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Abstract: This study applies the Non-linear Predictive Control Model to analyze theoretically the mechanism between debt and the real economy, as reflected in the pace of investment. The results show that debt drives the economy when the debt level is relatively low. However, financial stress increases as debt increases. When debt reaches a “threshold” level, a “financial drag effect” tends to occur, followed by an economic downturn and perhaps even a financial crisis. Government intervention is shown to not be an effective counter-measure, implying that a policy of quantitative easing cannot prevent the real economy from declining. Government should focus on promoting deleveraging and providing investment stimulus plans by restructuring assets and expanding the equity market.      
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1. Introduction
Arguably, the first study focusing on the association between the financial system and macroeconomic phenomena is attributable to Fisher (1933). The analysis by Fisher (1933) introduces the debt-deflation theory, which states that when the economy is booming, firms tend to more aggressively pursue profits by more actively issuing debt and thereby carrying potentially “excessive” liabilities, thus putting themselves at risk once the economy turns bad due to any unexpected shocks. To survive, those over-borrowing firms have to cut prices to clear up inventories, which then leads to a diminished level of profits, the devaluation of assets, and subsequent further increases in debt. Meanwhile, banks tend to be more cautious and thus not to make credit so readily available. An economic downturn ensues thereafter. Keynes (1936) demonstrates the impact of the financial market on economy from the perspective of firms’ overall insufficient demand, that leads to an increased unemployment rate, the falling of market prices for both workers and products, and an increased tightness in credit markets, making it all the more difficult to secure loans to relieve existing debt. However, traditional Keynesian Economics, such as that reflected in the multiplier-accelerator interaction theory, merely treats financial institutions as financial intermediaries. Debt structure and other major influences of financial institutions are ignored, resulting in Keynesian economics theory being simply a hypothetical one and unable to explain the fluctuations of the modern economy and market volatility (Minsky, 1986). Indeed, beginning with Minsky (1957) and then continuing with Minsky (1978, 1982, 1986) the “financial instability hypothesis” is developed. In particular, the financial instability hypothesis shows that the financial system can transition from stability to instability because periods of economic prosperity can encourage both borrowers and lenders to be progressively reckless. During period of prosperity, an excess of optimism first creates financial bubbles and subsequently leads to economic busts. Based on the classic Multiple-Accelerator Model, Minsky (1957) explores the mechanism for the financial instability phenomenon. However, the model describing the mechanism for the impact of debt on the real economy does not function well due to the inherent problems in the Multiple-Accelerator Model such that it is a linear model and that it assumes that actual deposits indicate potential investment (Keen, 2013). Keen (1995) added debt due to investors’ optimism and income inequality to a limited-cycle model created by Goodwin (1967) and finds that a stable business cycle can evolve into economic chaos. After adding the influence of the government, the model predicts that the economic collapse that resulted from over-borrowing could have been avoided, an inference supporting Minsky’s belief regarding the inablility of the government to effectively prevent, or delay, the occurrence of the financial crisis. However, the lack of the optimization based on microeconomic data makes the above mentioned macroeconomic models less feasible. Based on the microeconomic view of the market, the ground breaking study of Bernanke et. al. (1999) applies the DSGE approach and establishes the financial accelerating model which connects finance with the real economy. Bernanke et al. (1999) find that the financial system does amplify the market. However, the DSGE approach is based on the log-linear method to find a unique stable solution. It can neither explain the significant deviation of the real economy from expectations (Kocherlakota, 2000), nor does it demonstrate the dynamic changes of debt (Mittnik and Semler, 2013), since the model can only partially amplify the results. Furthermore, Minsky (1982) shows that financial factors are not only amplifiers, but also the internal causes and main reasons for the macroeconomic fluctuations, whereas the financial accelerator model only considers financial factors as amplifiers for exogenous shocks.         
The global financial crisis in recent years has increased interest in the study of the association between the financial system and the real economy, especially on the interaction between public debt and the economy, as illustrated in de Lof and Malinen (2014), Panizza and Presbitero (2014), Checherita - Westphal and Rother (2012), Erdil and Yetkiner (2009) and Cebula (2014). Furthermore, it can be shown that private debt may also have a negative impact on the real economy. For instance, private debt can change the balance sheet as well as the asset value of private sector firms and eventually have an impact on the overall financial market. Therefore, private debt can potentially be as important as public debt in the study of the role of debt in the real economy (Puente-Ajovín & Sanso-Navarro, 2015). One series of studies in this field emphasizes the roles of financial intermediaries on the real economy. More specifically, when banks and other financial institutions’ balance sheets become troublesome due to liquidity concerns, those financial intermediaries have to deleverage, a process that in turn is followed by the falling of asset prices and increases in financial stress, with financial intermediaries becoming less willing to lend. Both firms and the real economy will be affected. In sum, this line of research places significant emphasis on the credit crunch due to the troubling banks and its impact on real economy, as reflected in the papers by Adrian et al. (2010), Gorton (2010), and Brunnermeier and Sannikov (2014). Another line of research places emphasis on the risk premium and credit spread resulting from the changes in financial stress. In this perspective, over-borrowing tends to result in increases in borrowing costs / interest rates, reductions in profits and investment, and ultimately, in the downturn of the real economy, as can be inferred from the studies by Mittnik and Semler (2013), Proaño et al. (2014), and Schleer and Semmler (2013). Most of those studies use either an infinite (Mittnik and Semler, 2013) or a limited (Schleer and Semmler, 2013) non-linear model to maximize the profits of the real economy in the search for the internal dynamic association between debt and the real economy. These studies conclude that when financial stress changes, there is a nonlinear relation between debt and the real economy.




Most of the relevant recent studies are based on nonlinear models. Using data of 16 industrial countries, Proaño et al. (2014) apply the dynamic threshold panel regression model and find that only when the financial stress is high, can debt negatively influence the real economy. Based on data of U.S. economy and five major countries of European Union, Mittnik and Semmler (2013) apply a nonlinear MRVAR model and find that when financial stress is low, the real economy is relatively stable in all cases except Spain. However, when financial stress is high, the real economy tends to be negatively affected. These studies are supportive of governments’ general practice of adopting unconventional monetary policy during a financial crisis. Schleer and Semmler (2013) undertook a similar study using VSTAR model. Other studies, such as Hubrich and Tetlow (2015), Van Roye (2014), Hollo et al. (2012), and Davig and Hakkio (2010), find similar results. Hennessy el al. (2007) demonstrates that, on the firm level, over-borrowing can lead to a “drag” effect on investment.
Over-borrowing and the real economy down-turn have become big concerns in recent years in China. Arguably, firms in China have borrowed too much. According to Interest Rate Observer Journal, from 2008 to 2013, debt for Chinese banks has increased by 15.1 trillion dollars, which is even higher than the amount of increases in debt carried by all U.S. banks, which is estimated to be 1.46 trillion dollars. Furthermore, total GDP of US is nearly 19 trillion dollars, which is roughly 25% of the world GDP, as compared with only 8.9 trillion dollars or 12.2% of world GDP for China. However, total assets of Chinese banks constitute of 33.1% of world GDP. On the other hand, even though the Chinese government has printed out trillions of RMB to “rescue” the economy, it is difficult for firms, especially small firms, to secure loans because of high borrowing costs. The common cash shortage problems as seen in Chinese firms have led to massive bankruptcies among small firms in China. Therefore, the financial stress on the firm level is high / severe. Meanwhile, as reported by the Chinese Statistics Bureau, from 2012 to 2013, the total investments for fixed assets have been falling among private firms, even though government owned enterprises have recovered from the earlier losses from investing in fixed assets. After 2012, both private firms and government owned firms have reduced investments in fixed assets, which is the believed to be the main reason for the slowdown of Chinese economy. Hence, the understanding of the mechanics and the interaction between investment and the financial factors is important, not only for now but also for the future economy. However, due to multiple reasons, there is no established literature on this issue. This study seeks to fill this gap in the literature. By using the Nonlinear Predictive Control Model (NPCM, hereafter), we explore the mechanism between debt and the real economy, and specifically, between debt and investment. We contribute to the literature in several ways. First, we establish a nonlinear model that is more suitable for China, in that Chinese economy is unique as compared with its peers. For instance, the Chinese economy is driven by investment with borrowed funds. Meanwhile, government spending is relatively high. We also consider investment as an endogenous factor. By doing so, we can establish a dynamic relationship between debt and investment under financial stress, in order to explore the changing role of debt in investment and the real economy. Second, it is generally believed that the government should intervene in the real economy during a period of financial crisis. However, the relevant studies in this line are not convincing. Keen (2013) studies the effectiveness of government involvement using Goodwin model, a model not useful for studies at the firm level. Mittnik and Semmler (2013) study the effectiveness of unconventional monetary policy during financial crisis only, so that its application is rather limited. Unlike prior studies, we maximize the performance of the real economy to investigate the effectiveness of government spending as a strategy to deal with the downturn of the real economy due to over-borrowing. Thirdly, we find that when financial stress is relatively low, debt has a positive effect on investment. However, an escalating debt tends to lead to financial stress on the rise. After reaching a threshold, debt cannot further increase investment. We believe this is the major reason for the economic slowdown in China in recent years. The government stimulus package involving elevated could not resolve the problem of the real economy caused by over-borrowing.











The structure of this study is, as follows. Section 2 provides the theoretical framework for the analysis. Section 3 presents the empirical analysis. The final section of the study provides a summary and policy suggestions.  
2.  Theoretical analysis
Mittnik and Semmler (2013), Brunnermeier and Sannikov (2014), Proaño et al. (2014), and Schleer and Semmler (2013) study the impact of financial stress on the economy. Those studies typically use investment as an exogenous variable. However, investment acts as a core instrument in China and is a determining factor for the occurrence of financial instability (Stockhammer and Michell, 2014). Therefore, we use investment as an endogenous variable in this study. On the other hand, Minsky (1957) and Keen (1995) believe that government intervention can help avoid an economic downturn caused by over-borrowing. Since government spending plays an important role in the Chinese economy, government spending is included in the model (Keynes, 1936). 



















The model is as follows.    
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 Equation (1) assumes that there is a planner. He chooses consumption,[image: image19.wmf]t
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Equation (2) describes changes in capital reserves, where 
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 represent increased capital from investment, increased capital from productive capital spending by government, and reduced capital reserves due to asset depreciation. 
Equation (3) describes changes in total debt, where 
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Equation (4) describes changes in government debt, i.e., the government budget deficit. 
Equation (5) describes the behavior of interest rates. According to Proaño et al. (2014) and Mittnik & Semmler (2013), market interest rates reflect the financial stress of the economy. The more borrowed by individuals, the higher is the risk premium. Therefore, the market interest rate is positively related to the leverage rate of the real economy. We also use arc tangent function as seen in the literature to stabilize the interest rate, which is extremely unstable due to the dynamic changes in debt. On the other hand, using this method can set up the lower and upper boundaries for interest rates, which are observable in reality (Mittnik and Semmler, 2013).
Equation (6) describes the investment behaviors. According to Keen (2013), investment is determined by the expected profits. The term [image: image27.wmf]1
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 (i.e., from year t-1) last year. According to Grüne et al. (2005), the net profit margin is described, as follows. 
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Following Schleer and Semmler (2013), and Keen (2013), we adopt the following equation for the investment ratio to make it within a reasonable range:  
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Equation (8) describes the non-linear positively related association between the rate of investment and net profit. Moreover, a variable for leverage rate is added to the equation to reflect the amplifying effect. More specifically, at high interest rates, any increases in debt can stimulate the real economy to increase investment. However, when firms generate losses, any increases in debt can reduce investment. The models above consider investment as an endogenous variable, so that it is possible to study the dynamic relation between debt and the real economy, or investment to be specific, under financial stress, based on the optimal decision making analysis approach. However, it is still difficult to find solutions via the dynamic planning method. Therefore, we use the NPCM method instead. NPCM method searches for solutions, makes adjustments, and continues until the best solution is obtained. This method was first introduced in the study of economic problems by Grüne and Pannek (2011). It uses an estimation procedure based on a short-term time horizon as a substitute for a finite prediction horizon and requires less information (Grüne et al., 2013). The numerical solution of the NPCM optimal control problems is typically based on direct optimal control methods using Newton-type optimization schemes. NPCM algorithms typically exploit the fact that consecutive optimal control problems are similar to each other. This allows one to initialize the Newton-type solution procedure efficiently using a suitably shifted estimation from the previously computed optimal solution. The similarity of subsequent problems is even further exploited by a path following algorithms (or "real-time iterations") that never attempt to iterate any optimization problem to convergence, but instead only take one iteration towards the solution of the most current NPCM problem, before proceeding to the next one, which is suitably initialized. The dynamic tracks of investment, debt, and the capital reserve are thereby identified. According to Proaño et al. (2014) and Mittnik & Semmler (2013), we set the initial values for the variables, as follows:
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   Figure 1: Capital, debt, and investment      Figure 2: Capital – Debt Ratio
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     Figure 3: Debt - Investment 
Based on Figure 1 and Figure 2, we reach a similar conclusion as in Proaño et al. (2014) and Schleer and Semmler (2013). Initially, the capital reserve and debt are positively related. When debt reaches the benchmark, the capital reserve starts to fall. Figure 3 shows the association between debt and investment for the stage when debt is at the benchmark. At this stage, as seen in Figure 3, investment falls with debt, indicating that over-borrowing can trigger first a higher interest rate, lower profit, more borrowing, and ultimately, a sudden drop in investment. The model describes the role of over-borrowing and financial stress on economic (investment) downturn. In particular, when the economy is recovering from the last financial crisis, the main economy tends to behave conservatively by borrowing less. Meanwhile, banks stay cautious in lending money. Thus, most of the investments in this stage are successful because all of the participants are careful. This then past success would encourage both firms and banks to subsequently act more aggressively / boldly, resulting in potential over-borrowing and over-investment. However, firms’ profits might not increase due to a larger scale of production. On the other hand, interest rates tend to increase at this period because of excessive debt, causing financing to become more costly for small firms. Firms’ profits drop even further. To survive, firms count on borrowing to pay off debts that are due. However, firms’ credits tend to fall with more debt, resulting in firms’ increased demand for debt and lower returns to investment.

The findings show that government intervention using fiscal policy could not prevent investment and productivity from falling. The possible explanation could be that the government intervention activities, such as government over-spending, could help firms to increase profits in the short run; however, it also encourages firms to borrow more to deal with the current difficulty, which could bring economic downturn to a greater extent since the government has its limitations in terms of tools to rescue the economy. The intervention by the Chinese government is a good example. During the last global financial crisis, the Chinese government spent 4 trillion RMB to save the economy from collapse. However, the results are not satisfactory in the long run, even though it seems to be working in the short run as seen from the strong recovery in investment. Indeed, many private firms filed for bankruptcy due to the cash shortage after a short term prosperity. 
In sum, government is recommended to take the following strategies. First, government should not adopt expansionary monetary policy that is expected to make money easier to borrow. Rather, government should take effective reverse cycle monetary policy. Secondly, government needs to find ways to deleverage. For instance, government can restructure assets, guide firms to invest in industries that are not troublesome, and provide supplementary capital funding to firms to help reduce debt. Lastly, delaying effective intervention tends to make the economy fall even further. Debt problems can eventually lead to investment failure as well as a productivity breakdown.  
3. Empirical analysis 
1) Econometrics model
Over-borrowing can lead to a downturn in the real economy. In particular, when the economy is recovering, the debt level is low and the market is optimistic. Therefore more borrowing tends to occur. This drives up investments as well as interest rates and the financial system deteriorates as it becomes unstable and fragile. Eventually, a “Financial Drag Effect” happens once the leverage ratio reaches the threshold (Fazzari et al., 2008; Hennessy et al., 2007). The fall of the economy is inevitable. China’s economic downturn in recent years is similar. On one hand, the intervention by the Chinese government in 2009 has prevented the dramatic downfall of the economy; on the other hand, the economy has become unstable as seen from the frequent failure of investments of small firms and the risker real estate market. Recently, the “China Debt Crisis”, a wave of debt defaults triggered by the economic slowdown and deflationary pressures, has been spreading among western media and institutions. Unfortunately, it is difficult to test the mechanism regarding the impact of debt on the real economy in China due to the following two reasons. First, we could not set up the model using the available macroeconomic data. Secondly, studies based on macroeconomics and industrial sectors tend to ignore the individual differences for the interaction between debt and the real economy (Sutherland & Hoeller, 2012). Accordingly, we refer to Hennessy et al. (2007) and establish the model at the firm level using panel data. For the interaction between debt and investment, we refer to Love and Zicchino (2006) and use the VAR model for the empirical analysis. We choose the panel auto-regression model which combines VAR model with panel data to correct the endogeneity problem and to control the unobservable individual effect. Furthermore, via the orthogonal impulse response function, we identify the impact of one specific shock by maintaining the impact of the other shocks unchanged.

The panel auto-regression model is, as follows.         
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is the error term (Love and Zicchino, 2006).  
2) Data and variable description
The data are collected from Guo Tai Jun An database, which stores financial information for all public firms in China. We focus on the period between 2002 and 2013 and take out financial firms from the sample. Further, due to the non-linear association between debt and the real economy, we break down the data into two groups based on firms’ debt holding level: the high debt holding group and low debt holding group. The final data set has 1,098 observations, among which, 556 (542) observations are classified as high (low) debt holding. We also winsorize the data at the 1% level. 
The descriptions of the variables are in Table I. 

     Table I        Variables Description  
	Variables
	Formula (Description)

	Investment ratio（
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）
	Current Term Total Investment ([image: image60.wmf]it
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)/ Last term net fixed asset (Kit-1)
Where, Current term total investment (
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	Sales ratio（
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）
	Current Term Sales 
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	Debt ratio (
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)
	Current term total debt 
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Table II and Table III report the univariate analysis.  
Table II          Univariate analysis of firms with low debt ratio  
	Variable
	Mean
	Standard Deviation
	Min
	Max
	Median

	Investment ratio(
[image: image66.wmf]it
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)
	0.303
	0.774
	-0.685
	5.792
	0.117

	Sales Ratio(
[image: image67.wmf]it

skb

)
	5.602
	14.294
	0.125
	126.668
	2.170

	Debt Ratio (
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)
	0.439
	0.196
	0.050
	1.922
	0.429


Table III         Univariate analysis of firms with high debt ratio  
	Investment ratio(
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)
	Mean
	Standard Deviation
	Min
	Max
	Median

	Sales Ratio(
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)
	0.291 
	0.815 
	-0.685 
	5.792 
	0.102 

	Debt Ratio (
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)
	9.553 
	21.358 
	0.125
	126.668 
	2.886 

	Investment ratio(
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)
	0.650 
	0.276
	0.050 
	1.922 
	0.623


(3) Coefficient Estimation and the Analysis of the impulse response function
Compared with the traditional VAR model, the panel VAR model introduces an individual firm effect fi, which must be eliminated before running the Panel VAR regression. Because the lagged dependent variable is added as one of the independent variables, there is a strong correlation between the explanatory variables and the individual effect. Therefore, the coefficient estimation tends to be biased using the traditional elimination method to get rid of the individual effect. Hence, we adopt the Helmerit program to take out the individual effect fi . Next, we run the GMM to estimate the coefficient (Love and Zicchino, 2006). 
Table 4 reports the results using Panel VAR model without the individual effect. The model is shown in Equation (9).  

Table IV    Coefficient Estimation using Panel VAR Model
	Response variable
	Impact Variable
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	Sample：Low Debt Ratio Firms

	
[image: image76.wmf]it

ikb


	-0.046（-1.11）
	0.009（1.58）
	0.448（0.41）
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	-2.105（-3.50）***
	0.548（6.06）***
	46.047（2.76）***
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	0.001（0.24）
	0.000（-1.07）
	0.722（7.67）***

	Sample：High Debt Ratio Firms
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	-0.041（-0.97）
	0.010（1.53）
	-0.676（-1.32）
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	-2.942（-3.57）***
	0.406（3.33）***
	-36.031（-3.77）***
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	-0.002（-0.57）
	0.000（0.68）
	0.918（16.28）***


Note: Panel VAR model uses GMM approach. Refer to Love and Zicchino (2006) for details and the program. ***, **, and * represent 1%, 5%, and 10% significant level, respectively.
 To further analyze the interaction between debt and the real economy, analysis of the impulse response function is necessary. The impulse response function matrix is constructed upon the estimated VAR coefficient, thereby, when estimating the confidence interval of the impulse response function, the standard error of the estimated VAR coefficient needs to be taken into account. Running the Monte Carlo simulation method 1,000 times, we are able to find the standard errors. Figure 4 and Figure 5 show the impulse response of the low debt holding firms and high debt holding firms, respectively. Figure 4 shows the results of the low debt level firms. First, when firms’ debt holding level is low, investment responds positively to the debt ratio impact (the 5% confidence level is above the zero horizontal line). This finding shows that when debt ratio is low, debt drives investment as well as the real economy. This is consistent with our hypotheses as well as the Minsky’s financial theory. Secondly, the impact of income is positively related to investment (the 5% confidence level is above the zero horizontal line). This demonstrates that income is positively related to investment, which is supportive of our hypothesis. Thirdly, the debt impact is significantly and positively related to income (the 5% confidence level is above the zero horizontal line). The Investment impact is positively and significantly related to debt (the 5% confidence level is above the zero horizontal line). This indicates that a firms tends to increase its debt holding when debt level is low and when the company is optimistic. Figure 5 shows the results of the high debt level firms. As shown in Figure 5, when debt level is high, investment is negatively and significantly related to the debt ratio (the 95% confidence level is under zero horizontal line). This is supportive of the “Financial Drag Effect” and is consistent with the Minsky’s Financial Instability Hypothesis.
In sum, the empirical results demonstrate that when the debt level is low, the real economy, especially investment, increases with debt holdings. However, after debt holding reaches a threshold, the financial drag effect tends to appear, resulting in decreases in investment and a downturn of real economy.    
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Figure 5: Impulse Response Function of High Debt Holding Firms   
4 Conclusion
The real economy was hit hard by the financial industry during the global financial crisis starting in 2007. The understanding of the impact of the financial market on the real economy is thereby important. For the case of China, an understanding of the mechanism of the role of debt over the real economy and investment, under government intervention, such as using an expansionary monetary policy, can help prevent the economy being hit by the risky financial market in China. Based on the optimal decision making of the real economy, using endogenous investment decisions, we establish multiple dimensional non-linear models. Based on the NPCM approach, we analyze the interaction between debt and investment and its mechanism under financial stress. The method is suitable for the nonlinear relation between debt and investment. Our theoretical analysis shows that when the debt level is low, debt can drive investment to grow. Meanwhile, investment growth and optimism about the economy tends to drive up the level of debt holdings, which in turn can quickly elevate interest rates as well as worsen the risky financial environment. Once debt reaches the threshold, investment falls sharply with increased debt and the real economy starts to down turn. Furthermore, we find that any government intervention cannot stop the development resulting from over-borrowing. Our empirical results, based on Chinese market data and the VAR approach, are supportive of these hypotheses.
Our study implies that government ought to adopt relevant polices to prevent the outbreak of financial crisis by stopping the excessive borrowing by the real economy during the financial prosperity period. In case excessive lending occurs, the priority strategy of the government is to reduce debt via debt restructuring and expanding the equity market rather than waiting for the market to correct itself. By doing so, the plunge of investment and productivity might be prevented. The traditional expansionary monetary policy will not always correct the excessive debt problem of the real economy in the long run. Of note, the determinant threshold of debt over-borrowing needs to be further examined using the nonlinear panel VAR model.                            
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