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宏观经济中的时间序列数据大多数为非平稳的单位根过程，标准协整理论和方法因此而得到快速发展并成为现代经济时间序列数据研究的最常用方法。在标准协整框架下，协整向量刻画了变量之间的长期均衡关系，误差校正模型描述了协整变量的短期关系及其调节效应，因此，协整向量和误差校正模型互为补充，联合描述了变量的长期关系和短期变化。Granger正是对这一理论所作出的原创性贡献而获得2003年诺贝尔经济学奖。但是，标准协整理论至少包含三个严格假定：第一，长期均衡是线性的；第二，向长期均衡的调节是对称的；第三，向长期均衡的调节速度是不变的。然而，现实经济中变量之间的相互关系常常具有非线性特征，一旦使用标准协整方法分析具有非线性特征的经济变量之间的关系，得出的结论很可能是错误的。阈值协整正是针对上述标准协整理论的缺陷而进行的扩展，它将非平稳和非线性结合起来，研究实际经济问题中的非线性问题，因而，阈值协整理论得到西方学者的青睐并成为国际计量经济学的前沿热点领域之一。本文基于实际经济背景和现实数据的特征，特别是我国宏观经济结构的动态变化特征，针对现有阈值协整理论文献的不足进行扩展和改进，并应用相关方法实证研究我国重要的现实经济问题。
阈值协整的基本思想是在标准协整框架下，引入TR(STR)模型去刻画非线性和非对称的调节效应以及非线性的长期协整关系。但是，由于阈值协整是最近才产生的计量经济学前沿热点领域，其理论和方法论的特有困难，导致这一领域尚有许多问题急待完善和发展。本文针对现有文献中有待研究的问题和实际经济研究的需要，扩展和改进现有的非线性阈值协整的设定、估计和检验方法。本文的理论和方法论贡献主要体现在以下四个方面：（1）将Kapetanios,Shin(2004)的转移函数和对应的阈值协整向量由已知扩展为未知，进而给出估计阈值协整向量的方法并提出了检验（确定）转移函数形式的检验统计量。Kapetanios,Shin(2004)在协整向量已知条件下，将平滑机制转移应用到阈值协整中，即在误差校正模型中，刻画非对称调节的机制转移函数为预先设定的指数函数。本文对此的扩展为：将转移函数和阈值协整向量由已知扩展为未知。基于这一扩展，本文设定相应估计、检验程序，估计阈值协整向量，检验阈值协整和转移函数具体形式，进而设计并实现仿真实验，实验结果表明本文构造的阈值协整检验统计量具有优良的有限样本性质。（2）将Hansen,Seo(2002)的两机制ECM扩展为光滑转移的ECM，给出了相应的估计和检验阈值协整向量的方法。Hansen, Seo(2002)在阈值协整向量未知条件下，在ECM中使用TR模型刻画非线性调节效应，因此，这种模型设定刻画的调节效应是急剧变化的，这与许多实际经济背景不一致。本文在协整向量和转移函数未知条件下，使用STR模型描述非线性调节效应，由此而刻画的调节效应是连续的，刻画调节效应的转移函数是未知的。进一步，本文构造了相应的检验程序和估计方法对这一扩展模型进行估计和检验，仿真实验显示，本文的方法估计得到的阈值协整向量具有一致性，构造的阈值协整检验统计量具有较好的有限样本性质。（3）使用完全修正的最小二乘法扩展和改进Choi, Saikkonen(2004，2005)使用动态最小二乘法估计和检验阈值协整，仿真结果表明，本文的估计和检验方法，具有更好的有限样本性质。Choi, Saikkonen(2004)在解释变量内生、协整向量具有阈值机制转移的STR模型中，基于动态非线性最小二乘法（DNLS）的估计结果构造统计量，检验协整向量的阈值非线性转换。Choi, Saikkonen(2005)在以上文献基础上做了进一步研究：当协整向量具有非线性机制转移时，他们提出使用动态非线性最小二乘法（DNLS）估计阈值协整向量并进而基于DNLS估计的残差，使用Bonferroni分块方法计算KPSS统计量检验阈值协整。若阈值协整存在，DNLS估计结果即为阈值协整向量的一致估计。本文发现，使用DNLS估计的阈值协整向量存在有限样本偏误，这种偏误进而影响检验统计量的有限样本性质。本文系统解析了导致这一偏误的原因，并进而将上述基于DNLS的一系列估计、检验方法扩展为基于完全修正的最小二乘法（FMOLS）。我们推导了相应的基于FMOLS的估计量和检验统计量的极限分布，发现其极限分布为混合正态分布，且不依赖未知参数。本文还使用仿真实验比较了有限样本条件下DNLS和FMOLS估计量的分布，比较了基于DNLS和FMOLS估计结果构造检验统计量的有限样本性质。结果表明，本文所提出的估计和检验方法，具有更好的有限样本性质。（4）将时间序列的阈值协整扩展至面板数据并给出了相应的估计和检验方法。本文将阈值协整扩展至非平稳的面板数据上，使用TR模型刻画异质面板协整向量，并基于Westerlund, Edgerton(2005)的思想构造检验面板阈值协整的统计量。本文的数学推导表明，面板阈值协整检验统计量的极限分布为正态分布，并不依赖未知参数，进一步，本文仿真实验发现，阈值面板协整统计量有较好的有限样本性质。

上述研究主要成果有：①《数量经济技术经济研究》，文章名为《非线性平滑转移误差校正模型中的阈值协整检验——基于协整向量未知的扩展》，2009,1；②《统计研究》(收到录用通知，预计2009年12月发表)，文章名为《协整向量平滑转移回归模型的线性检验》，该文获2009年中国数量经济学会优秀论文一等奖,2009.3。
本文使用非线性阈值协整和面板协整的方法对我国若干实际经济问题进行了实证研究，主要内容可以概述为：（1）本文针对我国货币政策实际操作的特点而建立阈值协整模型，从而基于我国的背景改进和检验了泰勒规则的设定，估计和检验的结果揭示了我国货币政策的非对称调整、相机决策和逆经济周期等特点。其中有关货币政策操作的结论和建议已经由我国近期货币政策由适度从紧转向适度宽松所证实。（2）本文针对我国通胀和产出缺口数据的动态变化特征，首次应用阈值协整，研究菲利普斯曲线在我国经济周期的不同阶段的机制转移。本文估计和检验结果以及政策含义为：我国货币政策操作效果在不同经济周期阶段具有非对称性；菲利普斯曲线基于产出缺口的变化而光滑转移的特征说明，即使在经济周期的同一阶段，但在不同时点上，货币政策的操作力度和效果也应随产出缺口的变化而有所不同。（3）本文首次使用面板协整模型，分析我国发达地区和欠发达地区的农民收入、药品和医疗服务价格对农民医疗卫生支出的长期影响以及短期动态调节。本文研究的结论表明，农村地区药品价格和医疗服务价格的上涨抑制了农民医疗卫生支出，农民收入的增加刺激了农民医疗卫生支出；长期均衡关系对农民的卫生支出和收入水平短期增加有抑制作用，而对药品价格和医疗保健服务价格的短期增加有促进作用，并且具有地区差异。这一结论基本准确地刻画了农民收入、药品和医疗服务价格对农民医疗卫生支出的长期以及短期效应，因而对制定我国现阶段的新型农村医疗卫生体制改革的政策措施，具有显著的现实意义。（4）最后，作为较完整的专题分析，本文使用阈值协整和面板数据机制转移协整对我国城乡收入差距与经济增长的关系进行研究。我们首先基于我国城乡二元经济结构的特征，修正并定义度量我国城乡收入差距的泰尔指数，度量结果表明，本文定义的泰尔指数更适合度量我国的城乡收入差距。进一步，本文根据我国城乡收入差距和经济增长的数据变化特征以及我国的实际经济结构转型背景，分别设定能够反映城乡收入差距对经济增长的效应因收入差距水平和经济发展阶段的不同而有机制变化特征的面板协整模型和阈值协整模型。模型估计结果表明：我国的城乡收入差距与经济增长之间存在非线性协整关系: 城乡收入差距对经济增长的长期效应取决于城乡收入差距水平和经济发展阶段,并有地区差异。这一结论说明，改革初期的城乡收入差距促进了经济增长,而现阶段城乡收入差距的扩大对经济增长产生阻滞作用。并且,这种长期效应抑制了短期经济增长并对城乡收入差距的扩大产生刺激效应。

应用研究主要成果有：①《经济研究》，文章名为《我国城乡收入差距的度量及其对经济增长的效应》, 2007,10；②《经济研究》，文章名为《我国货币政策对通胀与产出的非对称反应》, 2009,9；③《中国社会科学》，文章名为《我国城乡收入差距对经济增长的阈值效应》，2008,2；④ 《Social Sciences in China》，文章名为《The Threshold Effect of Rural-urban Income Disparity to Real Economic Growth》, 2008, 3；⑤《数量经济技术经济研究》，文章名为《我国经济周期中菲利普斯曲线机制转移的阀值协整研究》, 2007, 11；⑥《世界经济》，文章名为《农民医疗卫生支出影响因素的综列协整分析》, 2007, 9； ⑦《统计研究》，文章名为《我国利率的非线性动态调节及其货币政策效果》, 2009, 4.
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Threshold Cointegration and Applications to Chinese Economy 

Ouyang Zhigang
ABSTRACT
In macroeconomic, most of time series data are unit root process. Therefore，the theory of cointegration has undergone considerable development and various econometric and statistical methods have been developed and accepted for the analysis of cointegrated time series, many of which are now routinely applied in empirical studies. Under the standard cointegration frame, cointegration vector characterizes the long-run equilibrium relationship, and the ECM characterizes the short-run variety and adjustment effect. So the cointegration vector and ECM are supplementing each other. Granger gained Nobel Prize of economics in 2003 for his contribution to cointegration. However, standard cointegration theory has at least three strong assumptions as follow: (1) the long-run equilibrium is linear; (2) the adjustment toward the equilibrium is symmetric; (3)the equilibrium correction is a constant proportion of the previous equilibrium error. These indicate that the cointegration relationship and adjustment effect of standard cointegration are linear, but which maybe not the truth according to economic theory and actual economic status quo. Once ignoring nonlinear of actual, the research conclusions maybe become not correct because of the nonlinear nature of economic variables in actual economic life. Threshold cointegration expends standard cointegration with nonlinear to remedy the defects of standard cointegration. The goal of threshold cointegration is to study the nonlinearity and nonstationarity in economics. Therefore, threshold cointegration became the central part of modern time series econometrics. Based on the actual economy background, especially dynamics change of China’s economic structural, this paper extends the existing defects of threshold cointegration, and studies some prominent issues of china’s economy. 
   The basic idea of threshold cointegration is using the TR (or STR) model to depict the long-run nonlinear equilibrium and short-run nonlinear, asymmetrical adjustment effect in cointegration frame. But threshold cointegration is an advanced econometrics theory developed recently, there are a lot of problems need to be solved and developed because of the difficulty of theory and method. This paper expands and ameliorates the model specification, estimate and test of existing threshold cointegration so that the improved threshold cointegration in this paper can be use to explain the actual economic phenomena much better than before. The most contributions of this paper in theory are as follows: (1) This paper extends Kapetanios,Shin’s(2004) known transition function and threshold cointegration vector using unknown transition function and threshold cointegration vector, develops estimating method for threshold cointegration vector and proposes statistics for testing transition function.Under the restriction of known cointegration vector, Kapetanios, Shin (2004) used exponential function to describe nonlinear adjustment effect in ECM. In this paper, we describe nonlinear adjustment effect in ECM with unknown transition function and assume those cointegration vectors are unknown. Based on such betterments, this paper develops estimate technique and tests procedures to estimate cointegration vectors, tests threshold cointegration and transition function. The Monte Carlo simulation result shows its wonderful finite-sample properties. (2)This paper extends Hansen,Seo’s(2002) two regime switch ECM using smooth regime switch ECM, proposes corresponding methods to estimate and test threshold cointegration vector.Under the condition of unknown threshold cointegration vector, Hansen, Seo(2002) characterized nonlinear adjustment effect with two-regime TR model in ECM. Therefore, the adjustment effects changed sharply which is not fit for many actual economic phenomena. This paper develops an ECM to characterize nonlinear adjustment effect in which the threshold cointegration vector and smooth transition function are unknown. So the adjustment effect is continuous and the transition functions are unknown in developed EMC. Furthermore, we propose the test procedures and the estimation methods to test and estimate threshold cointegration vector and adjustment effect of the ECM. The simulation result shows that estimated parameters are consistent and test statistic have good finite-sample properties. (3) To estimate and test threshold cointegration, this paper applies FMOLS  instead of Choi, Saikkonens’s(2004，2005) DNLS. The simulation shows that the estimate results of FMOLS have better finite-sample properties. Choi, Saikkonen(2004) followed the common practice in threshold cointegration and permitted both serial and contemporaneous correlations between the regressions and the error term of the model. In order to allow for this feature, they estimated the model with DNLS and proposed LM statistic to test nonlinearity of threshold cointegration vector. Furthermore when the test results showed that the model was nonlinear, Choi,Saikkonen(2005) proposed DNLS to estimate cointegration vector and calculated the KPSS statistical by sub samples of the DNLS residuals to test threshold cointegration in their further study. They also found if there is threshold cointegration, the estimate result of threshold cointegration is consistency. The paper finds that the result of DNLS has biased error under finite sample and analyzes the reasons systematically. We extend Choi, Saikkonen’s(2004,2005) testing and estimating methods with fully modify OLS. The mathematical proof and simulation shows that the limiting distribution of test statistics developed by this paper is normal distribution and doesn’t depend on nuisance parameters. Comparing the results of DNLS with the results of fully modify OLS by the Monte Carlo simulation, we find that the estimate results of fully modify OLS are better than that of Choi,Saikkonen (2004, 2005) under small-sample. (4) We extend threshold cointegration which defined time series data to panel data, propose corresponding estimate and test methods. We extend threshold cointegration to non-stationary panel data and use TR model to characterize panel cointegration vector. On the basis of Westerlund, Edgerton’s (2005) idea, we develop panel threshold cointegration test statistic, derive the limiting distribution of our statistic and find the limiting distribution is normal distribution and doesn’t depend on nuisance parameters. Furthermore, the Monte Carlo simulation result shows panel threshold cointegration statistic has good finite-sample properties.
Major achievements are published by: ① the Journal of Quantitative & Technical Economics, the paper name is “Testing for Threshold Cointegration in Nonlinear Smooth Transition Error Correction Models”, 2009.1. ②Journal of Statistical Research, the paper name is “Testing Linearity in Cointegrating Smooth Transition Regressions”, 2009.12, the paper also won the first award of outstanding paper of Chinese Association of Quantitative Economics.
This paper studies some prominent issues of china’s economy using nonlinear cointegration and panel data cointegration, they are can be summarized as fellow: (1) On the base of the character of monetary policy operation, this paper set threshold cointegration model to study Taylor rule, therefore, we improve and test Taylor rule on the bases of China’s background. The results show that the monetary policy of center bank obeys Taylor rule and has the asymmetrical，anti-business cycle and discretionary character. The conclusions and suggestions about monetary policy operation in the paper are approved by recent monetary police which has transformed from moderately tight to moderately easy. (2) On the bases of dynamic change character of inflation and out gap in china, this paper studies the regime switch of Phillips Curve in business cycle. We find the effects of monetary policy have asymmetry on the different stage in business cycle. The smooth transition character of Phillips Curve which depends on output gap indicates that even if at the same stage of business cycle, the monetary policy operation and its effect will be different because of the different output gap. (3)This paper applies panel cointegration to analyze the long run equilibrium relationship and short run dynamic adjustment effect of farmer’s income, health care service price, drug price to expending on health care of farmer in developed and under-developed rural regions in China. The results indicate that the increasing of drug price and health care service price decrease the farmer’s expending on health care, but on the contrary, the farmer’s income increase the expending on health care. Long run equilibrium relationship depresses the farmer’s income and expending on health care, but stimulates the health care service price and drug price in short run. The long run effect and short run effect are different between developed and under-developed rural regions. Those concludes exactly describe the relationship among farmer’s income, health care service price, drug price and expending on health care of farmer, therefore, they have notable significance to the reform of the new rural health and medical system. (4)Lastly, this paper studies the effect of the urban-rural income disparity to actual economic growth with regime switch panel data cointegration and threshold cointegration in China. We firstly define and calculate the Theil index which measures the urban rural income disparity. The results of measurement show that Theil index is better than other index in measurement urban rural income disparity. Furthermore, this paper specifies a regime switch panel cointegration model and threshold cointegration model with respect to the Chinese situation of rural-urban income disparity and economic restructure transforming based on the dual structure in urban and rural economy. The estimated results indicate that there are nonlinear cointegartion relationships between the rural-urban income disparity and economic growth which depend on the level of rural-urban income disparity and the economic stage. Such result implies that the effect of rural-urban income disparity impacting on economic growth is positive at the beginning of Chinese reform. However, the effect is negative at present. Estimated PVECM indicates that the long-run effects of the disparity depress the economic growth and stimulate the disparity in short run. 

Major achievements are published by: ①Economic Research, the paper name is “The Rural-urban Income Disparity and Its Effects to Economic Growth in the case of China”, 2007.10; ②Economic Research, the paper name is “The Asymmetric Reaction of Monetary Policy to Inflation and Real GDP in China”, 2009.9. ③Social Sciences in China(Chinese version), the paper name is “The Threshold Effect of Rural-urban Income Disparity to Real Economic Growth in China”, 2008.2；④Social Sciences in China (English version), the paper name is “The threshold effect of the urban-rural income disparity on real economic growth in China

”, 2008.3. ⑤the Journal of Quantitative & Technical Economics, the paper name is “A Nonlinear Threshold Cointegration Analysis on China’s Phillips Curve in Business Cycle”, 2007.11.⑥the Journal of World Economy, the paper name is “A Panel Cointegration Analysis of the Factors That Effect the Farmer’s Expending on Health Care”, 2007.9. ⑦Journal of Statistical Research, the paper name is “The Dynamic Nonlinear Adjustment of Interest Rate and Its Monetary Policy Effect in China”, 2009.4. 
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