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Abstract 
This study contributes in bridging the dichotomy between economic growth and business cycle 

paradigms by providing dynamic characterisation of the link between economic growth, risk 

aversion, uncertainty and variability in industrial production, consumption and investment. In a 

system of equations, the study reveals that risk aversion, uncertainty and variability of business 

cycle components aid to contract growth. In contrast, ambiguous relationship exists between 

variability of hours worked and economic growth. Uncertainty and risk aversion induce increment 

in variability of business cycle components. Across countries, economic growth remains sensitive to 

the level of risk aversion and uncertainty.  
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1.  Introduction 

Business cycle theory and growth theory have been viewed traditionally as unrelated 

macroeconomic areas. The assumption is that growth theory and business cycle theory are 

two parallel economic paradigms.  A few decades ago, this perspective has been reverted 

after evidence of growth and business cycle interaction surfaces and studies such as (King, 

Plosser, and Rebelo (1988), Long and Plosser 1983, Kydland and Prescott 1982) that 

integrate business cycle theory and growth theory emerge. Over the past decades, business 

cycle fluctuation and long run growth constitute areas of intensive research focus. The nature 

of this relationship remains unclear despite numerous emerging body of knowledge.  

Macroeconomic studies reveal that fluctuations in business cycle arise from productivity 

shocks, labour supply shocks, news shock, uncertainty shocks, investment-specific 

technology shocks, and shocks to financial market risk aversion. Recently, emphasis has been 

placed on uncertainty and financial market risk aversion shocks (which cause higher volatility 

of stock market price). In recent times, uncertainty, shock is identified as a driver or 

contributor to business cycle fluctuations.  Uncertainty leads firms to postpone their 

investment and hiring decision and can arise from credit market frictions and troubles of the 

financial intermediation sectors. Uncertainty impact on economic performance has obviously 

received numerous concerns from policy viewpoint.  

Researchers have paid attention to the effect of business cycle fluctuations on growth. 

However, the relative contributions of uncertainty and risk aversion to growth and business 

cycle variability are yet to receive attention. Thus, the broader objective of this paper is to 

determine the direct and joint roles of market risk aversion and uncertainty in generating 

business cycle variability and differences in growth rate. The provision of a framework that 

links the interaction of these variables is essential. Firstly, the study provides the direct link 
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between investors’ risk aversion, market uncertainty and business cycle variability.  We then 

study the direct effect of investors’ risk aversion, market uncertainty, business cycle 

variability on global growth rate. We examine the relative contributions of business cycle 

components as channels through which risk aversion and uncertainty might affect global 

growth. Thus, the study undertakes joint determination of cross country growth rate 

uncertainty/ risk aversion and volatility of business cycle variables. 

Growth and business cycle fluctuation remain central in macroeconomic studies. However, 

the contribution of volatility of business cycle components to growth is yet to receive 

attention by researchers.  This paper quantifies the contributions of business cycle variability 

to growth and the contributions of risk aversion and uncertainty to variations in business 

cycle components.  The paper presents country specific volatility shocks and growth 

responses.  To achieve these objectives, the study computes volatility in investment, hour 

worked, consumption and industrial production in 11 countries. Measures of country-specific 

risk aversion and uncertainty are computed from option implied volatility and realized 

volatility forecast. These forecasts are projected following recent literatures on the 

decomposition of risk-neutral implied volatility into its components. We employ two 

measures of business cycle variability: rolling standard deviation and standard deviation of 

each series from its mean value. In a panel model, we estimate the short and long run 

contributions of market risk aversion and uncertainty to variability in business cycle 

components.  Thereafter, the study estimates the interaction of risk aversion and business 

cycle variability while establishing the joint link between these important macroeconomic 

elements. 

The impact of business cycle fluctuation on growth remains an important issue for any given 

economy.  Bloom (2009) shows that uncertainty shock generates a rapid drop (sharp 



4 
 

recession due to pause in employment and investment), rebound, and overshoot in output, 

employment and growth in productivity in the medium term. Popescu and Smets (2010) show 

that small and significant but temporary contractionary effect of output occur with exogenous 

uncertainty shocks. Uncertainty shocks are less important in driving the business cycle than 

financial risk aversion shocks. Alexopoulos (2009) posits that changes in the level of 

uncertainty remains a key contributor to business cycle (sharp, short lived recessions). 

Bachmann, Elstner, and Sims (2013) show that the disagreement measures relates with 

production reductions but with quick recoveries. They posit that survey-based uncertainty 

measures rise during downtown and uncertainty measures are countercyclical and less strong 

in Germany than in US. 

Researchers reveal a strong association between credit frictions, business cycles and/or long 

run growth rate. Should risk dampen investment demand more than it enhances precautionary 

savings’ supply, which is typical with high elasticity of intertemporal substitution, the 

negative relationship between volatility and growth concurs with one-sector neoclassical 

growth model. Refer to (Obstfeld (1994), King and Rebelo 1993), Angeletos (2007) for the 

case of  idiosyncratic investment risk and Bernanke and Gertler (1989) for models with 

financial frictions. Aghion et al. (2010) argue that the stories presented in these studies do not 

seem to provide better understanding of the negative association between growth and 

volatility. They suggest that the response of aggregate investment and savings (standard 

transmission channels) is not enough in explaining the interaction impact of credit constraints 

and uncertainty on growth volatility and growth. Thus, they show that the composition of 

investment matters when relating credit constraints to growth fluctuation.  

Justiniano and Primiceri (2008) suggest that the change in the variance of specific shock to 

the equilibrium investment condition accounts for a large part of the decline in investment, 
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hours worked, consumption and output volatility in the early 1980s. Huang, Fang, and Miller 

(2014) show that stock market and banking sector volatilities positively relate with higher 

volatility of industrial growth. Demir (2013) shows that growth rate significantly falls due to 

exchange rate volatility, however this impact becomes less intensified with access to foreign 

and domestic equity markets. Between 1970-1990, Blanchard and Simon (2001) outline an 

overview of long and large decline in output volatility of the U.S. economy. They argue that 

the decline in consumption, investment and government volatility as well as a change in the 

correlation sign between sales and inventory are proximate causes.  

Given the  irreversible nature of some investments and that investment could be delayed as 

firm awaits new information about costs, prices  and market conditions before decision is 

made, Pindyck (1991) argues that existing econometric models have limited power in 

predicting and explaining variation in investment spending. More so, the reason for 

differences in investment by countries remains unclear. Aizenman and Marion (1999) reveal 

negative correlation between private investment and volatility measures in developing 

countries. With severe fall in private consumption and investment, Carrière-Swallow and 

Céspedes (2013) reveal that emerging economies are more affected by exogenous uncertainty 

shocks. An important shock to US business cycle has been identified as sudden changes in 

uncertainty that economic agents face.  A renowned paper by Bloom (2009) reveals the level 

of fall in industrial production in response to uncertainty shock. Martin and Ann Rogers 

(2000) reveal that countries and regions with higher volatility of growth and unemployment 

have  lower growth rates. 

The examination of cross-country growth rate in relation to investors’ risk aversion and 

market uncertainty is necessary. Unlike most cross-country studies where     (option 

implied volatility of Standard and Poor 500) represents global implied volatility, we provide 
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an accurate calibration of global uncertainty and risk aversion from country-specific 

variances. The rest of the paper is organized as follows. Section two explains risk concepts 

and the derivation of risk aversion and market uncertainty. In section three, the methodology, 

data and variables are described. Section four presents the results and conclusion is presented 

in section five. 

   

2.  Risk Aversion Perception 

In this section, we link the theoretical concepts of risk aversion to the empirical derivation 

from an investor’s portfolio. At any wealth level     , an agent is risk averse if he/she avoids 

any lottery   ̃  with zero expected payoff:      ̃ with   ̃    

      ̃                                                    (1) 

An agent who avoids zero-mean risks   ̃  or expected payoffs of zero is viewed to be risk 

averse. The degree of risk aversion of an agent is measured through the risk premium     

associated with the risk. In essence, the risk premium represents the amount an agent is 

willing to pay to get rid of zero expected payoffs. Thus, the risk premium must satisfy this 

condition: 

      ̃                                                  (2) 

where u is the utility function of an agent, w is the initial wealth. If ( ̃) differs from zero, then 

the above equation could be represented as:  

      ̃                                               (3) 
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where e is the certainty equivalence of the zero-mean risk (sure increase in wealth that has the 

same welfare impact as having to bear the zero-mean risk).  

By Arrow-Pratt approximation
1
, the risk premium which measures the cost of risk is 

approximately proportional to the variance of its payoffs. 

                                                                 (4) 

      
       

     
                                                      (5) 

where      is the agent’s degree of absolute risk aversion,   is negative under risk loving, 

positive under risk aversion and zero under risk-neutral agents.  Thus, the variance appears to 

provide a good measure of the degree of riskiness of a lottery and consequently, mean-

variance decision criterion has been employed to model behaviour under risk. This might be 

viewed as a special case of the expected utility theory. However, skewness and kurtosis are 

important in risk modelling.  Using the Arrow-Pratt approximation, the relative risk premium 

is likewise given as: 

 ̃                                                                   (6) 

where   is the relative risk aversion index. 

Apparently, in equilibrium for a constant relative risk aversion (    ) endowment economy, 

the conditional variance of wealth      
  is directly proportional to the Equity Premium     

       
  =                                                           (7) 

where the coefficient of risk aversion is  .  The fundamental risk-return tradeoff is highly 

linked to variance premium. 

                                                            
1 See Eeckhoudt, Gollier, and Schlesinger (2005) for full detail 



8 
 

Variance premium    ) is defined as: 

        
    [     

  ]                                            (8) 

Typical of the US economy, a measure of risk neutral expectation of the return variance is 

the     , which is    500 option implied volatility index with one month contract 

maturity.      
   represents next month     500  realised variance measured in a continuous 

time frame.  Using the risk- neutral probability measure,     squared depicts the conditional 

variance of return while for the actual physical probability measure, the conditional variance 

is required.  In a variance swap, the return of buying a variance swap contract is given as  

     
       

 .  

Similarly, the difference between the variance under the empirical measure and the risk 

neutral measure is the variance premium (Φ);  

Φ =   
 [    

 ]    
 [    

 ]                                          (9) 

where   
 [    

 ] represents the risk-neutral expectation from stock options and the objective 

expectation   
 [    

 ] represents the expected variance      which is estimated from a linear 

projection of the continuous realised variance and the risk- neutral variance. 

                                                         (10) 

This remains the best model in generating expected variances (Drechsler and Yaron 2011, 

Bekaert, Hoerova, and Lo Duca 2013, Wang, Zhou, and Zhou 2013).  The model free implied 

volatility uses no pricing model and thus, remains more informative by incorporating 

information across moneyness.  

As shown in (Bollerslev and Zhou (2006), Bollerslev, Gibson, and Zhou 2011), direct link 

between the risk neutral and physical volatility exists. Thus, the identification of the 
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parameter for risk premium     is achieved such that the volatility risk premium relates to 

risk aversion. With linear volatility risk premium assumption in an affine stochastic volatility 

model that corresponds to: 

        √                                                  (11) 

where    is the latent volatility. As in (Heston 1993) and shown by Bollerslev et al. 2011: 

           (
   

  
    )                                        (12) 

where   is volatility risk premium measure,     is an agent’s marginal utility of wealth or  the 

pricing kernel. With the assumption of power utility representation for an investor, 

        
  

   

   
                                               (13) 

where    =       
 

 ,  represents a constant subjective time discount rate and fro Itô’s 

formula 

     (
   

  
    )                                           (14) 

Thus, the volatility risk premium is directly proportional to the constant relative risk aversion 

coefficient. This argument also relates relatively in the case of time varying investors’ risk 

aversion. Notably are works by (Bekaert, Engstrom, and Xing 2009, Bekaert, Engstrom, and 

Grenadier 2010). 

  
 

  
                                                (15) 

where   is the constant relative risk aversion coefficient,   is the leverage effect and    is the 

volatility volatility. 
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The true risk-neutral expectation of the integrated variance equals the model- free implied 

volatility      (Britten-Jones and Neuberger 2000, Bollerslev, Gibson, and Zhou 2011).  

       
     (         )                                           (16) 

where    (·) is the expectation under the risk-neutral measure.     continuous sign-algebra.  

The estimation of model-free realised variance is possible with the availability of high 

frequency stock prices. At time   over a continuous time interval,     is measured as:  

     ∑ [            ]  
                                      (17) 

 

where   represents the number of small interval trades per day,         denotes log price of  

stock at small time intervals. Through this measure, more reliable measure of the expected 

variance is obtained than through the daily estimated variance of stock return (Andersen et al. 

2003, Barndorff-Nielsen, Graversen, and Shephard 2004, Andersen et al. 2001).  

Given the stochastic nature of return variance, investors are faced with two sources of 

uncertainty when undertaking investment in any security. These include uncertainty about 

return variance and actual return uncertainty.  Measures of volatility in asset prices have been 

employed to capture uncertainty about economic variables. Drechsler and Yaron (2011) 

demonstrate that the difference between the expected variance under the risk neutral 

probability and the expected ex post variance equals the variance premium while uncertainty 

is the conditional expectation of the total return variance.  
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3.  Methodology, Data and Variables 

We compute volatility of business cycle components as rolling standard deviation of each 

series. Alternatively, we measure this variance as the standard deviation of each series from 

the mean value. These are computed separately for each country. The first method of business 

cycle variability measure is employed for most of the analysis while the second method is 

used for robustness check. We use dummy to represent extreme periods of uncertainty and 

risk aversion. This takes a value of one for values above the mean of risk aversion or 

uncertainty for each country and zero if lower than the mean value.  Alternatively, we 

compute extreme periods of risk aversion and uncertainty by using dummy to represent 

values above the mean of the whole sample. However, this second method might constitute 

misrepresentation as country’s forecasts differ in value. From                      , we 

obtain the newly computed measures of real gross domestic product (    ) per capita, 

human capital index, initial level of       average annual hours worked, household 

consumption, government consumption and exchange rate. For China, average annual hours 

worked is obtained from             . Total investment is obtained from     statistics. 

Industrial production and real interest rate are obtained from           . The real interest 

rate for China is obtained from            data
2
.  The data range from 1996 to 2013. The 

period covered is based on the availability of high frequency stock price data. The panel is 

unbalanced because of missing values from risk neutral implied volatility used in the forecast. 

We compute realised and implied variances for each country to obtain country-specific 

uncertainty and risk aversion measures. Unlike most cross-country studies where     

represents global implied volatility, this study employs risk-neutral volatility measure and 

realised volatility for each country. This provides an accurate calibration of global 

                                                            
2 Detailed data description is given in the appendix while (Feenstra, Inklaar, and Timmer 2013)has more data 
detail. 
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uncertainty and risk aversion from country-specific variances. We compute these variances 

for United States (       ), United Kingdom (       ), China (        ), Germany 

(       ), France (       ), Switzerland (       ), The Netherland (       ), 

Mexico (       ), Japan (       ), Belgium (       ) and Sweden (       ). 

These countries are selected based on the availability of risk-neutral option-implied volatility 

data. The data are obtained from            while implied volatility data for China is 

obtained from          . To obtain a measure of quadratic variance, we compute daily 

realised variance estimated from intra-day stock prices and their return.  We obtain these 

ultra-high frequency stock prices at    minute intervals. We obtain these stock prices for the 

same ticker symbol represented above for each of these countries. Intra-day stock price data 

are obtained from the Securities Industry Research Centre of Asia Pacific         database 

(refer to Appendix for data details). 

 The forecast of risk aversion and uncertainty measures involves Ordinary Least Square (OLS) 

projection of future realised variance against current predictor variables.
3
 The predicted value 

(a physical measure of the conditional expectation of total return variance) is the measure of 

uncertainty while the difference between the risk neutral expectation (square of implied 

variance) and the predicted value is the measure of variance risk premium (risk aversion). 

The model is shown in        : 

The methodological approach involves the use of panel time series estimation of the short and 

long run effects of risk aversion and uncertainty on business cycle variability. In this case, the 

pooled mean-group (PMG) of Pesaran, Shin, and Smith (1999) and Pesaran and Smith (1995) 

mean group (MG) estimators are employed. The (MG) estimator has error variances, slope 

coefficients and intercepts that are heterogeneous across groups. For the     estimator, the 

                                                            
3 The winsorised sample is employed and implied variances are made comparable with realised 

variances. 
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long run effects are identical, while the intercepts, error variances, and short run coefficients 

differ across the groups. In the dynamic Fixed Effects Model (   ), all parameters are 

homogeneous across countries while the intercepts differ. With this dynamic estimator, the 

true nature of the data becomes easier to capture and non-stationarity is overcome.
4
   

The unrestricted autoregressive distributed lag (    ) model specification for periods 

                and groups                 takes the following form: 

 

     ∑          
 
    ∑   

        
 
                (18) 

 

  is business cycle variability,   is period horizon,    represents a country  and   is the 

time period.     is      vector of independent variables such as risk aversion and other 

determinants.     represents scalars,     denotes the country specific fixed effect and      is 

the residual component. The coefficient vectors are the         . The short run dynamics 

are influenced by deviation from equilibrium for co-integrated      variables. Thus, the re-

parameterization of the above equation into an error correction model is essential: 

        (         
    )  ∑   

         
   
    ∑    

  
 

       
   
               (19) 

 

where     (  ∑    
 
   )       ∑    

 
    (  ∑     )    

   =  ∑    
 
     ,  

   =1, 2, 3,.……..,    , and   
    ∑    

 
          =1,2, 3, ……..,    . 

 

The error-correction speed of adjustment is     . If        and significant, this shows that the 

variables revert to the long run equilibrium. There is no evidence for a long run relationship if 

    is zero. The short run relationship among the variables is embedded in the vector   
   

                                                            
4
 See Pesaran (2007) for unit root test under cross sectional dependence. 
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while the vector   harbours the long run relationship among the variables. Given, the 

unbalanced nature of our data, the model prefers dynamic fixed effect estimator as the right 

estimator. Therefore, we employ the dynamic fixed effect in the first stage to examine the 

long and short run relationship among these variables. 

To estimate joint interaction between risk aversion/uncertainty, business cycle variability and 

growth rate across countries, we employ simultaneous equation model that involves Three 

Stage Least Square (    ) of Zellner and Theil (1962) .  Given the potential interdependent 

relationship between these variables, it becomes important to exploit this mutual association. 

In specifying the econometric model, three equations that describe the endogenous 

relationship are listed. As cross-country growth is affected by growth determinants, the study 

specifies economic growth of country   at time   as: 

                                                              (20) 

where       is growth rate of RGDP per capita at time  , for country  .      is vector of 

business cycle volatility,     consists of vector of growth determinants and risk 

aversion/uncertainty. Similarly, business cycle variability may be affected by the level of 

growth, risk aversion/uncertainty and past variability: 

                                                             (21) 

where      is business cycle variability,     is vector of risk aversion/uncertainty and 

economic variables. In the last equation, we allow uncertainty/risk aversion to be affected by 

lag values such that: 

                                                        (22) 

where     represents risk aversion or market uncertainty  
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The specification of simultaneous equation models helps to account for the relevant 

endogenous relationship between the equations. The assumption of correlation of error terms 

across equations due to unobserved factors helps to exploit efficiency gain when compared to 

single equation estimation.  To identify the system of equations, the inclusion and exclusion 

of relevant variables follow a priori argument based on empirical and theoretical 

underpinnings. Specifically, the study uses variables identified from relevant literatures on 

growth and volatility as well as literatures on risk aversion/market uncertainty effects on the 

macro-economy. 

Table 1 Forecast Equation 

     Variable                   Independent 

Dependent               Observation 

      

                   0.0228***(0.0013) 0.1207***(0.0220) 3,088 

                   0.0195***(0.0012) 0.1505***(0.0261) 2,386 

                   0.6538***(0.1307) 0.5253***(0.0270) 2,403 

                   0.0163***(0.0011) 0.0837***(0.0239) 2,579 

                      0.0089***(0.0010) 0.2293***(0.0252) 1,522 

                      0.0164***(0.0015) 0.2747***(0.0238) 2,174 

                      0.1193***(0.0102) 0.1853***(0.0333) 1,390 

                      0.0235***(0.0016) 0.1500***(0.0261) 2,535 

                         0.0188***(0.0013) 0.2018***(0.0260) 2,399 

                      0.0314***(0.0014) 0.0591**(0.0240) 3,143 

                      0.0060**(0.0028) 0.5312***(0.0821) 143 

Standard errors in parentheses, *** p<0.01, ** p<0.05: Forecasts are daily except for China (monthly). The regression involves the 

projection of future realized variance on current predictors for each economy. Country names are abbreviated.    = realised 

variance,  =risk neutral variance. 
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4.  Results and Discussion 

The graphs of variability in growth of investment, total consumption, industrial production 

and hours worked are present in        . Variability in the growth rate of investment 

remains relatively small across time and country.  Peak values in variability of investment 

occur between 2009 and 2011. Mexico maintains high variability in investment for most of 

the time while Sweden variability maintains the peak position within 2009-2011. This could 

be explained partly as the influence of the 2008-2009 financial crises. The relationship 

between uncertainty and investment spending is an important issue in business cycle studies. 

This has received numerous theoretical and empirical attentions. However, mixed argument 

exists to the exact relationship. Bernanke (1983) offers complementary explanation on 

uncertainty and information flow with regards to cyclical fluctuation in durables. The 

assumption in his argument is that once investment projects are constructed they are 

irreversible; cannot be undone or radically converted into another project form without high 

cost. In addition, new and relevant information required to assess the returns on long run 

projects arrive over time; such that by waiting, potential investors improve their chances of 

selecting the right option in their decision taking.  

Consumption variability remains relatively high when compared to investment variability. 

Peak periods are erratic for most of the countries. However, consumption variability in the 

US remains relatively stable. Surprisingly, US variability in consumption remains relatively 

low during the meltdown when compared to variability in other countries. A stream of debate 

among researches has been on the proposition of permanent income hypothesis (PIH) which 

posits that consumption is based on annuity value of current human and financial wealth of 

individuals. This has received huge ocean of debate among researchers both against and in 

favour of this proposition.  We abstract from this line of debate but point out that Hahm and 
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Steigerwald (1999) show that time-varying income uncertainty is a determinant of individual 

consumption path. The recent recession has also received an alternative explanation such that 

troubles in financial intermediation contribute to increment in external finance premium and 

the possibility of credit crisis abounds. Invariably, this might alter both investment and 

consumption patterns. 

 With the exception of the financial crunch period, variability in industrial production within 

each country remains relatively stable for most of the time.  However, variability in industrial 

production growth for Belgium shows heightened level between 2000 and 2002 period. 

Relative variability in industrial production will have an impact on aggregate output.  Short 

and long run implications are not lacking. Variability in industrial production may stem from 

differences in investment, capital formation, productivity capacity and other relevant 

economic and political factors. 

Variability in hours worked in Mexico remains relatively high. Variability in hours worked 

remain high during the crisis and slightly follow similar pattern as observed in other series. 

Uncertainty can have an influence on the variation of the number of hours worked. This 

occurs most especially in wage cut policies to reduce labour cost. The aggregate number of 

hours worked might decline because of job cut. The degree of wage-rate uncertainty may 

affect labour supply decisions. Nominal wage-rate uncertainty could be visible in cases where 

earnings include commission, tips and bonus payment accruing from better firm performance. 

Thus, the question of worker’s labour supply under uncertainty becomes important. For spot 

market models, variation in hours worked should reflect only in preference and wage changes.  

The natural argument will be; fall in expected utility of workers due to uncertainty will lower 

hours worked. However, many assumptions have to be made in arriving at such conclusion. 
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Figure 1: Variability Plots 

        presents the results of the impact of risk aversion and uncertainty on the variability 

of business cycle components. In the first phase, we employ the panel time series approach in 

examining potential short and long run influence on variability. Dynamic Fixed Effects 

model is the preferred model of the system as the panel is unbalanced. Thus, the system 

assumes homogeneity of parameters with differing intercepts. The error-correction term in 

each equation is statistically significant and negative. This confirms adjustment to the long 

run equilibrium. The result reveals no short run impact of risk aversion and uncertainty on 

investment volatility. In the long run, risk aversion (0.026%) and uncertainty (0.024%) 

increase variability in investment growth.   

According to  Abel (1984), price uncertainty leads to increase in investment for competitive 

risk-neutral agents. This is attributable to Jensen’s inequality such that expected payoff to 
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marginal units of capital is raised by mean preserving rise in price uncertainty when marginal 

revenue product of capital is convex in price. Contrary to this, irreversible investment 

literatures suggest that investment spending of risk-neutral firms contracts when uncertain 

times increases. As in Dixit and Pindyck (1994), under heightened uncertainty, partial 

irreversibility and adjustment costs might induce delay in firm’s investment decision. Thus, 

the separation between marginal product of capital which justifies disinvestment and the 

marginal product of capital which justifies investment rises. Caballero (1991) offers an 

explanation of the conditions for this to hold. Thus, irreversibility or the cost involved to 

adjust the capital stock downward must exceed the upward adjustment and the market for 

firms must be under imperfect competition. 

As irreversibility might induce firms to remain sensitive to risk associated with investment 

such as uncertainty about operating cost, future prices, interest rate and timing, Pindyck 

(1991) argues that irreversibility have important implication in aggregate investment 

behaviour and consequently, on macroeconomic policy. Theoretical expectation is that an 

increase in risk aversion due to uncertainty should contract investment. Thus, an increase in 

variability of growth is expected as investment contracts either due to increased risk aversion 

or uncertainty faced by market agents. This is confirmed by the data with increment in 

variability in investment because of uncertainty and/or risk aversion. Total consumption as 

control variable lowers variability in the short run but increases variability in the long run. Its 

short run effect is significantly greater relative to long run impact. 

An examination of the impact of risk aversion and uncertainty on the variability of industrial 

production growth reveals no short run influence. In the long run, industrial production 

variability soars with risk aversion (0.02%) and also with uncertainty (0.021%). Popescu and 

Smets (2010) reveal negative effect of uncertainty and financial risk aversion  on business 
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cycle variables. In a model with partially irreversible investment and hiring decisions, Bloom 

(2009)  show that output and productivity fall with uncertainty shock. This is explained by 

the fact that uncertainty leads firms to postpone their hiring and investment decisions. Thus, 

reallocation of resources is reduced in response to relative productivity shocks. However, 

sharp recovery occurs as uncertainty lessens. However, Bachmann, Elstner, and Sims (2013) 

reveal protracted and persistent reduction in US economic activity due to uncertainty shock. 

These findings strengthen our argument on the positive effects of uncertainty and risk 

aversion on variability in industrial production. Thus, increasing variability in industrial 

production is confirmed by the data as firm postpone investment decisions. For control 

variables, total consumption lowers industrial variability in the short run while human capital 

has increasing effect in the long run. 

The result further reveals that uncertainty (0.028%) significantly increases variability in total 

consumption in the long run. Uncertainty impact on consumption is likewise an important 

issue at micro and macro levels. The crash in stock market in October, 1929 that results from 

jump in uncertainty negatively affected consumption expenditures especially of consumer 

durables. This contributes enormously to the collapse of the economy (Romer 1990). Thus, 

increment in variability in consumption due to uncertainty is confirmed in this data. For 

control variables, import increases variability while exchange rate lowers variability in the 

short run. However, in the long run the reverse is the case for these variables.   

Lastly, in the estimation of the long and the short run relationship among these economic 

variables, we examine the response of hours worked. The results reveal significant long run 

effect of uncertainty on the variability of hours worked. This conforms to the findings on the 

effect of risk aversion and/or uncertainty on other business cycle variables examined.  Output 

contraction due to uncertainty will have implications on labour demand. Reduction in labour 
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demand geared towards reduction in labour costs will affect the total number of hours worked 

at a given point in time. Industrial production increases variability in hours worked in the 

short run, but lowers variability in the long run. 

 

 

Table 2 Business Cycle Variability Estimation Results 

Independent Variables                         Dependent Variables 

Variability Investment Industrial Production Consumption Hours Worked 

     

Error Correction -0.8678*** -0.7063*** -1.1345*** -0.8260*** 

 (0.0615) (0.0884) (0.0856) (0.1722) 

Short run Coefficients 

  Consumption -0.1797*** -0.1709***  -0.0141 

 (0.0268) (0.0429)  (0.0091) 

  Uncertainty -0.0505 -0.0282 -0.0056 0.0006 

 (0.0325) (0.0205) (0.0180) (0.0036) 

  Risk Aversion -0.0039 -0.0095 -0.0168 -0.0030 

 (0.0218) (0.0132) (0.0146) (0.0031) 

  Import   0.0163*  

   (0.0089)  

  Exchange Rate   -0.0016***  

   (0.0003)  

  Real Interest Rate -0.0021   0.0007 

 (0.0097)   (0.0006) 

  Industrial Production    0.0291* 

    (0.0154) 

  Human Capital  -0.0223   

  (1.1761)   

Long run Coefficients 

Total Consumption 0.0732*** 0.0138  0.0087 

 (0.0255) (0.0286)  (0.0098) 

Human Capital  0.6423***   

  (0.2400)   

Real Interest 0.0019   0.0009 

 (0.0123)   (0.0013) 

Uncertainty 0.0235*** 0.0208** 0.0288*** 0.0082** 

 (0.0086) (0.0101) (0.0107) (0.0038) 

Risk Aversion 0.0260** 0.0201* -0.0016 -0.0045 

 (0.0121) (0.0109) (0.0106) (0.0029) 

Exchange   0.0019***  

   (0.0003)  

Import   -0.0241**  

   (0.0105)  

Industrial Production    -0.0462*** 

    (0.0144) 

     

Observations 110 119 119 119 

Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 

 

In the second phase of the analysis, we analyse joint determination of cross-country's growth 

rate, risk aversion/uncertainty and variability in business cycle variables. Simultaneous 

Equation Model (   ) involving Three Stage Least Square (    ) is used. As control 

variables in each system of equation we employ log difference of growth determinants; 
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population, investment, human capital. Initial RGDP per capita is also included in each 

equation. In some equations, industrial production, export and exchange rate also appear 

exogenously. Among endogenous variables, the model captures feedback simultaneities. Two 

measures of variability are used for robustness check. In the first case, rolling standard 

deviation of each series of a country is computed (              ) while the standard 

deviation of each series from the mean value for each country is employed (              ). 

Similar results are obtained from the two computations. Regional and time dummies are also 

included. 

In        , the results of the estimation of joint interaction of growth, variability in 

investment and risk aversion/uncertainty are presented. Investment variability significantly 

lowers growth rate (0.6%-1.21%) while risk aversion reduces growth rate by 0.026%. Risk 

aversion increases variability in investment (0.01-0.02%). Similarly, uncertainty increases 

variability in investment (0.005-0.008%) in both variability measures. As firms become 

cautious in choosing their investment options, an alternative explanation of investment 

behaviour of firms could be derived from Tobin’s q. This relates the ratio of the value of a 

capital asset to its replacement cost. Thus, the expected present value of the profit flow of a 

capital asset equals its value. Consequently, various uncertainty sources in relation to future 

profit determination are important and the elimination of these profit deterrents invariably 

stimulates investment. Taking realistic values of capital depreciation, Femminis (2008) reveal 

negative relationship between investment   and uncertainty for risk aversion index having 

values greater than unity. In a related study, Bloom, Bond, and Van Reenen (2007) reveal  

that at higher uncertainty due to wider thresholds for the zone of inaction, investment will 

cautiously respond to a given demand shock. Secondly, super-modularity and aggregation 

will induce a convex investment response to positive demand shocks. They find evidence for 

both convexity and cautionary effects of stock-based measure of uncertainty. They argue that 
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uncertainty may induce firms to place less value on recent information in getting their 

expectation of future growth prospects updated. As evident in the result, these issues will 

further assist in creating more variability in investment level due to uncertainty. As control 

variables, real interest rate significantly and positively affect uncertainty and risk aversion 

while the past growth rate lowers variability in investment.  

Table 3 Growth, Investment Variability, Risk aversion and Uncertainty 

Determinant                         Determined               

Variability 1 

 

Variables RGDPC 

Growth 

Investment 

Variability 

Risk 

Aversion 

RGDPC 

Growth 

Investment 

Variability 

Uncertainty 

       

Investment Variability -0.6332***   -0.7437***   

 (0.0999)   (0.0987)   

Risk Aversion -0.0265*** 0.0234***     

 (0.0074) (0.0085)     

RGDPC Growth Lag  -0.7716***   -0.7367***  

  (0.1157)   (0.1130)  

Investment Variability 

Lag 

  -1.3535   -0.5476 

   (1.5793)   (3.7639) 

Real Interest Rate   0.1878*   0.7020*** 

   (0.1040)   (0.2433) 

Uncertainty    -0.0011 0.0084*  

    (0.0043) (0.0049)  

Observation 121 121 

Variability 11 

 

Investment Variability -1.2144***   -1.1933***   

 (0.1184)   (0.1202)   

Risk Aversion 0.0046 0.0103**     

 (0.0049) (0.0051)     

RGDPC Growth Lag  -0.2889***   -0.3004***  

  (0.0827)   (0.0862)  

Investment Variability 

Lag 

  0.4081   -3.8316 

   (2.5766)   (5.5345) 

Real Interest Rate   0.4071***   0.7011*** 

   (0.1088)   (0.2360) 

Uncertainty    -0.0029 0.0053*  

    (0.0031) (0.0032)  

Observation 124 124 

Standard errors in parentheses*** p<0.01, ** p<0.05, * p<0.1 

 

 

An examination of the results on the importance of industrial production variability in 

affecting growth fluctuation under risk aversion reveals that growth rate (0.4%-1.1%) falls 

with increasing variability in industrial production. Risk aversion significantly lowers growth 

rate (0.03%) but increases variability in industrial production (0.02%-0.03%). Similarly, 

growth rate falls under uncertainty (0.06-0.08%) and variability in industrial production 
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lowers growth by 0.5%-0.55% given an uncertainty situation. Measuring uncertainty with 

survey expectation variables, Bachmann, Elstner, and Sims (2013) reveal protracted and 

persistent reduction in US economic activity while “wait and see” (sharp decline and 

recovery) characterizes the Germany economy. They argue that stronger regulation of labour 

market in Germany can provide the reason for the observed “wait and see” dynamics. In both 

cases, increasing variability is expected with a decline in output. Lower productivity may 

have a mild or persistent impact if the economy does not adjust. This will perfectly reflect in 

the productivity levels’ variation. The effects of interest rate in both systems of equations 

concur with theoretical expectation of the effects of contractionary monetary policy.  

  

Table 4 Growth, Industrial Production Variability, Risk aversion and Uncertainty 

Determinant                         Determined               

Variability 1 

Variables RGDPC 

Growth 

Industrial Production 

Variability 

Risk 

Aversion 

RGDPC 

Growth 

Industrial Production 

Variability 

Uncertainty 

       

Industrial Production 

Variability 

-0.4483***   -0.5686***   

 (0.0825)   (0.0782)   

Risk Aversion -0.0336*** 0.0198**     

 (0.0070) (0.0087)     

RGDPC Growth Lag  -0.9328***   -0.9114***  

  (0.1198)   (0.1179)  

Industrial Production 

Variability Lag 

  1.3996   -0.6740 

   (1.5071)   (3.6866) 

Real Interest Rate   0.1824*   0.7722*** 

   (0.1023)   (0.2450) 

Uncertainty    -0.0069* 0.0001  

    (0.0040) (0.0049)  

Observations 121 121 

Variability 11 

       

Industrial Production 

Variability 

-1.0605***   -0.5076***   

 (0.1166)   (0.0727)   

Risk Aversion -0.0026 0.0294***     

 (0.0064) (0.0069)     

RGDPC Growth Lag  -0.3689***   -0.3899***  

  (0.0918)   (0.0965)  

Industrial Production 

Variability Lag 

  -0.5912   -3.1656 

   (2.2594)   (5.2291) 

Real Interest Rate   0.2673***   0.6605*** 

   (0.1036)   (0.2383) 

Uncertainty    -0.0082** 0.0008  

    (0.0033) (0.0038)  

Observations 124 124 

Standard errors in parentheses*** p<0.01, ** p<0.05, * p<0.1 



25 
 

  In          the results reveal that under risk aversion, consumption variability lowers 

growth rate (0.19%-1.35%). Risk aversion also lowers growth rate (0.007%-0.05%) in both 

variability measures. Uncertainty (0.004%) and risk aversion (0.013%) lead to significant 

increase in consumption variability. Lags of risk aversion and uncertainty also increase risk 

aversion and uncertainty respectively. Interest rate consistently increases the level of risk 

aversion and uncertainty. At micro and macro studies, consumption response to uncertainty 

remains an important issue. As shown in  Romer (1990), stock  market crash of 1929 

significantly reduced the level of consumption and consequently, the  crunch in the economy.    

This has simple explanation which hinges on the fact that individuals view the stock market 

as a representation of the state of the economy. Until a ray of certainty surfaces, increment in 

uncertainty about income and employment causes household to consider the option of 

postponing purchases. Individual utility is threatened, therefore; households have to apply 

caution in consumption decision. An equally devastating effect of the demand for services 

occurs because of rise in uncertainty which follows the crash (Greasley, Madsen, and Oxley 

2001). The application of caution in consumption reflects well in this increasing nature of 

consumption variability as evident in the data.  
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Table 5 Growth, Consumption Variability, Risk aversion and Uncertainty 

Variability 1 

Determinant                           Determined                       

Variables RGDPC 

Growth 

Consumption 

Variability 

Risk Aversion RGDPC 

Growth 

Consumption 

Variability 

Uncertainty 

       

Consumption 

Variability 

-1.3501***   -1.2508***   

 (0.1547)   (0.1536)   

Risk Aversion -0.0536*** -0.0155     

 (0.0096) (0.0095)     

RGDPC Growth 

Lag 

 -0.2951***   -0.3391***  

  (0.0959)   (0.0986)  

Consumption 

Variability Lag 

  -1.7904   -0.1094 

   (1.5713)   (3.8855) 

Real Interest Rate   0.2039**   0.7999*** 

   (0.1021)   (0.2443) 

Uncertainty    -0.0094* -0.0056  

    (0.0054) (0.0058)  

Observations 121 121 

Variability 11 

       

Consumption 

Variability 

-0.1926*   -0.3334**   

 (0.1022)   (0.1347)   

Risk Aversion -0.0073** 0.0134***     

 (0.0034) (0.0046)     

RGDPC Growth 

Lag 

 -0.1352   -0.2052  

  (0.1262)   (0.1271)  

Consumption 

Variability Lag 

  -3.9445***   -4.1140*** 

   (1.1108)   (0.8672) 

Risk Aversion Lag   0.8317***    

   (0.0557)    

Real Interest Rate   0.1304*   0.0723 

   (0.0671)   (0.0523) 

Uncertainty    -0.0008 0.0038**  

    (0.0015) (0.0019)  

Uncertainty Lag      0.9576*** 

      (0.0200) 

Observations 115 115 

Standard errors in parentheses*** p<0.01, ** p<0.05, * p<0.1 
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Table 6 Growth, Variability in Hours Worked, Risk aversion and Uncertainty 

Variability 1 

Determinant                           Determined       

Variables RGDPC Growth Hours Worked 

Variability 

Risk Aversion RGDPC 

Growth 

Hours Worked 

Variability 

Uncertainty 

Variability 1 

       

Hours Worked 

Variability 

2.6495***   1.8991***   

 (0.5483)   (0.5668)   

Risk Aversion -0.0162*** 0.0025**     

 (0.0037) (0.0011)     

RGDPC Growth Lag  0.0536**     

  (0.0273)     

Hours Worked 

Variability Lag 

  11.1310**  0.0447 5.6959 

   (5.5379)  (0.0282) (4.6725) 

Risk Aversion Lag   0.7891***    

   (0.0577)    

Real Interest Rate   0.1350*   0.0704 

   (0.0714)   (0.0591) 

Uncertainty    -0.0035** 0.0007  

    (0.0015) (0.0004)  

Uncertainty Lag      0.9380*** 

      (0.0219) 

Observations 113 113 

Variability 1 

 

       

Hours Worked 

Variability 

1.2653   -2.9891**   

 (1.4913)   (1.4979)   

Risk Aversion -0.0131*** 0.0019**     

 (0.0041) (0.0007)     

RGDPC Growth Lag  0.0238   -0.0168  

  (0.0195)   (0.0192)  

Hours Worked 

Variability Lag 

  -5.7146   1.5622 

   (8.0287)   (6.5453) 

Risk Aversion Lag   0.7951***    

   (0.0576)    

Real Interest Rate   0.1211*   0.0717 

   (0.0712)   (0.0575) 

Uncertainty    -0.0010 0.0004  

    (0.0016) (0.0003)  

Uncertainty Lag      0.9388*** 

      (0.0217) 

       

Observations 115 115 

Standard errors in parentheses*** p<0.01, ** p<0.05, * p<0.1 

 

 In their study, (Yu-Fu and Funke (2004)) conclude that employment is likely to fall with 

recent calls to reduce working hours. Pirttilä and Tuomala (2007) reveal that wage 

uncertainty is a major determinant of male self-employed labour supply. In        , the 

results reveal that variability in hours worked has ambiguous relationship with growth while 

risk aversion lowers growth. Risk aversion increases variability in hours worked. Uncertainty 

lowers growth but has no significant effect on hours worked in this system. Interpretation of 

variability in hours worked under risk aversion and/or uncertainty should be done with 
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caution as many factors come into play. We abstract from these other factors, but offer a 

simple explanation. Output contraction due to uncertainty will have implication of labour 

demand. Reduction in labour demand geared towards reduction in labour costs will affect the 

total number of hours worked at a given point in time. Good performance implies that 

financial reinvestment is possible and employees’ motivation to work remains high through 

good payment. Thus, variability in hours worked should increase with uncertain time. 

In the last stage of the analysis, we employ dummy variables to capture growth differences in 

periods of extreme and low risk aversion and uncertainty. To construct this, we use dummy 

for low and high uncertainty to represent values below and above the mean observation of 

this series for each country respectively (dummy1). Similarly, this is computed for risk 

aversion. Alternatively, we compute these measures (dummy11) at cross-country observation 

such that values above the mean of the entire sample will represent an extreme time for each 

series and otherwise. We employ Generalised Least Square to examine this relation. Given 

that higher level of uncertainty in one country might not represent a high level of uncertainty 

in another country, the second dummy might pose an issue. Surprisingly, the results of the 

two dummy constructs are similar. As shown in        , the growth rate of RGDP per capita 

falls with risk aversion and uncertainty. At extreme levels of uncertainty growth rate 

contracts (0.019%) while at lower level of uncertainty growth increases (0.019%). Similarly, 

at a high level of risk aversion, growth contracts (0.019%) while at a mild level, growth 

expands (0.019%). These results are confirmed in the second measure of the degree of risk 

aversion or uncertainty. This could be interpreted to mean that extreme uncertainty or risk 

aversion level is detrimental to economic growth.   
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Table 7 Growth, Risk Aversion and Uncertainty Magnitude 

Dummy 1 Dummy 11 

Variables 

Growth Rate in RDPD Per Capita 

Uncertainty -0.0064**  -0.0064**    -0.0037  -0.0036 

 (0.0032)  (0.0032)    (0.0033)  (0.0032) 

Risk Aversion  -0.0059  -0.0059  -0.0080*  -0.0066  

  (0.0040)  (0.0040)  (0.0043)  (0.0044)  

Investment Variability -

0.1185*** 

-

0.1205*** 

-

0.1185*** 

-

0.1205*** 

  -

0.4037*** 

 -

0.4113*** 

 (0.0430) (0.0403) (0.0430) (0.0403)   (0.0565)  (0.0562) 

Low Uncertainty 0.0194***      0.0090**   

 (0.0068)      (0.0042)   

High Uncertainty   -

0.0194*** 

     -0.0091** 

   (0.0068)      (0.0041) 

Industrial Production 

Variability 

     -0.3092***  -

0.3067*** 

 

      (0.0569)  (0.0566)  

High Risk Aversion  -

0.0191*** 

   -0.0078    

  (0.0054)    (0.0052)    

Low Risk Aversion    0.0191***    0.0099*  

    (0.0054)    (0.0053)  

Observations 130 130 130 130  132 132 132  

Standard errors in parentheses*** p<0.01, ** p<0.05, * p<0.1 

 

 

Conclusion 

In this study, we examine the joint interaction of variability of business cycle variables, 

uncertainty, risk aversion and economic growth. Through the decomposition of risk-neutral 

implied volatility and actual volatility of each country, the study computes country-specific 

measures of risk aversion and uncertainty. In addition, measures of variability in business 

cycle variable are computed and joint interaction of these variables is examined. Short and 

long run impacts are examined in a     approach while joint influence is examined in a 

system of equations. The influence of risk aversion/uncertainty on RGDP per capita growth 

based on the magnitude of these variables is also examined.  

Using panel observation, we show that risk aversion and uncertainty have short and long run 

implications on the variability of business cycle variables and on cross-country growth rate. 

The results reveal that both uncertainty and risk aversion reduce cross-country growth rate. 

Risk aversion also increases variability in industrial production, investment, total 

consumption and hours worked. The study uncovers evidence of reduced growth rate due to 



30 
 

variability in business cycle components. With the exception of the variability in growth of 

hours worked that has an ambiguous relationship with growth rate, increase in variability in 

the growth of investment, industrial production, and consumption significantly lower 

economic growth. The results reveal the importance of each component of the business cycle 

in affecting economic growth. The results present a clearer understanding of the joint 

determinants of cross-country growth rate. The results provide broad collaboration on studies 

on the impact of risk aversion and uncertainty on business cycle variables and on the link 

between growth and business cycle fluctuation. 

The interaction of risk aversion and uncertainty in influencing variability and consequently, 

an impact on growth should not be ignored in the business cycle and growth models. Our 

findings of positive effects of risk aversion and uncertainty on the variability of industrial 

production, investment and consumption complement studies which posit negative 

uncertainty impact on consumption, investment and output. The negative effect of these 

variability measures on growth also complements growth studies that indicate a negative 

relationship between growth volatility and growth rate. Thus, a proper link is established to 

bridge growth and business cycle dichotomy. 
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Appendix 

Variable Description 

Name Source 

Population (in millions) Penn World 

Index of human capital per person, based on years of schooling (Barro/Lee, 2012) and returns to education 

(Psacharopoulos, 1994) 

Penn World 

Gross domestic product based on purchasing-power-parity (PPP) per capita GDP (Current international dollar) IMF 

Average annual hours worked by persons engaged  

Average Annual Hours Worked by Persons Engaged for Province of China Taiwan 

Penn World 

St. Louis Fed 

http://stlouisfed.org/
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Economic data 

Real interest rate (%) for China World bank 

Total investment (Percent of GDP) IMF 

Volume of imports of goods and services (Percent change) IMF 

Volume of exports of goods and services (Percent change) IMF 

Total Consumption(household + government)  

Real interest rate (%)personal sector DataStream 

Industrial Production DataStream 

Real interest rate (%) for China World bank 

  Output-side real GDP at current PPPs (in mil. 2005US$)(initialRGDP)          Penn World 

Real GDP at constant 2005 national prices (in mil. 2005US$)        Penn World 

TFP at constant national prices (2005=1)         Penn World 

Capital stock at constant 2005 national prices (in mil. 2005US$)      Penn World 

Exchange rate, national currency/USD (market+estimated)        Penn World 

Total Consumption(household + government)  

Price level of household consumption,  price level of USA GDPo in 2005=1    Penn World 

Price level of government consumption,  price level of USA GDPo in 2005=1        Penn World 

 

 

 


