alternative model specifications, and, as mentioned 
above, no significant economic impact was found for the 2006 Moldovan crisis and 
the 2007 Belarusian crisis. It is important to note that a negative relationship 
between the 2009 dispute is in disaccord with Figure 1, according to which there 
should be a positive relationship between these two variables. At the time the 
dispute emerged GDP growth in Europe was reacting to the heavy blow it had 
received in the fourth quarter in 2008. A negative relationship between this 
measure and the 2009 gas dispute should be read in terms of lost growth during the 
first quarter in 2009, thus suggesting that without the instability caused by the failed 
negotiations between Ukraine and Russia, Europe, in general, would have better 
absorbed the losses in growth it encountered at the end of 2008. The negative 
effects of the 2008 Financial Crisis were expected to have a strong influence on the 
empirical tests conducted in this work and it is for this reason that several controls 
were introduced to isolate the effects of the political disputes between Russia and 
its former satellites. 
 
Given these results, the hypothesis presented above cannot be rejected, since for 
the majority of the disputes analyzed here negative externalities are found on 
several European economies. These findings emphasize that the environment in 
which the two actors were bargaining has changed since the collapse of the 
negotiations and the beginning of the dispute. These results are robust given the 
statistical relevance demonstrated by a Chi-Square value close to zero (which leaves 
little doubt that such results are due to randomness), the use of several control 
variables (used to separate the effect of the gas disputes and a general economic 
downturn), and the fact that most of the alternative models presented above reach 
similar conclusions. Going back to the purpose of this paper, what do these findings 
point out concerning the explanatory power of current game theory? The answer to 
this question will be addressed in the following sections. 
 
 

                                                                                                                 
accessed at http://www.unian.net/eng/news/news-241453.html; accessed on: February 22, 
2010. 
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6. Current game theory 
 
Expected utility models have evolved in recent years to the point where several 
modifications to basic games have been made and new formalizations have been 
devised. Such modifications have occurred in order to make the new models more 
robust43 or to adjust game theory to a new set of assumptions on the environment 
of play, in which the concept of utility maximization has been revised and replaced 
by different driving forces of change, as in evolutionary game theory.44 Other 
recent games have been devised so as to take into account communication among 
the players in order to monitor its effect on the final outcome of the interaction 
between the players.45 
 
Thus, despite the large number of games that are possible to apply46, current 
cooperative and non-cooperative game theory seems to inadequately account for 

                                                 
43   Paul Schoemaker, “The expected utility model: its variants, purposes, evidence and 
limitations,” Journal of Economic Literature 20 (2) (1982): 529–563. 
44  Paul Schoemaker, “The expected utility model…; Dov Eden, “Critical job events, 
acute stress, and strain: A multiple interrupted time series,” Organizational Behavior & 
Human Performance 30 (3) (1982): 312-329; Josef Hofbauer and Karl Sigmund, Evolutionary 
Games and Population Dynamics (New York: Cambridge University Press, 1998); Peyton H. 
Young, Individual Strategy and Social Structure: An evolutionary Theory of Institutions 
(Princeton, New Jersey: Princeton University Press, 1998); Avinash K. Dixit, Susan Skeath, 
David H. Reiley, Jr., Games of strategy (W.W. Norton & Company, Inc, 2009); Erwin Frey, 
Evolutionary Game Theory: Theoretical Concepts and Applications to Microbial Communities 
(2010), asc.physik.uni-muenchen.de. 
45  Cho In-Koo and David M. Kreps, “Signaling Games and Stable Equilibria,” The 
Quarterly Journal of Economics 102 (2) (1987): 179-221. 
46  Even all modifications of the basic game fail to account for an evolving 
environment, where players have a gradually stronger (or weaker) influence on the outcome 
of the bargaining crisis. Such statement applied even for complex games like Evolutionary 
Game Theory (see Peter A. Danielson, Modeling Rationality, Morality and Evolution (New 
York: Oxford University Press, 1998), Roger B. Myerson, Game Theory: Analysis of Conflict 
(Cambridge, Massachussets: Harvard University Press, 1991); Dixit, Skeath, Reiley, Jr., Games 
of strategy. (W.W. Norton & Company, Inc, 2009), nested games (George Tsebelis, Nested 
Games: Rational Choice in Comparative Politics. (Berkeley: University of California Press, 
1990); John T. Scholz, “Cooperative Regulatory Enforcement and the Politics of 
Administrative Effectiveness,” The American Political Science Review 85 (1) (1991): 115-136), 
two level-games (see Robert Putnam, “Diplomacy and domestic Politics: The Logic of Two-
Level Games,” International Organization 42 (1988): 427-60), infinitely repeated games 
(Myerson, Game Theory, Martin Shubik, Game Theory in the Social Sciences: Concept and 
Solutions (Cambridge, Massachussets: The MIT Press, 1982), and multi-agent games (Michael 
L. Littman, Michael Kearns, Satinder Singh, An Efficient Exact Algorithm for Singly Connected 
Graphical Games. (University of Pennsylvania, 2001), supergames and metagames (Glenn H. 
Snyder and Paul Diesing. Conflict Among Nations. Princeton, New Jersey: Princeton 
University Press, 1977), neutrosophic game theory (Florentin Smarandache, Sukanto 
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the dynamic role of the external environment in the success or the failure in which 
two or more parties reunite to reach an agreement. In the literature47 there is 
recognition of this problem, and the authors of the article maintain that “we repeat 
most emphatically that our theory is thoroughly static. A dynamic theory would 
unquestionably be more complete and therefore more preferable.  
 
In Political Bargaining: An introduction to Modern Politics48 the authors are also 
aware of this issue and claim that “every person is affected by the politics of the 
society in which he lives” and that goes beyond what game theorists do, which is 
considering the environment as a constraint on choices and perception of the 
outcome of the bargain. Such a problem is also reported also in Towards a 
renaissance of economic theory49 according to which modern economic theory, 
based on the rational actor assumption, is inherently flawed because social context 
and norms are usually ignored or assumed to be constant in the game theoretic 
models developed.  
 
The problem of the influence of a dynamic context was also known to J.M. Smith50, 
who maintained that “an obvious weakness of the game-theoretic approach to 
evolution is that it places great emphasis on equilibrium states, whereas evolution is 
a process of continuous, or at least periodic, change”.51 Gas disputes, like evolution, 
must be understood within a dynamic context which is clear through the 
introduction of the actions of European leaders leading to the resolution of the 
2009 gas dispute52. Smith attributes the existence of this weakness to the increased 
(mathematical) complexity that dealing with continuous change entails. The 

                                                                                                                 
Bhattacharya, Mohammad Khoshnevisan, “The Israel-Palestine Question – A case for 
Application of Neutrosophic Game Theory” (2006), 51-61. Article in Smarandache, Florentin, 
Sukanto Bhattacharya, Mohammad Khoshnevisan, Housila P. Singh, Rajesh Singh, F. 
Kaymram, S. Malakar, Jose L. Salmeron, “Computational Modeling in Applied Problems: 
collected papers on econometrics, operations research, game theory and simulation,” 
ProQuest Information & Learning, 2006), and alternating-offer bargaining game (see Ingolf 
Stahl, Bargaining Theory. Economic Research Institute (Stockholm: Stockholm School of 
Economics, 1972) and Ariel Rubinstein, “Perfect Equilibrium in a Bargaining Model,” 
Econometrica 50 (1982): 97-109). 
47  Shubik,Game Theory in the Social Sciences. 
48  Thomas A. Reilly and Sigall Michael W., Political Bargaining: An introduction to 
Modern Politics (San Francisco: W.H. Freeman and Company, 1976), 3. 
49  Herbert Gintis, “Towards a renaissance of economic theory,” Journal of Economic 
Behavior & Organization 73 (2010): 34–40. 
50  J.M. Smith, Evolution and the theory of games (Cambridge University Press, 1982). 
51  Page 8. 
52  See below. 
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literature on sequential decision making53 follows this claim and demonstrates that 
a static process that underpins the decision-making process (goals identification, 
alternatives search, payoff estimation for each alternative, alternatives evaluation 
and alternatives selections given the goal), as found in the literature, does not 
correctly represent reality. 
 
However, as the empirical results have shown, gas disputes take place in dynamic 
environments, characterized by large externalities which can affect the diplomatic 
relationships among the players belonging to same environment. In such an 
environment, a researcher that ignores the effects of a dynamic environment in his 
model risks undermining the validity of the game-theory used to explain or to 
predict the outcome of the bargaining process.  
 
7. Changing games in an evolving environment: Fully-Fuzzy (FF) games 
 
The relevance of the external factors is evidenced by Russia’s decision in 2006 that it 
was in its national interest to bypass Ukraine with the construction of the North 
Stream pipeline. Although several other diplomatic issues were connected to the 
building of this expensive infrastructure, Ukraine perceived that the realization of 
the new pipeline that would bypass up to 50% of the Ukrainian pipeline system, was 
a serious threat to its centrality to gas delivery to the rest of Europe.54 It was also for 
this reason that a wave of agreements followed immediately after European 
customers reacted to the 2006 dispute, reflected too by the broaden scope and 
increased intensity of projects in the INOGATE programme55, a EU initiative to 
foster collaboration with states on the Black and Caspian Seas. 
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Russia (Paul J. Saunders, Russian Energy And European Security: A Transatlantic Dialogue. 
(The Nixon Center, 2008); accessed at:  
http://www.nixoncenter.org/monographs/saunders08.pdf; accessed on: June 8, 2010. 
55  See http://www.inogate.org/. 
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Similar conclusions, however, could be drawn for the 2009 crisis; in fact, the two 
parties were aware that a negotiation phase as long as that of the Belarusian crisis in 
2004 would have led the EU to invest significant time and resources into exploring 
alternative sources of energy, given the statements already made in 2004 about 
reducing energy consumption, lowering dependence on oil and gas and committing 
to the construction of the Nabucco pipeline, the White Stream (a pipeline which 
connects Georgia and Romania through the Black Sea) and the Interconnector 
between Turkey and Greece and Italy (ITGY). These pipelines are in direct 
competition with North Stream, the pipeline majority-owned by Russia, which is 
planning to use it to bypass transit countries and lower the retail gas price itself by 
avoiding transit fees. Nabucco and similar projects, however, represent a threat to 
Ukraine, which benefits from its status as a transit country. This common interest in 
avoiding the loss of their privileged access to the European market, a loss which can 
be seen as an externality of a prolonged bargaining, is, another example wherein 
the preferences of external actors need to be accounted for to understand the 
development of important political crises like the ones studied in this work. 
 
The 2009 crisis represents an extreme case in which the gravity of the situation, 
determined by the interruption of gas flow to Europe, triggered an immediate and 
clear response from the highest levels of European governance. A similar statement 
cannot be made with reference to the 2006 gas dispute, in which “the European 
Commission officials were severely criticized for only returning from holiday in time 
to welcome the end of the crisis”.56 Despite the lack of intervention at the supra-
national level, consumers reacted to the crisis due to the reduction of gas supply, 
even though the crisis merely lasted three days.  
 
Nonetheless, both crises stress an important factor: the outcome of political 
bargaining that occurred between Russia and Ukraine, and Russia and Belarus or 
Moldova was affected in different degrees by the preferences of actors that had an 
interest in an early resolution of the dispute. In both cases, gas supplies were 
reduced or cut, causing significant damages to the economies and the standards of 
living of citizens of the countries that were more severely affected by the gas 
disruptions. Thus, these countries were strongly motivated to impose their 
preferences on the disputing actors since the consequences of their doing so were 
evident to all. However, even though crises were not followed by gas disruptions, 
they may have been responsible for ‘less evident’ damaging events. These events 
could be a decline in consumption, given the higher perception that the economy 
will be more unstable and/or like a rise in gas and oil price, which the economic 
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literature shows to be the cause of a decline in the real GDP of energy importing 
countries.57 
 
Fuzzy games come close to portraying a more realistic political bargaining 
situation.58 However, in these games the number of players is precisely defined and 
the fuzziness pertains only to other aspects of the games like the structure of the 
payoffs, strategies, objectives, moves, but not the increasing importance of one or 
more additional players in a game. One can informally recognize that the fuzziness 
of these games is ‘more’ complete by acknowledging the fact that there are actors 
whose preferences gradually emerge and become active in a game, especially in an 
environment which has been damaged by the start of the crisis or in an environment 
that benefitted from an active diplomatic intervention (a statement from President 
of the EU for example).  
 
In such a game, represented in Figure 4, not only the structure of the game changes; 
from a two-dimensional table its formal representation gradually evolves into a 
multi-dimensional table (Game A through C), where there are as many dimensions 
as the total number of players. In what I will call Fully-Fuzzy (FF) games, the 
preferences orderings for actions change, aggregating across all “game-
dimensions”, where the choices/alternatives arise. 
 
Fully-Fuzzy games possess the ability to consider an environment that gradually 
evolves to the point of introducing a new player mid-play that, in the present case, 
could be identified as Europe, whether with this concept one refers to any 
combination of European countries or European institution which are directly or 
indirectly involved by the gas dispute in the negotiation process. Figure 4 (Games B 
to C) emphasize the gradual transition (dashed line) by which these new actors enter 
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fluctuations in international stock markets. Universidad Carlos III de Madrid. Departamento 
de Estadística. (2010); accessed at: http://e-archivo.uc3m.es/dspace/handle/10016/6918; 
accessed on: March 2, 2010. 
58  Abraham Kandel and Yan-Qing Zhang, “Fuzzy Moves” Fuzzy Sets and Systems 99 
(1998): 159-177; Michael Aristidou and SudiptaSarangi, “Games in Fuzzy Environments” 
Southern Economic Journal 72(3) (2006): 645. 



CEU Political Science Journal. Vol. 6, No. 4 

 560 

the game. As already said, it is this progressive change, which one can assume to be 
related to the cumulative damage suffered by these external actors, the central part 
of my argument and which I claim cannot be directly dealt with by current state-of-
the-art of game theoretic models. A Fully-Fuzzy game, as shown above, stresses the 
gradual importance of a third player (EU) in what originally is a simple two-player 
game (Game A) to a full blown game where there three active players (Game C). The 
equilibrium that would stem from such a distribution of pay-offs, regardless of 
whether this is a sequential game or not and regardless of the each player’s level of 
information, can be substantially different from the equilibrium that is reached once 
both players, Russia and Ukraine, account for potential externalities on a third 
player, Europe. Looking at the first game in Figure 4 as a Prisoner’s dilemma, one 
would expect that since defecting (not finding an agreement) is the dominant 
preference, the game would settle on both avoiding cooperation.  
 
This equilibrium, however, is subject to an additional and growing force once it is 
gradually clear that since cooperation is the dominant preference for both Russia 
and the EU (see upper part of the Games B and C in Figure 4) – assuming for 
example that the EU wants the conflict between Russia and Ukraine to be 
immediately over and Russia does not want to be isolated from world affairs even at 
the cost of finding an agreement with Ukraine.  
 
This second game, depicted in the upper part of the Games B and C in Figure 4, is 
completely different from the one that Russia is playing with Ukraine. The outcome 
of the first game (Russia-Ukraine), however, affects the outcome of the other game 
as soon as Europe, as a player, gains relevance, which, in the Game C, is maximized. 
Similarly, Ukraine has to play another game itself with the EU and outcome of this 
game can be heavily affected in turn by the game between the EU and Russia as well 
(see side game in Games B and C). Once again, it is the growing importance of the 
EU as a player that can affect the outcome of the whole game, which in its entirety I 
have defined as ‘Fully-Fuzzy’ (FF). 
 
As a final remark, it is important to note that the third party (Europe) does not 
necessarily have to be a strong ally of either of the two original players, Russia and 
Ukraine. In fact, it is sufficient that the preferences of this third entity have some 
affinity with the preferences of one of the other actors. 

 
8. Conclusions 
 
The 2009 and the 2010 gas disputes have shown the international community that 
energy is to become a prime issue for European security. In recent years, these 
disputes have reached an intensity which was only matched by those of the 1970s. In 
addition to European security, the expansion of Russian political influence in Europe 
has become a major concern for Europe’s highest leaders who suspect that Russia 
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may use the energy weapon to advance its political agenda also in Eastern and 
Western Europe.  
 
Understanding the development and conclusion of these political bargaining events 
can occur through the use of political bargaining models, and it is discussing the 
potential of these models where I believe that this work is making its biggest 
contribution. This work shows that one of the most popular political bargaining 
models, game theory, has thus far been limited by its inability to deal with a 
changing environment. Cooperative and non-cooperative game, evolutionary 
games, infinitively repeated games, multi-agent games, two-level games, nested 
games, fuzzy games, neutrosophic games, supergames, metagames, despite their 
value and their emphasis is on specific issues, all do not account for an environment 
in which multiple actors gradually become active parts of the game, as shown to be 
a real occurrence and supported by empirical evidence in political bargaining crises 
like those between Russia and its former satellites. Figure 4 emphasizes that an 
evolving environment can significantly affect not only the structure of a game (no 
more just a Prisoner’s dilemma), but it modifies the calculation relative to the 
aggregation of the preferences, which, in the specific case presented in Figure 4, 
would occur across all three dimensions. 
 
In conclusion, I believe that a secondary contribution of this work is to bring more 
attention to the existence of statistical techniques like GARCH models and Principal 
Component Analysis. These techniques, mostly used in economics or health 
sciences, would certainly help political scientists produce research that is more 
robust and of higher quality, to the benefit of the whole scientific community. Too 
much research is still currently based on simple regression, regardless of the 
characteristics of the data analyzed. 
 
It is important to point out that the present work is simply an attempt to stress the 
limits of modern game theory. As the reader has noticed, there is no attempt to 
formalize the gradual interaction of multiple players. This work is rather designed to 
acknowledge this limitation of game theory and leaves the design of the formal 
utility calculus to future research, mainly due to the mathematical complexity of the 
task. I chose to call the game “Fully-Fuzzy” (FF), knowing that the computation 
complexity of this game would probably be at a higher level than Fuzzy games, since 
it would require devising a methodology which can account for the gradual 
relevance of another actor or of other actors. Nonetheless, it is certainly true that 
the contribution of the present work will be complete with the definition of a formal 
model. 
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Appendix 
 
Table 1: Dates corresponding to the start of the disputes analyzed 

Crisis Start Quarter Date negotiations failed 

Belarus-Russia 2004 Q1-04 January 1, 2004 

Moldova-Russia 2006 Q1-06 January 1, 2006 

Belarus-Russia 2006 Q2-06 
 

End of March 200687 

Ukraine-Russia 2006 Q1-06 January 1, 2006 

Belarus-Russia 2007 Q3-07 August 1, 2007 

Ukraine-Russia 2009 Q1-09 January 1, 2009 

 

 

                                                 
87 Please note that this crisis refers to the unilateral statement from Gazprom to increase the price of gas supplied to Belarus which was not 
followed by any significant statement or action from the EU. 



CEU Political Science Journal. Vol. 6, No. 4 

 568 

Table 2: Observed likely duration of impact of gas crises (quarters) 
Dispute Duration in quarters 

Belarus-Russia 2004 1,2 

Moldova-Russia 2006 1,2 

Belarus-Russia 2006 1,2,4,5 

Ukraine-Russia 2006 1,2 

Belarus-Russia 2007 1,2,4 

Ukraine-Russia 2009 1,2,3 
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Table 3: Regression results of the PP-NARCH model 
Variables 
 

           Estimated parameter p-value 

Gas price -.0842707 0.005*** 

Oil price .0007493 0.883 

Exchange Euro-Pound -2.191647 0.277 

Exchange rate Euro-US Dollar -2.940695 0.020** 

Factor 1 -.0156075 0.488 

Factor 2 .0081867 0.684 

Factor 3 -.0187881 0.787 

Belarus 2004 -1.284743** <0.001*** 

Belarus 2006 -.487544 0.002*** 

Moldova 2006 .1857024 0.277 

Belarus 2007  .0083895 0.956 

Ukraine 2006 and 2009 -.4106194 0.048* 

Constant 4.251081 0.056 

 



CEU Political Science Journal. Vol. 6, No. 4 

 570 

Table 4: Hypotheses supported by alternative model specifications 
 

Model Significant and Negative effect (Crises) 
PP-NARCH, ma(1) ar(1) Belarus 2004, Belarus 2006, Ukraine 2006 and 2009 
PP-NARCH, ma(2) ar(2) Belarus 2006 
PP-NARCH Belarus 2006 
PP-ARCH (1), ma(1) ar(1) Belarus 2004, Belarus 2006, Ukraine 2006 and 2009 
PP-ARCH (1) Belarus 2004, Belarus 2006 
PP-GARCH (1,2) Belarus 2004, Belarus 2006 
FE (within) regression with AR(1) Belarus 2004 
PP-NAGARCH(1,0) Belarus 2004, Belarus 2006, Ukraine 2006 and 2009 
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Figure 1: GDP growth levels (%) and gas disputes 
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Figure 2: Residuals of a pooled cross sectional GDP model 
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Figure 3: QQ Normal Scores of Standardized Residuals from the fitted PP-NARCH Model with AR and MA 
disturbances 
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Figure 4: A Fully-Fuzzy game with three players (personal elaboration) 

 
 
 
 
 




