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Abstract: Hansen and Singleton(1982, 1983) estimated power utility function parameters by GMM using the US data. We apply the same method to Korean stock returns and consumption growth.

 We can see also the same “equity-premium” and “risk-free premium” puzzles in the results. 

 We try Hansen and Singleton(1983)’s alternative method of 2SLS to the estimation. But, the instruments are all weak, so instead we try the other available methods, GMM linear regression and ARDL. Estimation results shows that stock return, risk-free return and consumption growth in consumption CAPM are all forecastable, in contrast to Hansen and Singleton(1993). This forecastability implies the significance of risk-aversion and intertemporal substitution parameter.
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Ⅰ. Introduction

Investors consider uncertain rate of return when investing instead of consuming wealth(or income). Consumption CAPM model, which explains the expected rate of return of an asset, shows that the return is positively correlated with the level of consumption(or growth).
 In econometrics, GMM method is usually used when we do not know true distributions of random variables(e.g. error term). In contrast, maximum likelihood method is fully parametric.

Hansen and Singleton(1982, 1983) developed this method to intertemporal expected utility maximization problem of representative household. First, they estimated discount factor and relative risk aversion parameter by GMM. Second, they applied this approach to consumption CAPM model.
 In this paper, we report on some recent empirical attempts at comparing estimates of Korean household with that of them. Specially, we concentrate on the specification test for GMM model.

And, we ask whether “equity premium puzzle” is an artifact applied to only the US’s data or not.(Mehra and Prescott, 1985; Kochelakota, 1996)

This paper consists of the following sections. In section 2, we introduce the basic economic model and Euler equation and their implications. In this model, applying Korean data alos shows famous “equity premium puzzle”. In section 3, we see alternative methods that can estimate the parameters. So, we present more advanced model which explains the risk aversion and intertemporal substitution. In section 4, we give some summaries and conclude.
Ⅱ. Economic model for Intertemporal Equilibrium
2.1 Modelling Consumption Growth and Risk Aversion
 In this study, we model the relationship between consumption and the interest rate. Especially, in this section, we consider the determination of consumption considering the interest rate under certainty. Representative household maximizes discounted utility by selecting optimal consumption and saving(investing in risky and safe assets).
Hansen and Singleton(1982) used [(stock price + dividend)/ past stock price], as a real rate of return. In our model, we assume that agent has time-separable power utility.
<Fig. 1> Real risk-free rate(REALRCD, rtf), Stock returns(RATE2, rti) and Consumption Growth(CGROWTH, (Ct+1 )/(Ct)) of Korea(BOK)
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In a representative investor’s intertemporal consumption and portfolio choice problem, 1st order condition is as follows(Campbell et al, 1997)

Et [(1+rti)δU’’(Ct+1 )/U’(Ct)] =1

 We represent the utility of investor: U(C)=C 1-γ/1-γ
The estimable equation is:

Et [(1+rti)δ (Ct+1 / Ct) -γ] =1                  (1)
 We have no idea to estimate the parameters with some known distribution. So, we use GMM method proposed by Hansen and Singleton(1982). This intertemporal equilibrium model has advantage over standard CAPM model that it considers explicitly intertemporal substitution between consumption and saving(investment), not focusing only on two-period choice. 
 Et [ [(1+rti)δ (Ct+1 / Ct) –γ-1][ ( 1     ] =   [0

                         Ct / Ct-1)      0]

 This estimation model is also used to test Hall(1978)’s random walk theory of consumption under uncertainty of income. Hansen and Singleton(1992) revised this model into that of uncertain interest rate.
 We used quarterly data for consumption from 2000 Q1 to 2009 Q3 to estimate the parameters with GMM method. The estimation result shows that the discount factor is larger than 1(discount rate is minus) as in Hansen and Singleton(1983). But, the degree of risk aversion is quite larger than that of them. 
 GMM estimation minimizes the following criterion:
q=m*(β)’Wn m*(β)
m*(β)=(1/n)Σm(β)

 It is useful to use optimal weighting matrix that is the inverse of asymptotic cov. matrix of the moments.
Wn = Φ-1 = Var[ √n, m*]-1
 The estimator is also minimum distance estimator.(MDE) The main advantage of this estimation is that we need not ant specific distribution for returns and consumption.
<Tab. 1> Estimation of Utility Parameters
	
	
	Coeff
	SE
	t
	P-value

	KOR
	Discount Factor
	8.17
	1.54
	5.29
	0**

	(2000-2009 using KOSPI returns)
	Risk Aversion
	-12.35
	12.03
	-1.02
	0.3

	US
	Discount Factor
	1.01
	0.01
	117
	0**

	Hansen and Singleton(1992)
	Risk Aversion
	-3.41
	1.22
	-2.79
	0.01**

	US
	Discount Factor
	0.93
	0.02
	49.8
	0.00**

	Tauchen(1986)
	Risk Aversion
	1.37
	0.74
	1.84
	0.07*


2.2 The Equity Premium Puzzle 

 Now, we consider the relationship between the asset pricing and household consumption. Household maximize intertemporal utility by equating the current marginal utility to the expectation of discount value of the product of future marginal utility times rate of return. This mechanism is expressed in consumption CAPM model. The model asserts that risk premium(expected return – risk-free rate) is proportional to comsumption beta. Consumption beta is estimated by regressing the return of an asset on the consumption growth. It means that the expected return is positively correlated with the covariance between the return and consumption. We need to note that, in contrary, negative correlation holds between the return and stochastic discount factor, which is the ratio of (constant) discount factor times marginal utility of future consumption to marginal utility of current consumption. Once again, risk premium increases of a given asset if it covariate positively with consumption, or negatively correlated with marginal utility of consumption, since marginal utility is negatively correlated with consumption lecvel.
The advantage of consumption CAPM over the CAPM is that it considers investor’s multi-period maximization problem, not just the problem of two-period allocation.     
 Hansen and Singleton(1993) derived the following equation showing the relationship between risk-free rate, the standard deviation of consumption and the growth of consumption. This regression equation can be derived from (1), by taking logs. In this process, we use the relationship between expected values of return and consumption growth adjusted by standard deviations and covariance.
E[rt+1,i - rt+1f ]+ (σi 2 /2)] = γCov [rt+1,i , Δct+1]             (2)

rt+1f = - ln δ – (γ2 σc 2 /2)] + γEt [Δct+1]             (3)
We use real rate of return of CDs, in this paper as risk-free interest rate(rtf). CDs are money market instruments, and have high liquidity. That is, we get it by 

  R(real interest rate) = i(nominal rate) – π(inflation rate) 

These equations imply that household optimization under uncertainty for the rate of return considers not only allocation of consumptions but also the covariance between return and consumption. That is, investors(or consumers) do not care the risk of their assets, but its association with consumption(growth).
<Tab. 2> Moments of the Variables
	Kor

(2001Q1-2009Q3)
	Mean
	Var
	SD
	Cov. with consumption growth
	Corr. with consumption growth

	C growth
	0.009
	
	0.012
	0.0001
	1

	KOSPI return
	0.032
	0.015
	0.124
	0.0008
	0.549

	CD
	0.029
	
	0.014
	-0.000
	-0.292

	KOSPI-CD return
	0.0005
	
	0.1298
	0.0008
	0.561


Risk-free return is calculated by the (real) rate of return of 90-day CD. The mean of excess return of KOSPI is 0.05%.
The mean of KOSPI return is 3.2%. It’s volatiltity is 1.5%(variance). The covariance with consumption growth is 0.08.
The required value of γ that is needed to hold in equation (2) is 50! It’s excessive level of risk-aversion need to match data.(Mehra and Prescott, 1985) This is known to be equity-premium puzzle.  In Mehra and Prescott(1985) and Mankiw and Zeldes(1991), it was calculated 25 for the US data from 1890-1979. In Campbell et al.(1997), it was calculated 19 for the US data from 1889-1994. In Romer (2006), it was calculated 163 for the US data from 1979-2003.

The responses of other economists to equity-premium puzzles are transactions cost,(Mankiw 1986) more general utility function(Weil, 1989), Peso problem(Rietz, 1988) or habit formation.(Constantinides, 1990)

Et [rt+1i - rtf] + (σi 2 / 2) = γ Cov[r i, Δc]

0.032 + (0.015/2) = γ 0.0008

where the volatility term in RHS is Jensen’s inequality adjustment.
 We also can introduce the risk-free rate puzzle as follows.
Et [rtf] = - ln δ + γ g - (γ 2σc 2 / 2) 

0.029 = - ln δ  + 50* 0.09 -  (502 0.0122/2)

= - ln δ  + 4.5 -  (2500  0.0001 / 2 )

= - ln δ  + 4.5 -  0.18
ln δ = 4.03
 The mean of consumption growth is 0.9% and standard deviation is 1.2%. And, the mean of risk-free CD rate is 2.9% and risk aversion parameter is 50. So, discount factor is 56. This means that discount rate is minus. Weil(1989) calls this “risk-free rate puzzle”. The fact that consumers have minus discount rate means that they have little incentive to borrow.
 They(Korean consumers or investors) put importance on future consumption heavily. So, they do not want to borrow for current consumption.

Also, large value of risk aversion means small value of intertemporal substitution. Kandal and Stambaugh(1991) derived a risk-aversion coefficient of 29 in the US case.
Ⅲ. Alternative Estimation method : GMM for linear regression
3.1 GMM and over-identifying restrictions 

 We use GMM method proposed by Hansen and Singleton.(1982) 

 Et [ [(1+rti)δ (Ct+1 / Ct) –γ-1][ ( 1     ] =   [0

                         Ct / Ct-1)      0]

If we have more instruments than the number of parameters, GMM estimation method minimizes the weighted least squares. It gives more weight to the (sample) moments with smaller variances.
 If we have three sample moments mi,

(1/n) Σ [(1+rti)δ (Ct+1 / Ct) –γ-1][ ( 1     ] =   [0 = m1
                             Ct / Ct-1         0 = m2
zt)          0 = m3]           (4)
GMM estimation method minimizes w1m1 + w2m2 + w3m3. zt is any other instrument than lagged consumption growth.
As said above, this estimation model is also used to test Hall(1978)’s random walk theory of consumption. If zt is valid as instrument, it gives evidence against Hall’s theory than only current consumption (growth) is relevant for predicting future consumption.
Hansen and Singleton(1993) proposed the following equation for estimating the risk aversion parapeter γ. They derived the following equation showing the relationship between risk-free rate, the standard deviation of consumption and the growth of consumption. This regression equation can be derived from (1), by taking logs. In this process, we use the relationship between expected values of return and consumption growth adjusted by standard deviations and covariance.
rti = α + γ (Ct+1 / Ct) + ε
 (Ct+1 / Ct)  = β +  θ rti + ε’      (θ= 1/γ)
where, ε = [rti – E(rti )] - γ [(Ct+1 / Ct) - E (Ct+1 / Ct)] 

Sometimes, γ is known to be a consumption beta. Consumption CAPM model asserts that expected premium is proportional to consumption beta. This is interpreted as regression coefficient of returns on consumption growth. So, consumption beta may be the ratio of covariance between consumption growth and return to variance of consumption growth.
Firstly, we estimated the parameters following the model of Hansen and Singleton(1993). For, instrumental variable regression(2SLS), we first regressed the explanatory variables on the instrumental variables. Estimation result shows that in all cases, there are problems of weak instruments, which causes suffering large biases and standard errors. When this is the case, we denote “weak” in the table. It can be detected if t-statistic is less than 3.3 or F-statistic takes a value less than 10, in the regression of (endogeneous) variable on the (exogeneous) explanatory variable and instruments. Note that the increase in standard errors in 2SLS caused by weak instruments.
<Tab. 3> Esitimation of Parameters by Instrumental Variables Estimation
	
	1st regression
	
	2SLS
	

	
	Dep
	r
	Δc
	gamma
	theta

	Cd
	inst.
	Dc(-1)
	cd(-1)
	dc(-1)
	cd(-1)

	
	Coeff.
	0.395
	-0.338
	-0.59
	-1.686

	
	R2
	0.117
	0.17
	0.058
	-2.982

	
	F
	0.048
(weak)
	0.017
(weak)
	0.259
	0.259

	Kospi
	inst.
	dc(-1)
	kospi(-1)
	dc(-1)
	kospi(-1)

	
	Coeff.
	1.572
	0.031
	0.692
	1.444

	
	R2
	0.022
	0.119
	-0.705
	-3.784

	
	F
	0.393
(weak)
	0.041
(weak)
	0.376
	0.376


So, then, we estimate the parameter by GMM. The advantage of this alternative method is that it need not any specific distribution on the error term. It just minimizes given criterion function, and produces consistent estimators.
 
The J-statistics is used to test overidentifying restriction of IVs. The null hypothesis is that additional IVs are valid. It is sometimes called as the Sargan test. The logic of this test is that if we obtain residuals from IV estimation, then all instruments have no explanatory power for these residuals. If the number times R square is large for this regression, then we conclude that the hypothesis of validity of instruments should be rejected. 
In regression of (real) risk-free rate on consumption growth, we used as instruments 1) first and second lagged interest rates, and 2) first and second lagged interest rates, stock returns and consumption growth.<Table 4>
 In the second case, J-test shows that overidentifying restriction is not rejected. That means that additional instruments are valid. In this second case, γ is estimated -0.47.

 <Table 4> shows evidence of forecastability of real risk-free(CD) rate of return with 6 instrumental variables.

 Hansen and Singleton(1983) explicitly assumed restrictions on the joint distribution of consumption and asset returns.

<Tab. 4> GMM Estimation for Linear Regression

	Dependent Variable: REALRCD
	
	

	Method: Generalized Method of Moments
	

	Instrument list: REALRCD(-1) REALRCD(-2)
	

	
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	C
	0.037403
	0.004390
	8.519542
	0.0000**

	CGROWTH
	-0.844818
	0.366770
	-2.303401
	0.0284**

	R-squared
	-0.050320
	    Mean dependent var
	0.029133

	Durbin-Watson stat
	1.424931
	    J-statistic
	0.007183**


	Dependent Variable: REALRCD
	
	

	Method: Generalized Method of Moments
	

	Instrument list: CGROWTH(-1) RATE(-1) CGROWTH(-2) RATE(-2)

	        REALRCD(-1) REALRCD(-1)
	

	
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	C
	0.032555
	0.00398
	8.178974
	0**

	CGROWTH
	-0.470645
	0.25913
	-1.816251
	0.079*

	R-squared
	0.081032
	    Mean dependent var
	0.02931

	Durbin-Watson stat
	1.499372
	    J-statistic
	0.168063


	Dependent Variable: RATE
	
	

	Method: Generalized Method of Moments
	

	Instrument list: RATE2(-1) RATE2(-2) 
	

	
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	
	
	
	
	

	C
	-0.052202
	0.022474
	-2.322825
	0.0263**

	CGROWTH
	8.236762
	2.735449
	3.011119
	0.0049**

	Durbin-Watson stat
	1.876741
	    J-statistic
	0.001553**


	Dependent Variable: RATE
	
	

	Method: Generalized Method of Moments
	

	Instrument list: RATE(-1) REALRCD(-1) CGROWTH(-1) RATE(-2)

	        REALRCD(-2) CGROWTH(-2) 
	

	
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	C
	-0.047840
	0.017890
	-2.674108
	0.0120**

	CGROWTH
	10.56305
	1.595497
	6.620538
	0.0000**

	Durbin-Watson stat
	1.993613
	    J-statistic
	0.152334


The forecastability of risk-free return and stock returns(and not rejecting J-statistics when using 6 instruments including 5 surplus instruments) in GMM estimation for returns implies that degree of risk aversion is significant.
3.2 ARDL and SUR Estimation
In general, there are some approaches that model dynamic aspects of time-series data: AR(1) error, finite distributed lag(DL) and AR(p) model.(Hill et al., 2008) An autoregressive distributed lag[ARDL(p,q)] model is one that include lagged explanatory variable (q lags of x) and lagged dependent variable(p lags of y). It can be transformed into infinite DL model. And, it corrects autocorrelation problem of finite DL model. The main concern in ARDL is determining the values(lags) of p and q. Usually AIC or BIC is used to determine optmal lags.
Pesaran et al.(2001) use ARDL approach(Pesaran and Shin, 1999) to estimate a conditional unrestricted equilibrium correction model(ECM). In reality, (Vector) EC is a special form of VAR. It relates nonstationary series with lagged other and own nonstationary variables.

An ARDL(p, q) is expressed as:

y t=ß + ß(0) x t + ß(1) x t-1 + ß(2) x t-2 …+ ß(q) x t-q 
+θ(1)y t-1+θ(2)y t-2+θ(3)y t-3+…θ(p)y t-p  +e t                    (5)  
 Generally, the error correction model is known to be reparameterization of this ARDL model. But, ARDL model in this paper and Pesaran(2001) is somewhat different from this general model. They denote one modeling approach to estimate ECM of average inflation, given the level relationship.(Pesaran and Shin, 1999)

Generally, the values for p, q and r in an ARDL(p, q, r) model are chosen by two standards. First, we should check whether the resulting residuals correlated. Second, we see whether the coefficient estimates are statistically significant.
 The main advantage of ECM is that it not only shows how much consumption changes to a change in the regressor(cointegration part; difference with linear combination of interest rate), but also examine the speed of this change(EC part).

From <Table 5>, we can see consumption growth and returns are forecastable by ARDL(2,2) model. Risk- free rate and stock return have predictive power for consumption growth. For example, an 0.01 increase in one-year lagged risk-free rate increases consumption growth by 0.39. The effect on consumption growth of the short-run interest is larger than that of long-run rate. The significance of parameres also implies the model fit into error correction model.
<Tab. 5> ARDL Estimation for Linear Regression
	Dependent Variable: ΔC
	
	
	Dependent Variable: ΔC
	
	

	
	Coefficient
	Std. Error
	t-Statistic
	Prob.  
	
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	C
	0.013582
	0.007089
	1.915994
	0.066*
	C
	0.005423
	0.00266
	2.038538
	0.0504*

	CGROWTH(-1)
	0.146922
	0.208686
	0.704035
	0.4874
	CGROWTH(-1)
	0.254974
	0.188606
	1.351888
	0.1865

	CGROWTH(-2)
	0.225426
	0.213915
	1.053812
	0.3013
	CGROWTH(-2)
	0.158846
	0.185721
	0.855296
	0.3992

	REALRCD(-1)
	-0.390406
	0.172029
	-2.269416
	0.0314**
	RATE(-1)
	0.025639
	0.015775
	1.625282
	0.1146

	REALRCD(-2)
	0.106254
	0.155233
	0.684479
	0.4995
	RATE(-2)
	-0.038789
	0.016073
	-2.413257
	0.0221**

	Dependent Variable: REALRCD
	
	
	Dependent Variable: RATE
	
	

	
	Coefficient
	Std. Error
	t-Statistic
	Prob.  
	
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	C
	0.010975
	0.008797
	1.247486
	0.2229
	C
	0.011035
	0.030088
	0.366767
	0.7164

	CGROWTH(-1)
	0.604759
	0.258995
	2.33502
	0.0272**
	CGROWTH(-1)
	2.114279
	2.133067
	0.991192
	0.3295

	CGROWTH(-2)
	-0.043651
	0.265485
	-0.164419
	0.8706
	CGROWTH(-2)
	0.37187
	2.100439
	0.177044
	0.8607

	REALRCD(-1)
	0.344117
	0.213501
	1.61178
	0.1186
	RATE(-1)
	0.146276
	0.178412
	0.819879
	0.4188

	REALRCD(-2)
	0.107284
	0.192656
	0.556867
	0.5822
	RATE(-2)
	-0.380407
	0.181782
	-2.09265
	0.0449**


	Hansen and Singleton(1983): strongly forecastable(CP rate, -), weekly forecastable(stock return, -), not forecastable(C growth, -)


In most of the error correction medels, the adjustment terms have significantly expected sign. 
<Tab. 6> Error Correction Estimation for Linear Regression( [] denotes corresponding t-statistics)
	 Vector Error Correction Estimates

	Cointegrating Eq: 
	CointEq1
	

	
	
	

	
	
	

	CGROWTH(-1)
	 1.000000
	

	REALRCD(-1)
	 0.783698
	

	
	[ 1.79254]*
	

	C
	-0.031343
	

	
	
	

	
	
	

	Error Correction:
	D(CGROWTH)
	D(REALRCD)

	
	
	

	
	
	

	CointEq1
	-0.609011
	 0.194072

	
	[-2.66101]**
	[ 0.59864]

	D(CGROWTH(-1))
	-0.270961
	 0.480603

	
	[-1.19756]
	[ 1.49953]

	D(CGROWTH(-2))
	-0.181708
	 0.261738

	
	[-0.84427]
	[ 0.85853]

	D(REALRCD(-1))
	 0.062926
	-0.527857

	
	[ 0.29559]
	[-1.75048]*

	D(REALRCD(-2))
	 0.058835
	-0.259319

	
	[ 0.28374]
	[-0.88287]

	C
	-0.000326
	-0.001028

	
	[-0.16338]
	[-0.36349]


	 Vector Error Correction Estimates

	Cointegrating Eq: 
	CointEq1
	

	
	
	

	
	
	

	CGROWTH(-1)
	 1.000000
	

	RATE2(-1)
	 0.666626
	

	
	[ 3.65153]**
	

	C
	-0.028787
	

	
	
	

	
	
	

	Error Correction:
	D(CGROWTH)
	D(STOCK)

	
	
	

	
	
	

	CointEq1
	-0.074934
	-1.712037

	
	[-1.83674]*
	[-3.92652]**

	D(CGROWTH(-1))
	-0.427794
	 4.532071

	
	[-2.27144]**
	[ 2.25159]**

	D(CGROWTH(-2))
	-0.441610
	 4.354699

	
	[-1.87317]*
	[ 1.72831]*

	D(CGROWTH(-3))
	-0.210809
	 3.526832

	
	[-0.84698]
	[ 1.32584]

	D(RATE(-1))
	 0.076584
	 0.384074

	
	[ 3.36243]**
	[ 1.57782]

	D(RATE(-2))
	 0.021079
	-0.059678

	
	[ 1.02389]
	[-0.27124]

	D(RATE(-3))
	 0.046572
	 0.271163

	
	[ 2.68070]**
	[ 1.46042]

	C
	-0.000703
	-0.002242

	
	[-0.38100]
	[-0.11364]


Finally, we apply Seemingly Unrelated Regression(SUR) to the set of data. This method considers correlation of errors between equations. All coefficients are significant, which implies the validity of power utility function and risk-aversion parameters. It is worth noting that the corr. of the errors are positive between consumption growth and risk-free returns and negative between consumption growth and stock returns. The advantage of SUR(or joint estimation) is efficiency gain. 
<Tab. 7> SUR Estimation for Linear Regression
	Estimation Method: Seemingly Unrelated Regression
	
	Estimation Method: Seemingly Unrelated Regression
	
	

	
	Coefficient
	Std. Error
	t-Statistic
	Prob.  
	
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	C(1)
	0.035 
	0.003 
	12.479 
	0.000** 
	C(1)
	-0.069 
	0.023 
	-2.944 
	0.004** 

	C(2)
	-0.624 
	0.183 
	-3.419 
	0.001** 
	C(2)
	9.225 
	1.516 
	6.084 
	0.000** 

	C(3)
	0.023 
	0.004 
	5.187 
	0.000** 
	C(3)
	0.008 
	0.002 
	5.062 
	0.000** 

	C(4)
	-0.464 
	0.136 
	-3.419 
	0.001** 
	C(4)
	0.066 
	0.011 
	6.084 
	0.000** 

	Equation: REALRCD =C(1)+C(2)*CGROWTH
	
	
	Equation: RATE =C(1)+C(2)*CGROWTH
	
	

	Equation: CGROWTH =C(3)+C(4)*REALRCD
	
	
	Equation: CGROWTH =C(3)+C(4)*RATE
	
	


	Corr.
	REALRCD
	CGROWTH

	REALRCD
	1
	0.717613

	CGROWTH
	0.717613
	1


	Corr.
	RATE2
	CGROWTH

	RATE2
	1
	-0.91696

	CGROWTH
	-0.91696
	1


Ⅳ. Summary and conclusion

The main finding of this analysis is that power utility function is fitted well to the Korean data set. It means that risk-aversion and intertemporal substitution parameters are significant. So, we can forecast the expected return(or risk premium), if we know(or predict accurately) future path of consumption.
Some related issues with this model are: equity(and risk-free rate) premium puzzle, random walk theory of consumption, power utility function and consumption CAPM. We focused on the parameters of power utility function. But, all these issues are closely related. More sophisticated research is needed in future research.
Through intertemporal equilibrium model estimation, we can find the following specific facts.
1) The risk premium for stock holding is explained by consumption growth.
2) We can also find the equity premium and risk-free rate puzzles in Korean data.
3) We find the predictive power for risk-free rate. This means that risk-aversion parameter is significant and (relatively) large.

4) We also find the explanatory power for consumption growth. This implies significant intertemporal substitution parameter.(that is the inverse of risk-aversion parameter) 

Recently, behavioral financial economists provide loss aversion propensity of investors as the (theoretical) foundation of these puzzles.(Benartzi and Thaler, 1995) Investors do not avoid risk but loss. They explain the puzzles as the phenominon of loss aversion of investors, not volatility aversion. 
Finally, we should note that our econometric analysis is closely related with Hall(1978)’s random walk theory of consumption. His theory asserts that no lagged income or consumption variables have predictive power for consumption change. His own empirical analysis shows corresponding outcomes. But, similar to ours, he found that lagged stock price movements have predictive power for consumption change. The interpreteation for this result is very important. 
Consumption change responds to stock returns due to the significant intertemporal substitution parameter. In this study, we find this fact from Korean data, and this result is contrasted with that of the US data, which concludes as unforecastable by stock returns.(Hansen and Singleton 1983, Campbell et al. 1997)
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<Appendix>

1. Moments of Variables
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Series: CGROWTH

Sample 2000Q1 2009Q3

Observations 38

Mean        0.009118

Median    0.009504

Maximum   0.030233

Minimum  -0.034667

Std. Dev.    0.011336

Skewness   -1.087467

Kurtosis    7.397612

Jarque-Bera  38.10977

Probability  0.000000
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Series: RATE2

Sample 2001Q1 2009Q3

Observations 35

Mean        0.032241

Median    0.050738

Maximum   0.272842

Minimum  -0.309806

Std. Dev.    0.124345

Skewness   -0.630588

Kurtosis    3.192631

Jarque-Bera  2.373688

Probability  0.305183
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Series: REALRCD

Sample 2001Q1 2009Q3

Observations 34

Mean        0.029277

Median    0.029529

Maximum   0.050901

Minimum  -0.024670

Std. Dev.    0.013853

Skewness   -1.733260

Kurtosis    7.977646

Jarque-Bera  52.12444

Probability  0.000000


2. RATS Program for GMM
*

* GIV.PRG

* Manual Example 7.2

*

calendar(q) 1960:1

open data gmm4.xls

*

data(format=xls,org=cols) 2000:1 2009:3 consump realrcd rate2

*

set consgrow = consump/consump{1}

set realret  = rate2

*

table

nonlin discount riskaver

frml h = discount*realret(t)*consgrow(t)**riskaver-1

compute discount = .99,riskaver = -.95

*

* Estimate the model with six lags in the information set

*

instruments constant consgrow{1 to 6} realret{1 to 6}

nlls(inst,frml=h,optimal) *

*
3. Asset of Real Estate

<Tab> Moments of the Variables
	Kor

(2001Q1-2008Q2)
	Mean
	Var
	SD
	Cov. with consumption growth
	Corr. with consumption growth

	C growth
	0.009
	
	0.012
	0.0001
	1

	Real Estate return(Residential)
	0.010
	0.0002
	0.15
	4.77E-05
	0.495


Et [rt+1i - rtf] + (σi 2 / 2) = γ Cov[r i, Δc]

(0.010-0.029) + 0.0001 = γ 0.00005
γ = -0.003
Recently, Korean investors(consumers) put their money into the assets of real estate(residential) insread of equity or bonds. This is called as so-called “stock economization”. With regard to this kind of assets, premium puzzle does not occur, due to no covariance with consumption growth.
4. Test of Random Walk of Consumption
 Simple unit-root test for consumption level shows the nonstationarity of consumption. This supports Hall’s random walk theory of consumption

	Null Hypothesis: LOG(CONSUMP) has a unit root

	Exogenous: Constant, Linear Trend
	

	Lag Length: 0 (Automatic based on SIC, MAXLAG=9)

	
	
	
	t-Statistic
	  Prob.*

	Augmented Dickey-Fuller test statistic
	-1.743183
	 0.7120

	Test critical values:
	1% level
	
	-4.219126
	

	
	5% level
	
	-3.533083
	

	*MacKinnon (1996) one-sided p-values.
	


� The increase in the variance of consumption affects risk-free rate through precautionary saving.


� This method is different from 2SLS, but, similar to standard IV method. Note that 2SLS is a special case of IV estimation.


� Hereafter, we denote (risk-free) CD return and KOSPI return as REALRCD, RATE, respectively, in estimation tables.


� An autoregressive distributed lag(ARDL) model is one including both lagged explanatory variables and dependent variables. ARDL model can be transformed to an infinite distributed lag model. 
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