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By 
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Chair: Adem Kilicman, PhD 
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Chaotic behavior which is based on nonlinearity and deterministic process has captured 

the attention of many mathematical economists in recent years. This behavior can put 

limits of predictability on the future behavior of a series. Thus, detecting the chaos in 

economics can help the policy designer to have a better understanding about the impact 

of monetary policy on real economy. This thesis tries to find the chaotic behavior in an 

economic dynamical system by performing both theoretical and empirical investigation. 

For the theoretical part Hopf bifurcation theorem is used. The Existence of bifurcation 

ensure us the availability of being limited cycles. The results of this part show that there 

exists the Hopf bifurcation between the parameters of the model. Empirically this thesis 

used the Brock, Dechert and Scheinkman (BDS) test to detect the chaotic behavior in the 
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system. The BDS is a portmanteau test which can be used against a variety of possible 

independence including nonlinearity and chaos. Generally, this test is based on the 

correlation dimension, and the null hypothesis is tested that a time series data came from 

a data generation process that is independent and identical distribution. Asymptotically, 

this test statistic has a standard normal distribution under the pure whiteness hypothesis. 

If we remove the linear dependency and conditional heteroscedasticity from the time 

series data this test can show whether that data come from a chaotic data generation 

process. We used the quarterly data of the United State of America and the period is 

from 1980:1-2010:4. We employed the Kwiatkowski, Phillips, Schmidt and Shin 

(KPSS) test for checking the unit root and Generalized Method of Moments (GMM) 

estimator for estimating the coefficients of the system of equations. Autoregressive 

Moving Average (ARMA) is used for removing the linear relations. The main finding of 

the BDS test confirms the existence of chaotic behavior in the simulated outcomes 

(output gap) obtained from the estimated system of equations. The general conclusion 

drawn from this thesis indicates that the rules with feedback may create the chaotic 

behavior in the real world, and seems the rules without feedback can be a better choice 

for conducting monetary policy.  
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ANALISIS MATEMATIK BAGI KELAKUAN KALUT 
DALAM KAEDAH DASAR KEWANGAN 

 

Oleh 

REZA MOOSAVI MOHSENI 

Mei, 2013 

Pengerusi: Adem Kilicman, PhD 

Fakulti: Sains 

 

Kalut tingkah laku yang berdasarkan tak-linear dan proses ketentuan, telah menarik 

perhatian ahli ekonomi matematik banyak dalam tahun ini. Tingkah laku ini boleh 

meletakkan had ramalan pada siri tingkah laku masa depan. Oleh itu, mengesan keadaan 

kalut dalam bidang ekonomi boleh membantu pereka dasar untuk mempunyai 

pemahaman yang lebih baik tentang kesan dasar kewangan ke atas ekonomi sebenar. 

Tesis ini cuba untuk mencari tingkah laku yang kalut dalam sistem ekonomi yang 

dinamik dengan melaksanakan kedua-dua penyiasatan teori dan empirik. Bagi 

sebahagian teori Hopf, teorem dua pencabangan digunakan. Sedia ada dua pencabangan 

memastikan kita dengan kesediaan tentang menjadi kitaran terhad. Keputusan bahagian 

ini menunjukkan bahawa wujud pencabangan dua Hopf antara parameter model. 

Empirik tesis ini menggunakan ujian Brock, Dechert dan Scheinkman (BDS) untuk 
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mengesan tingkah laku yang kalut dalam sistem. BDS adalah ujian singkatan yang boleh 

digunakan terhadap pelbagai kebebasan mungkin termasuk tak-linear dan kalut. Secara 

amnya, ujian ini adalah berdasarkan dimensi korelasi, dan hipotesis yang seimbang diuji 

bahawa data siri masa dari proses penjanaan data yang adalah bebas dan sama rata. 

Secara asimptot, ujian statistik ini mempunyai taburan normal piawai di bawah hipotesis 

keputihan tulen. Jika kita menghapuskan pergantungan linear dan heteroskedastisiti 

bersyarat dari data siri masa ujian ini boleh menunjukkan sama ada data tersebut datang 

dari proses generasi data kalut. Kami menggunakan data suku tahunan Negeri Amerika 

Syarikat dan tempoh dari 1980:1 ke 2010:4. Kami mengerjakan ujian Kwiatkowski, 

Phillips, Schmidt dan Shin (KPSS) untuk memeriksa akar unit dan Kaedah Teritlak 

Moments (GMM) penganggar bagi menganggar pekali sistem persamaan. Purata 

Autoregresi Bergerak (ARMA) digunakan untuk menghapuskan hubungan linear. 

Penemuan utama ujian BDS mengesahkan kewujudan tingkah kalut dalam hasil simulasi 

(jurang keluaran) yang diperolehi daripada sistem anggaran persamaan. kesimpulanya 

daripada tesis ini menunjukkan bahawa kaedah-kaedah dengan maklum balas boleh 

mewujudkan tingkah laku yang kalut dalam dunia sebenar, dan seolah-olah peraturan 

tanpa maklum balas boleh menjadi pilihan yang lebih baik untuk menjalankan dasar 

kewangan. 
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CHAPTER 1 

OVERVIEW OF THE STUDY 

 

1.1.Introduction 

Chaotic behavior has captured attention of many mathematical economists in recent 

years. This theory is based on two main assumptions that the system is a nonlinear and 

deterministic process which looks random. In other words, the process will be 

determined if the system has no disturbance (H. Nagashima and Y. Baba; 2002). 

However, the chaos theory revolutionary has shown that the external disturbance or 

noise may not be the only source of randomness and nonlinearity that can lead to 

complexity. Robert M. May (1976) in his semantic paper argued that a very simple 

mathematical nonlinear model can possess extraordinary rich dynamical behavior. As 

we know, this behavior can put limits of predictability on the future behavior of the 

process from past history. In such a system, history can be irrelevant. In other words, our 

process is not time-dependent. But if we can discover the chaotic behavior in a system, it 

could be possible to predict the system at least in the short run. Due to the instability of 

chaotic process the long prediction is impossible. If the dynamics of the process is 

chaotic the long run prediction is impossible even if the structure of the model is 

completely known (W. J. Baumol and R. E. Quandt; 1985, W. J. Baumol and J. 

Benhabib; 1989, G. P. Decoster and D. W. Mitchell; 1991). For instance, it warns the 

monetary policy maker that the random behavior may not be random at all.  
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Historically, the chaos theory dates back over 120 years to the work of Henri Poincare 

(R. Devaney; 1992). But it started in 1960 When Edward Lorenz created his numerical 

atmospheric turbulence model at the MIT. The Lorenz works showed that complex 

system often seems to run through some kind of cycle. The basic theoretical explanation 

on chaotic dynamics and strange attractor were provided by Smale (1967) and in the 

early 1970s by Ruelle and Takens (1971). Nowadays, this theory is a branch of 

mathematics that studies the complex dynamic systems. The complex systems are the 

systems that contain so many variables that motion, and computers are needed to 

determine all the various possibilities. That is why the chaos theory could not have 

emerged before the second half of the 20th century. 

In 1989 Devaney presented a definition of chaos which is probably the most popular in 

mathematics textbooks. He proposed three properties for a chaotic behavior (J. Banks, 

V. Dragan and A. Jones; 2003)1: 

Definition: Let V be an interval. We say that f: V V is chaotic on V if: 

i. f has sensitive dependence on initial condition. 

ii. f is transitive. 

iii. Periodic points are dense in V. 

Devaney (1992) argued that many of the most important processes in nature are 

nonlinear, and dynamical system has a long history as a branch of mathematics. On the 

other hand, chaos theory as an emerging theory has been considered in various field of 

study such as biology, physics and economics. Broadly speaking, chaos can be defined 

                                                             
1. This thesis will consider the definition of chaos in the sense of Devaney.  
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1986).  

 

1.2.Problem Statement 

In the most of economic models we accepted that the external noise is the source of the 

randomness and volatility in the behavior of the system, but the chaos revolution has 

shown that we can have another source for this behavior. In other words, in econometric 

analysis with a linear systems, the stochastic disturbances at least in some cases be 

inadequate and may be nonlinear system can be more appropriate. Where chaos occurs 

economic forecasting becomes extremely difficult (Baumol and Quandt; 1985), and puts 

limits of predictability of the future behavior from the past history. This theory can 

provide difficulties for both policy designer and economic analyst.  

In recent years there has been a growing interest in the search for evidence of nonlinear 

dynamics, and in particular chaos, in economic data (Airaudo and Zanna; 2012, Park and 

Whang; 2012, Barkulas; 2008, Barnett and Duzhak; 2008, Grandmont; 2008, Serletis 

and Shintani; 2006, Kyrtsou and Serletis; 2006, Shintani and Linton; 2003, Benhabib et 

al; 2002, Michener and Ravikumar; 1998, Kaas; 1998, Serletis; 1996, Decoster and 

Mitchell; 1992, Scheinkman; 1990 and many others). As we know if the dynamics are 

chaotic, then at least the long term prediction is impossible even if the correct economic 

system is known. On the other hand, only short-term predictability is possible. If this 

nonlinearity is indeed present, it is important to identify the source of this nonlinearity 

(DeCoster and Mitchell; 1991, DeCoster and Mitchell; 1992).  
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However, the existence of the chaotic behavior can provide serious difficulties and 

probable misunderstanding about the conducting and effectiveness of monetary policy 

for both policy designer and the public, so discovering the possibilities of occurrence of 

this behavior can help to the policy maker. 

All in all, the evidence from the past research for the existence and importance of 

nonlinearity and chaos in economic behavior may suggests further research in this field 

of study especially the policy outcomes.  

 

1.3.Purpose of the Study 

After formulating a stochastic macroeconomic dynamic system, the main objective of 

this study is to detect the chaotic behavior between two different important monetary 

policy rules called Taylor rule and inflation targeting rule. 

Therefore the specific purpose of this study can be stated in two parts: 

i. Theoretically finding the Hopf bifurcation in an open economic model 

ii. Discover the possible occurrence of chaotic behavior in the outcome of 

economic model. 

 

1.4.Significance of the Study 

Searching for chaotic behavior in monetary data is important for three reasons. First, it is 

chaotic. Second, if it shows nonlinearities, the behavior of linear stochastic models that 
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we use in economics cannot be employed for forecasting. Third, the results of this study 

can help the monetary policy designer to have a better understanding about the 

effectiveness of monetary policy. 

 

1.5.Scope of the Study 

The empirical scope country of this study is the United State of America. The data set 

used in this study is quarterly and from the first quarter of 1980 to the fourth quarter of 

2010. The data are collected from the data stream software. 

 

1.6.Organization of the Study 

The rest of this thesis is organized as follows. The next chapter describes the academic 

background. On the other words, this chapter analyzes the semantic previous academic 

literatures of this subject. Chapter three presents a model with two different types of 

monetary policy rule: Taylor rule and inflation targeting. The next chapter describes the 

econometric and mathematical methodology. Estimating and evaluating the 

macroeconomic model, simulating of the outcomes of different types of monetary policy 

rules and detecting Hopf bifurcation and chaotic dynamics with the Brock, Dechert and 

presented in chapter five. Finally, chapter six 

expresses the summery and the conclusion remarks. 

 

 

 



© C
OPYRIG

HT U
PM

79 
 

REFERENCES 

Airaudo, Macro and Luis-Felipe Zanna (2013). Interest rate Rules. Endogenous Cycles. 
and Dynamics in Open Economies. Journal of Economic Dynamics and 
Control. Forthcoming. 

Alesina, Alberto (1988). Alternative Monetary Regimes: A Review Essay. Journal of 
Monetary Economics. 21: 175-183. 

Alesina, Alberto and Guido Tabellini (1988). Credibility and Politics. European 
Economic Review. 32: 542-550. 

Altonji, Joseph G. and Lewis M. Segal (1996). Small Sample Bias in GMM Estimation 
of Covariance Structures. Journal of Business and Economic Studies. 14(3): 
353-366. 

Andersen, Torben M. (1986). Rules versus Discretion in Monetary Policy: the Case of 
Asymmetric Information. Journal of Economic Dynamics and Control. 10: 
169-174. 

Arrow, Kenneth J. and Marc Nerlove (1958). a Note on Expectations and Stability. 
Econometrica. 26(2): 297-305. 

Asso, Francesco, George Kahn and Robert Leeson (2007). Monetary Policy Rules: from 
Adam Smith to John Taylor. Presented at Federal Reserve Bank of Dallas 
Conference. October. 

Backus, David and John Driffill (1985b). Inflation and Reputation. American Economic 
Review. 75(3): 530-538. 

Backus, David and John Driffill (1985a). Rational Expectations and Policy Credibility 
Following a Change in Regime. Review of Economic Studies. LII: 211-221. 

Bae, Hyong Ohk, Chung-Nim Lee and Timothy Poston (1991). An Application of the 
Hopf Bifurcation Theorem in Economics. Journal of Korean Mathematics 
Society. 28(2): 215-228. 

Ball, Laurence (1999). Efficient Rules for Monetary Policy. International Finance. 2(1): 
63-83. 

Ball, Laurence (1999). Policy Rules for Open Economies. in Monetary Policy Rules. Ed. 
By J. Taylor. the University of Chicago Press. 

Banks, J., V. Dragan and A. Jones (2003). Chaos: A Mathematical Introduction. 
Cambridge University Press. Cambridge. 

Barkoulas, John T. (2008). Testing for Deterministic Monetary Chaos: Metric and 
Topological Diagnostics. Chaos Solutions and Fractals. 38: 1013-1024. 

Barnett, William A. and Eryimaz Unal (2012b). Hopf Bifurcation in the Clarida. Gali. 
and Gertler Model. MPRA Paper. No. 40668. 

Barnett, William A. and Eryimaz Unal (2012a). An Analytical and Empirical Search for 
Bifurcation in Open Economy New Keynesian Models. MPRA Paper No. 
40426. 

Barnett, William A. and E. A. Duzhak (2008). Non-Robust Dynamic Inference for 
Macroeconometric Models: Bifurcation Stratification of Confidence Regions. 
Physica A. 387: 3817-3825. 

Barnett, William A., A. R. Gallant, M. J. Hinich, J. A. Jungeilges D. T. Kaplan and M. J. 
Jensen (1997). A Single-Blind Controlled Competition among Tests for 
Nonlinearity and Chaos. Journal of Econometrics. 82: 157-192. 



© C
OPYRIG

HT U
PM

80 
 

Barnett, William A., A. R. Gallant, M. J. Hinich, J. A. Jungeilges D. T. Kaplan and M. J. 
Jensen (1995). Robustness of Nonlinearity and Chaos Tests to Measurement 
Error. Inference Method. and Simple Size. Journal of Economic Behavior and 
Organization. 27: 301-320. 

Barro, Robert J. (1986). Reputation in a model of monetary policy with Incomplete 
Information. Journal of Monetary Economics. 17: 3-20. 

Barro, Robert J. (1985). Recent Developments in the Theory of Rules versus Discretion. 
the Economic Journal.  

Barro, Robert J. and David B. Gordon (1983b). Rules. Discretion and Reputation in a 
Model of Monetary Policy. Journal of Monetary Economics 12: 101-121. 

Barro, Robert J. and David B. Gordon (1983a). a Positive Theory of Monetary Policy in 
a Natural Rate Model. Journal of Political Economy. 91(41): 589-610. 

Barro, Robert J. (1976). Rational Expectation and the Role of Monetary Policy. Journal 
of Monetary Economics. 2: 1-32. 

Batini, Nicoletta and Andrew G. Haldane (1999). Forward-Looking Rules for Monetary 
Policy. in Monetary Policy Rules. Ed. By J. Taylor. the University of Chicago 
Press. 

Baumol, William J. and Jess Benhabib (1989). Chaos: Significance. Mechanism. and 
Economic applications. Journal of Economic Perspectives. 3(1): 77-105. 

Bamol W. J. and R. E. Quandet (1985). Models and their Implications for Forecasting. 
Eastern Economic Journal 11: 3-15.  

Benhabib, Jess, S. Schmitt-Grohe and Martin Uribe (2002). Chaotic Interest Rate Rules. 
The American Economic Review. 92(2): 72-78.  

Bernanke, Ben S. and Ilian Mihov (1998). Measuring Monetary policy. The Quarterly 
Journal of Economics. August: 869-902. 

Bernanke, Ben S. and Michael Woodford (1997). Inflation Forecasts and Monetary 
Policy. Journal of Money Credit and Banking. 29(4): 653-684. 

Bernanke, Ben S. and Fredric S. Mishkin (1997). Inflation Targeting: A New 
Framework for Monetary Policy?. Journal of Economic Perspective. 11(2): 97-
116. 

Blackburn, Keith and Micheal Christensen (1989). Monetary Policy and Policy 
Credibility: Theory and Evidence. Journal of Economic Literature. XXVII 
(March): 1-45. 

Brock, W. A. (1986). Distinguishing Random and Deterministic Systems: Abridged 
Version. Journal of Economic Theory. 40: 168-195. 

Brock, W. A., W. D. Dechert, J. A. Scheinkman and B. LeBaron (1996). A Test for 
Independence Based on The Correlation Dimension. Econometrics Review. 
15(3):197-235. 

Brock, W. A., W. D. Dechert, J. A. Scheinkman (1987). A Test for Independence Based 
on The Correlation Dimension. Department of economics. University of 
Wisconsin at Madison. 

Burnside, Craig and Martin Eichenbaum (1996). Small-Sample Properties of GMM-
Based Wald Tests. Journal Business and Economic Statistics. 14(3): 294-308. 

Cai, Jianping (2005) Hopf Bifurcation in the IS-LM Business Cycle Model with Time 
Delay. Electronic Journal of Differential Equation. 2005(15): 1-6. 

Calvo, Guaillermo A. (1978). on the Time Consistency of Optimal Policy in a Monetary 
Economy. Econometrica. Vol. 46(6): 1141-1158. 



© C
OPYRIG

HT U
PM

81 
 

Cazoneri, Matthew B. (1985). Monetary Policy Game and the Role of Private 
Information. American Economic Review. 75(5): 1056-1070. 

Charoenseang, June and Pornkamol Manakit (2007). Thai Monetary Policy 
Transmission in an Inflation Targeting Era. Journal of Asian Economics. 18: 
144-157. 

Christiano, Lawrence J. and Wouter J. den Haan (1996). Small-Sample Properties of 
GMM for Business-Cycle Analysis. Journal Business and Economic Statistics. 
14(3): 309-327. 

Clarida, Richard. Jordi Gali and Mark Gertler (2001). Optimal Monetary Policy in Open 
versus Closed Economies: An Integrated Approach. American Economic 
Review. 91(2): 248-252. 

Clarida, Richard. Jordi Gali and Mark Gertler (2000). Monetary Policy Rules and 
Macroeconomic Stability: Evidence and Some Theory. the Quarterly Journal 
of Economics. 115(1): 147-180. 

Clarida, Richard. Jordi Gali and Mark Gertler (1998). Monetary Policy Rule in Practice: 
Some International Evidence. European Economic Review. 42: 1033-1067. 

Clark, Todd E. (1996). Small-Sample Properties of Estimators of Nonlinear Model of 
Covariance Structure. Journal Business and Economic Statistics. 14(3): 367-
373. 

Cone, Thomas E. (2005). Learnability and Transparency with Time Inconsistent 
Monetary Policy. Economic Letters. 87: 187-191. 

Cukierman, Alex (1979). Rational Expectation and the Role of Monetary Policy. 
Journal of Monetary Economics. 5: 213-229. 

DeCoster, G. P. and D. W. Mitchwell (1992). Dynamic Implications of Chaotic 
Monetary Policy. Journal of Macroeconomics. 14(2): 267-87.  

DeCoster, G. P. and D. W. Mitchwell (1991). Nonlinear Monetary Dynamics. Journal of 
Business and Economic Statistics 9(4): 455-461.  

De Jong, Robert M., Christine Amsler and Peter Schmidt (2007). a Robust Version of 
the KPSS Test Based on Indicators. Journal of Econometrics. 137: 311-333. 

Devany, R. L. (1992). A First course in Chaotic Dynamical System: Theory and 
Experiment. Addison-Wesely. Menlo Park California.  

Devany, R. L. (1989). An Introduction to Chaotic Dynamical System. 2nd edition. 
Addison-Wesely. Menlo Park California.  

Dornbusch, Rudiger (1982). PPP Exchange Rate Rule and Macroeconomic Stability. 
Journal of Political Economy. 90(1): 158-165. 

Driffill, John (1988). Macroeconomic Policy Games With incomplete Information: A 
Survey. European Economic Review. 32: 533-541. 

Enthoven, Alain C. and Kenneth J. Arrow (1956). a Theorem of Expectations and the 
Stability of Equilibrium. Econometrica. 24(3): 288-293. 

Esanov, Akram, Christian Merkl and Lucio Vinhas de Souza (2005). Monetary Policy 
Rules for Russia. Journal of Comparative Economics. 33: 484-499. 

Filosa, Renato (2001). Monetary Policy Rules in some Mature Emerging Economies. 
Bank for International Settlements. No. 8: 39-68. 

Fischer, Stanley (1990). Rules Versus Discretion in Monetary Policy. Handbook of 
Monetary Economics. Volume II. Edited by: B. M. Friedman and F.H. Hahn. 
Chapter 21: 1155-1184. 



© C
OPYRIG

HT U
PM

82 
 

Fischer, Stanley (1977). Long Term Contracts. Rational Expectations. and the Optimum 
Money Supply Rule. Journal of Political Economics. February. 85: 191-205. 

Frenkel, Jacob A. (1983). Monetary Policy: Domestic Targets and International 
Constraints. American Economic Review. 72(2): 48-53. 

Friedman, Benjamin M. (1984). Lessons from the 1979-82 Monetary Policy Experiment. 
American Economic Association Papers and Proceeding. 74(2): 382-387. 

Friedman, Milton (1984). Lessons from the 1979-82 Monetary Policy Experiment. 
American Economic Association Papers and Proceeding. 74(2): 397-400. 

Friedman, Milton (1983). Monetary Variability: United States and Japan. Journal of 
Money Credit and Banking. 15(3): 339-343. 

Friedman, Milton (1982b). Reply; Monetary Policy: Theory and Practice. Journal of 
Money Credit and Banking. 14(3): 404-406. 

Friedman, Milton (1982a). Monetary Policy: Theory and Practice. Journal of Money 
Credit and Banking. 14(1): 98-118. 

Friedman, Milton (1968). the Role of Monetary Policy. American Economic Review. 
Vol.: LVII(1): 1-17. 

Friedman, Milton (1956). the Quantity Theory of Money: a Restatement. In Studies in 
Quantity Theory of Money. Edited by Milton Friedman. pages 3-21. Chicago: 
The University of Chicago Press. 

Friedman, Milton (1948). a Monetary and Fiscal Framework for Economic Stability. 
American Economic Review. Vol. XXXVIII(3): 245-264. 

Friedman, Milton and Anna Schwartz (1963). Monetary History of the United States. 
1867-1960. Princeton: Princeton University Press. 

Gallo, Giampaolo (1992). Chaotic Dynamics: Theory and Applications to Economics. 
Cambridge University Press. 

Gencay, Ramazan (1996). A Statistical Framework for Testing Chaotic Dynamics via 
Lyapunov Exponents. Physica D. 89: 261-66.  

Gerberding, Christiana. Franz Seitz and Andreas Worms (2005). How the Bundesbank 
Really Conduct Monetary Policy. North American Journal of Economics and 
Finance. 16: 277-292. 

Gonczy, Anne Marie L. (1992). Modern Money Mechanism. Chicago: Federal Reserve 
Bank of Chicago. 

Goodhart, C. A. E. (1989). Money Information and Uncertainty. Second Edition. 
London: Macmillan Press LTD. 

Gordon, Robert J. (1984). Supply Shocks and Monetary Policy Revisited. American 
Economic Association Papers and Proceeding. 74(2): 38-43.  

Grandmont, Jean-Michel (2008). Nonlinear Difference Equations. Bifurcations and 
Chaos: An Introduction. Research in Economics. 62: 122-177. 

Grandmont, Jean-Michel (2008). On Endogenous Competitive Business Cycles, 
Econometrica 53: 995-1045. 

Gray, JoAnna (1976). Wage Indexation: a Macroeconomic Approach. Journal of 
Monetary Economics. April. 2: 221-235. 

Hall, Alastair R. (2005). Generalized Method of Moments. Oxford University Press. 
Hall, S. G. (1986). Time inconsistency and Optimal Policy Formation in the Presence of 

Rational Expectations. Journal of Economic Dynamics and Control. 10: 323-
326. 

Hamilton, James D. (1994). Time Series Analysis. Princeton University Press. 



© C
OPYRIG

HT U
PM

83 
 

Hansen, Lars Peter (2007). Generalized Method of Moments Estimation. University of 
Chicago. 

Hansen, Lars Peter (1982). Large Sample Properties of Generalized Method of Moments 
Estimator. Econometrica. 50(4): 1029-1054. 

Hansen, Lars Peter. John Heaton and Amir Yaron (1996) Finite-Sample Properties of 
Some Alternative GMM Estimator. Journal of Business and Economic 
Statistics. 14(3): 262-280. 

Hansen, Lars Peter and Kenneth J. Singleton (1982). Generalized Instrumental Variables 
Estimation of Nonlinear Rational Expectations Models. Econometrica. 50(5): 
1269-1286. 

Ho, Corrinne and Robert N. McCauley (2003). Living with flexible exchange rates: 
issues and recent experience in inflation targeting emerging market economies. 
BIS Working Papers 130. Bank for International Settlements.  

Irland, Peter N. (1999). Does the Time Consistency Problem Explain the Behavior of 
Inflation in the United State?. Journal of Monetary Economics. 44: 279-291. 

Ishak-Kazim, Syurkani and Abdullahi D. Ahmed (2010). Inflation Expectations and 
Monetary Policy Rules: Findings from Indonesian Economy. Journal of 
Monetary Economics. VIII(1&2): 23-44. 

Johnston, Jack and John DiNardo (1997). Econometric Methods. Fourth Edition. 
McGraw-Hill Book Company.  

Kaas, Leo (1998). Stabilization Chaos in a Dynamic Macroeconomic Model. Journal of 
Economic Behavior and Organization 33: 313-332.  

Kerr, William and Robert G. King (1996). Limits on Interest Rate Rules in the IS model. 
Economic Quarterly- Federal Reserve bank of Richmond. 82(2): 47-75. 

Khoshakhlagh, Rahman, R. Dalali and Reza Moosavi Mohseni (2009). Analysis of the 
Effectiveness of Monetary Policy in Iranian Economy: A Financial CGE 
Model. Pajouheshname -e- Eghtesadi. 9(2): 47-70. 

Koot, Ronald S. and David A. Walker (1974). Rule versus discretion: an Analysis of 
Income Stability and the Money Supply. Journal of Money Credit and 
Banking. 6(2): 253-261. 

Kreps, David and Robert Wilson (1982a). Sequential Equilibria. Econometrica. July 52: 
863-894. 

Kreps, David and Robert Wilson (1982b). Reputation and Imperfect Information. 
Journal of Economic Theory. 27: 253-279. 

Kuttner, Kenneth N. and Adam S. Posen (2004). 
Tight: Taylor Rules and Japanese Monetary Policy. Economics and Finance. 
15: 53-74. 

Kwiatkowski, Denic. Peter C. B. Phillips. Peter Schmidt and Yongcheol Shin (1992). 
Testing the Null Hypothesis of Stationary Against the Alternative of a Unit 
Root: How sure are we that economic time series have a unit root?. Journal of 
Econometrics. 54: 159-178. 

Kydland, Finn E. and Edward C. Prescott (1977). Rules Rather than Discretion: the 
Inconsistency of Optimal Plans. Journal of Political Economy. 58(3): 473-491. 

Kyrtou, Catherine and Apostolos Serletis (2006). Univariate Tests for Nonlinear 
Structure. Journal of Macroeconomics 28: 154-168.  



© C
OPYRIG

HT U
PM

84 
 

Lee, Dongin and Peter Shmidt (1996). on the Power of the KPSS Test of Stationary 
Against Fractionally Integrated Alternatives. Journal of Econometrics. 73: 285-
302. 

Lohmann, Susanne (1992). Optimal Commitment in Monetary Policy: Credibility versus 
Flexibility. American Economic Review. 82(1): 273-286. 

Lucas, Robert E. Jr. (1976). Econometric Policy Evaluation: A Critique. Carnegie-
Rochester Conference Series on Public Policy. 1: 19-46. 

Mariano, Roberto S. and Delano P. Villanueva (2005). Monetary Policy Approaches and 
Implementation in Asia: the Philippine and Indonesia. Bank for International 
Settlements. No. 31: 207-226. 

May, Robert M. (1976). Simple Mathematical Models with very Complicated 
Dynamics. Nature. 261: 459-67.  

McCallum, Bennett T. (2001). Should Monetary Policy Respond Strongly to Output 
Gap?. American Economic Review. 91(2): 258-262. 

McCallum, Bennett T. (1993). Discretion versus Policy Rule in Practice: two critical 
points (a Comment). Carnegie-Rochester Conference Series on Public Policy. 
39: 215-220. 

McCallum, Bennett T. (1988). Robustness Properties of a Rule for Monetary Policy. 
Carnegie-Rochester Conference Series on Public Policy. 29: 173-204.  

McCallum, Bennett T. (1984). Monetarist Rule in the Light of Recent Experience. 
American Economic Association Papers and Proceeding. 74(2): 388-391. 

Meyer, Laurence H., Eric T. Swanson. and Volker W. Wieland (2001). NAIRU 
Uncertainty and Nonlinear Rules. American Economic Review. 91(2): 226-231. 

Michener, Ronald and B. Ravikumar (1998). Chaotic Dynamics in a Cash in Advance 
Economy. Journal of Economic Dynamics and Control. 22: 1117-1137. 

Mohantly, M. S. and Marc Kalu (2004). Monetary Policy Rule in Emerging Market 
Economies: Issue and Evidence. Working Paper: Bank for International 
Settlements. No. 147. 

Moura, Marcelo L. and Alexandre de Carvalho (2010). What Can Taylor Rule Say 
About Monetary Policy in Latin America?. Journal of Macroeconomics. 32: 
392-404. 

Muth, John F. (1961). Rational Expectations and the Theory of Price Movements. 
Econometrica. 29(3): 315-335. 

Newey, Whitney K. (1985). Generalized Method of Moment Specification Testing. 
Journal of Econometrics. 29: 229-256. 

Nerlove, Marc (1958). Adaptive Expectations and Cobweb Phenomena. Quarterly 
Journal of Economics. 72(2): 227-240. 

Nychka, Douglas, D. McCaffrey and A. R. Gallant (1992). Finding Chaos in Noisy 
System. Journal of Royal Statistical Society. 54(2): 399-426.  

Olsen, Kjetil, Jan Feredrik Qvigstad and Oistein Roisland (2002). Monetary Policy Rule 
in Real Time: the Role of Simple Rule. Bank for International Settlements. No. 
19: 368-382. 

Orphanides, Athanasions (2003). Historical Monetary Policy Analysis and the Taylor 
Rule. Journal of Monetary Economics. 50: 983-1022. 

Orphanides, Athanasions (2001). Monetary Policy Rules Based on Real Time Data. 
American Economic Review. 91 (4): 964-985. 



© C
OPYRIG

HT U
PM

85 
 

Park, Joon Y. and Yoon Jae Whang (2012). Random Walk or Chaos: A Formal test on 
the Lyapunove Exponent. Journal of Econometrics. 169: 61-74.  

Peersman, Gert and Frank Smets (1999). the Taylor Rule: A Useful Monetary Policy 
Benchmark for the Euro Area. International Finance. 2(1): 85-116. 

Ramsey, James B., C. L. Sayers and Philip Rothman (1990). The Statistical Properties of 
Dimension Calculations Using Small Data Sets: Some Economic applications. 
International economic Review. 31(4): 991-1020. 

Resende, Marcelo and Rodrigo M. Zeidan (2008). Expectations and Chaotic Dynamics: 
Empirical Evidence on Exchange Rates. Economic Letters. 99: 33-35.  

Rogoff, Kenneth. (1985). the Optimal Degree of Commitment to an Intermediate 
Monetary Target. Quarterly Journal of Economics. 1169-1189. 

Rogoff, Kenneth. (1985). Can International Monetary Policy Cooperation Be 
Counterproductive?. Journal of International Economics. 18: 199-217. 

Romer, David (1998). A New Assessment of Openness and Inflation: Reply. The 
Quarterly Journal of Economics. CXIII: 649-652. 

Romer, David (1993). Openness and Inflation: Theory and Evidence. The Quarterly 
Journal of Economics. CVIII(4): 869-903. 

Rudd, Paul A. (2000). an Introduction to Classical Econometric Theory. Oxford 
University Press. 

Rudebusch, Glenn D. and Lars E. O. Sevensson (1999). Policy Rules For Inflation 
Targeting. in Monetary Policy Rules. Ed. By J. Taylor. the University of 
Chicago Press. 

Ruelle, David and Floris Takens (1971). on the Nature of Turbulence. Commun. Math. 
Phys. 20: 167-192. 

Sargent, Thomas J. and Neil Wallace (1976). Rational Expectation and the Theory of 
Economic Policy. Journal of Monetary Economics. 2: 169-183. 

Sargent, Thomas J. and Neil Wallace (1975). Rational Expectation. the Optimal 
Monetary Instrument. and the Optimal Money Supply Rule. Journal of 
Political Economy. 83(2): 241-254. 

Sargent, T. J. (1973). Rational Expectation. the Real Rate of Interest and the Natural 
Rate of Unemployment. Brookings Papers on Economic Activity 2: 429-472. 

Scheinkman, Jose A. (1990). Nonlinearities in Economic Dynamics. the Economic 
Journal. 100: 33-48.  

Serletis, Apostolos (2006). Money and the Economy. NJ: World Scientific Publishing 
Company. 

Serletis, Apostolos (2006). Is there Chaos in Economic Time Series?. Canadian Journal 
of Economics. XXIX (Special Issue): 210-212. 

Serletis, Apostolos and Mototsugu Shintani (2006). Chaotic Monetary Dynamics with 
Confidence. Journal of Macroeconomics 28: 228-252.  

Shin, Yongcheol and Peter Schmidt (1992). the KPSS Stationary Test as a Unit Root. 
Economics Letters. 38: 387-392. 

Shintani, Mototsugu and Oliver Linton (2003). Is there Chaos in the World Economy? A 
Nonparametric test using Consistent Standard Errors. International Economic 
Review 44(1): 331-358. 

Shone, Ronald (2002). Economic Dynamics, 2nd edition. Cambridge: Cambridge 
University Press. 



© C
OPYRIG

HT U
PM

86 
 

Simons, Henry S. (1936). Rules versus Authorities in Monetary Policy. Journal of 
Political Economy. Vol. XLIV(Feb.): 1-30. 

Smale, Steven (1967). Differentiable Dynamical Systems. The Bulletine of the American 
Mathematical Society 74: 747-817. 

Stock, James H. and Jomathan H. Wright (2000). GMM with Weak Identification. 
Econometrica. 68(5): 1055-1096. 

Svensson, Lars E. O. (1999b). Price-Level Targeting versus Inflation Targeting: A Free 
Lunch?. Journal of Money Credit and Banking. 31(3): 277-295. 

Svensson, Lars E. O. (1999a). Inflation Targeting as a Monetary Policy Rule. Journal of 
Monetary economics. 43: 607-654. 

Terra, Cristiana T. (1998). Openness and Inflation: A New assessment. The Quarterly 
Journal of Economics. CXIII: 641-648. 

Taylor, John B. (2010). Simple and Robust Rules for Monetary Policy. National Bureau 
of Economic Research. Working Paper 15908. 

Taylor, John B. (2000). Using Monetary Policy Rule in Emerging Market Economies. 
Presented at the 75th anniversary Conference. Stabilization and Monetary 
Policy Experience. 14-15 November. at the Bank of Mexico.  

Taylor, John B. (1999c). The Robustness and Efficiency of Monetary Policy Rules as 
Guidelines for Interest Rate Setting by The European Central Bank. Journal 
Monetary Economics. 43: 655-679. 

Taylor, John B. (1999b). Monetary Policy Rules. the University of Chicago Press. 
Taylor, John B. (1999a). a Historical Analysis of Monetary Policy Rule. in Monetary 

Policy Rules. Ed. By Taylor. the University of Chicago Press. 
Taylor, John B. (1993). Discretion versus Policy Rule in Practice. Carnegie-Rochester 

Conference Series on Public Policy. 39: 195-214. 
Taylor, John B. (1984). Recent Change in Macro Policy and Its Effect: Some Time 

Series Evidence. American Economic Association Papers and Proceeding. 
74(2): 206-210. 

Taylor, John B. (1983). Comments: Rules. Discretion and Reputation in a Model of 
Monetary Policy by Robert J. Barro and David B. Gordon. Journal of 
Monetary Economics. 12: 123-125. 

Taylor, John B. (1981). Stabilization. Accommodation. and Monetary Rule. American 
Economic Association Papers and Proceeding. 70(2): 145-149. 

Taylor, John B. (1975). Monetary Policy during a Transition to Rational Expectation. 
Journal of Political Economy. 83(5): 1009-1021. 

Tobin, James (1983). Monetary Policy: Rules. Targets and Shocks. Money Credit and 
Banking. 15(4): 506-518. 

Torben, G. Andersen and Bent E. Sorensen (1996). GMM Estimation of a Stochastic 
Volatility Model: A Mont Carlo Study. Journal Business and Economic 
Statistics. 14(3): 328-352. 

Torre, V. (1977). Existence of Limit Cycles and Control in Complete Keynesian 
Systems by Theory of Bifurcations. Econometrica. 45: 1457-1466. 

Turnovsky, Stephen J. (2000). Methods of Macroeconomic Dynamics. 2nd Edition. 
Cambridge. Massachusetts: The MIT Press. 

Vald, Sorin (2010). Investigation of Chaotic Behavior in Euro-Leu Exchange Rate. 
Journal of Computer Science and Mathematics. 8(4): 67-71. 



© C
OPYRIG

HT U
PM

87 
 

Walsh, Carl E (2003). Monetary Theory and Policy. Second Edition. Cambridge. 
Massachusetts: The MIT Press.  

Willson, H. B. and D. A. Rand (1993). Detecting Chaos in a Noisy Time Series. 
Proceedings: Biological Sciences. 253(1338): 239-244. 

Woodford, Michael (2001). the Taylor Rule and Optimal Monetary Policy. American 
Economic Review. Paper and Proceeding. 91(2): 232-237.  

Wooldridge, Jeffrey M. (2001). Applications of Generalized Method of Moments 
Estimation. Journal of Economic Perspectives. 15(4): 87-100. 

Wooldridge, Jeffrey M. (2000). Introductory Econometrics: A Modern Approach. 
Cincinnati. Ohio: South Western. 

Yousefpoor, P., M. S. Esfahani and H. Nojumi (2008). Looking for Systematic 
Approach to Select Chaos Tests. Applied Mathematics and Computation. 198: 
73-91. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	MATHEMATICAL ANALYSIS OF CHAOTIC BEHAVIORIN MONETARY POLICY RULES
	Abstract
	TABLE OF CONTENTS
	CHAPTER 1
	REFERENCES



