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I. Introduction 

The contribution of this paper is to address the welfare benefits of eliminating shocks to household 

consumption growth in a novel way and report welfare benefits substantially higher than benefits 

earlier reported in the literature. I report that the benefits of eliminating all idiosyncratic shocks 

are 52.3% of the utility of a member of a household. This can be more concretely characterized by 

saying that the welfare gain is equivalent to that associated with an increase in the path of a 

consumer’s level consumption by 52.3%, state by state, date by date. The welfare benefits of 

eliminating idiosyncratic shocks unrelated to the business cycle are 47.3% of utility while the 

welfare benefits of eliminating idiosyncratic shocks related to the business cycle are 3.4% of 

utility. The major implication is that the policy debate should focus on insuring idiosyncratic 

shocks unrelated to the business cycle, such as the death of a household’s prime wage earner and 

job layoffs not necessarily related to recessions. 

There are several reasons why my welfare estimates are substantially higher than earlier 

estimates. First, my model distinguishes between idiosyncratic shocks related to the business cycle 

and shocks unrelated to the business cycle, unlike the earlier literature which does not draw such 

distinction. For example, the death of the prime wage-earner in the household is unrelated to the 

business cycle while the loss of employment is more likely to occur during a recession. Second, I 

recognize that idiosyncratic consumption shocks are highly negatively skewed. The welfare 

implications of highly negatively skewed idiosyncratic shocks are magnified by the fact that 

marginal utility is high when consumption is low. Third, the calibration of the welfare benefits is 

based on parameters obtained by estimating the model using household-level consumption data 

from the Consumer Expenditure Survey (CEX) and explicitly targeting moments of idiosyncratic 

consumption. Fourth, I assume that households are responsive to long-run risks by having Epstein-

Zin preferences. Finally, I incorporate information from the market by targeting the moments of 

the interest rate, asset prices, and dividends in the estimation, in addition to the moments of 

aggregate and household consumption growth. 

I report that the welfare benefits of eliminating all shocks to aggregate consumption growth 

around trend are 7.7% of utility. While small compared to the benefits of eliminating idiosyncratic 

shocks, they are higher than most estimates in the literature. There is a caveat to the welfare 

benefits of eliminating shocks to aggregate consumption growth reported in this paper and in the 
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cited literature. The results are in the context of exchange economies that ignore the disruption in 

production during recessions and, therefore, underestimate the welfare costs. 

Literature Review. I build on a large literature on the welfare costs of fluctuations in 

consumption originated by Lucas (2003) in his presidential address to the American Economic 

Association in which he argues that the cost of business cycle fluctuations is negligible: 

[A] single consumer is magically relieved of all consumption variability about trend. How 

much average consumption would he be willing to give up in return? About one-half of 

onetenth of a percent, I calculate.” 

The ensuing literature addresses Lucas’ (2003) key assumptions in reaching this conclusion. The 

first is the existence of a representative household, an assumption that is justified if there is 

complete consumption insurance of idiosyncratic shocks. The second assumption is that aggregate 

consumption shocks are serially uncorrelated. The third assumption is that preferences are time 

separable and isoelastic. 

The paper draws on several strands of the literature. It draws on the empirical evidence by 

Attanasio and Davis (1996), Blundell, Pistaferri, and Preston (2008), Brav, Constantinides, and 

Geczy (2002), and Cochrane (1991) that households face a substantial amount of uninsurable 

idiosyncratic labor income risk and consumption insurance is incomplete. Davis and von Wachter 

(2011), Jacobson, LaLonde, and Sullivan (1993), Kletzer and Fairlie (2003), and Ruhm (1991) 

show that people who are laid off in recessions can see average declines in lifetime income between 

9% and 30%. 

It draws on the literature that examines the welfare costs of business cycles in economies 

with idiosyncratic consumption shocks and incomplete consumption insurance. Some researchers 

find that the welfare costs of business cycles are small. Atkeson and Phelan (1994) show that the 

potential welfare gains from eliminating the correlation in households’ income risk in a given 

environment is smaller when markets are incomplete than when markets are complete and argue 

that the potential welfare gains from a countercyclical policy are essentially zero. Berger et al. 

(2019) show in calibration that welfare may increase by at least 1% of lifetime consumption when 

the central bank’s policy rule responds to the layoff rate instead of purely targeting inflation. 

Imrohoroglu (1989) finds that the welfare cost of business cycles, as a percentage of consumption, 

is about 0.08-1.5%. Krusell, Mukoyama, Şahin, and Smith (2009) and Krusell and Smith (1999) 
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find that the overall cost of business cycles is small but that there are large differences across 

household groups. Others find that the welfare costs of business cycles are large. Beaudry and 

Pages (2001) and Storesletten, Telmer, and Yaron (2001) report higher estimates of the cost but 

only for households that have no wealth. Krebs (2007) finds a higher cost of 7.5% for all 

households under the assumption that earnings shocks are permanent. 

The paper relates to the literature by Dolmas (1998), Epaulard and Pommeret (2003), 

Obstfeld (1994), Otrok (2001), Pemberton (1996), and Tallarini (2000) that relaxes the assumption 

that preferences are time separable and isoelastic. The assumption that aggregate consumption is 

serially uncorrelated is relaxed in many of these papers and is highlighted by Reis (2009). 

The paper relates to Alvarez and Jermann (2004) and Ghosh, Julliard, and Stutzer (2019) 

who extract estimates of the cost of aggregate consumption fluctuations from the prices of financial 

assets. Ghosh, Julliard, and Stutzer (2019) report costs as high as 3%. Barro (2009) finds that the 

welfare cost of rare disasters is 20% of GDP in a model in which the one-year drop in aggregate 

consumption is calibrated to match the observed average four-year drop in aggregate consumption. 

The welfare cost is substantially lower if the one-year drop in aggregate consumption is calibrated 

to match the observed average one-year drop in aggregate consumption. 

The paper also draws on the literature that highlights the importance of idiosyncratic shocks 

in the pricing of financial assets by Brav, Constantinides, and Geczy (2002), Constantinides and 

Duffie (1996), Constantinides and Ghosh (2017), Huggett (1993), Mankiw (1986), and 

Storesletten, Telmer, and Yaron (2004). Finally, the paper draws on the literature that highlights 

the importance of idiosyncratic consumption shocks in macroeconomics, for example, Kaplan, 

Moll, and Violante (2018), Kaplan and Violante (2014), and Krusell and Smith (1998). 

The paper is organized as follows. In Section II, I describe the economy, data, and 

estimation of the model. In Section III, I present the welfare benefits of eliminating various shocks 

to consumption growth. I conclude in Section IV. Proofs are relegated to the online appendices. 
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II. The Economy, Data, and Estimation 

II.1 The economy 

I model an exchange economy. As in Bansal and Yaron (1984), the conditional expectation of 

aggregate consumption growth and dividend growth depend on the state of the business cycle. This 

feature provides a framework for addressing the welfare benefits of smoothing fluctuations of 

aggregate consumption growth along the business cycle and around trend. As in Constantinides 

and Duffie (1996) and Constantinides and Ghosh (2017), consumers are heterogeneous with 

uninsurable and persistent idiosyncratic consumption shocks. This feature allows me to compare 

the welfare benefits of smoothing fluctuations of aggregate consumption growth to the welfare 

benefits of smoothing idiosyncratic shocks to consumption growth that are either dependent on the 

business cycle or independent of the business cycle. I find that the welfare benefits of smoothing 

idiosyncratic shocks that are independent of the business cycle are far greater than the welfare 

benefits of smoothing aggregate consumption shocks. 

Households have identical recursive preferences as in Epstein and Zin (1989) and Weil 

(1990): 

( )( ) ( )( )
( )1/ 1 1/1 1/

11 1/ 1
, 11it it t i tU C E U

ψψ
γψ γδ δ

−−
−− −

+

   = − +    
,  (1) 

where δ  is the subjective discount factor, γ  is the relative risk aversion coefficient (RRA), and 

ψ  is the elasticity of intertemporal substitution (EIS). These preferences capture long run risks in 

consumption and dividends. 

In the welfare analysis, I set the EIS to be equal to one, 1ψ = , because I estimate the EIS to 

be one. The model fit is insensitive as to whether the EIS is greater or lower than one and sidesteps 

the controversy on this issue. Furthermore, I show in the online Appendix B.2, that the utility is 

insensitive to small deviations of the EIS from one. With 1ψ = , household preferences simplify as 

( ){ }1 11
, 1 .it it t i tU C E U

δ
γ γδ − −−

+
 =
 

    (2) 



5 
 

Next, I describe the processes of post-trade consumption. Alternatively, these processes 

may be viewed as the processes of aggregate and household income in a no-trade equilibrium as 

in Constantinides and Duffie (1996, Proposition 1). Aggregate consumption at date t is denoted by

tC , log consumption by ( )logt tc C≡ , and consumption growth by 1 1t t tc c c+ +∆ ≡ − . I assume that the 

process of aggregate consumption growth is 

( )1 , 1,t a a t a a tc x xµ β σ ε+ +∆ = + − +     (3) 

where ( )0,1 and . . .at N i i dε  , tx is a state variable that tracks the business cycle, x  is its 

unconditional mean, aµ is the unconditional mean of consumption growth, and aσ  is the 

conditional volatility of consumption growth. The term ( )a tx xβ − captures the dependence of 

consumption growth on the business cycle and is a persistent shock. The term , 1a a tσ ε +  captures 

transient shocks. This specification of aggregate consumption growth is consistent with empirical 

evidence reported by Reis (2009, Table 2) and differs from the specification by Lucas (1987, 2003) 

who assumes that the level of aggregate consumption is serially uncorrelated. 

Some properties of idiosyncratic income shocks are well known. People who are laid off 

in recessions can see average declines in lifetime income between 9% and 30%. Furthermore, 

Guvenen, Karahan, Ozkan, and Song (2016) report that, in a given year, most individuals 

experience small earnings changes and a small number experience large changes. I do not model 

idiosyncratic income shocks and do not contribute to the extensive literature on the extent to which 

idiosyncratic income shocks are transmitted to consumption. Instead, I directly model idiosyncratic 

consumption shocks. 

The incidence of an idiosyncratic consumption shock on a particular household is 

infrequent but its size is big. I model these shocks as permanent.1 Households are sensitive to 

permanent shocks because these are long run risks captured with the assumed Epstein-Zin 

                                                           
1 Ideally, I should be modelling and estimating both transient and permanent idiosyncratic consumption shocks 
because the omission of transient shocks may bias the welfare implications of permanent shocks. This cannot be 
accomplished with CEX data because CEX is a cross-sectional data base that provides consumption data on each 
household for only five consecutive quarters of which only the last four quarters are reliable. Since 1999, the Panel 
Study of Income Dynamics (PSID) has been collecting data on transportation, health care, education, utilities, and 
childcare expenditures, in addition to data collected earlier on food and housing expenditures. Being a longitudinal 
data base, it may be used to estimate both transient and permanent idiosyncratic consumption shocks. 
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preferences. There is a continuum of households. Consumption at date t of household i is denoted 

by ,itC  log consumption by ( )log ,it itc C≡  and consumption growth by , 1 , 1 .i t i t itc c c+ +∆ ≡ −  I assume 

that idiosyncratic shocks to consumption growth are drawn from the same distribution across 

households, an assumption that needs to be relaxed in future research. 

I distinguish between idiosyncratic shocks to consumption growth that are related to the 

business cycle and shocks that are unrelated to the business cycle. To this end, I model 

idiosyncratic consumption growth as the sum of three terms, as 

( )     ( )21/21/2 2
, 1, 1 1 , 1 , 1 , 1 , 1 , 1/ 2 / 2 ,i ti t t i t i t i t i t i tc c j j j jση σ ση σ++ + + + + + +∆ = ∆ + − + −   (4) 

where the random variables ( ), 0,1i s Nη   and  ( ), 0,1i s Nη  are i.i.d. and independent of all 

primitive random variables in the economy. The second and third terms represent permanent 

shocks to idiosyncratic consumption growth and this approximates the property that I wish to 

impart to the model that the shocks are persistent, consistent with empirical evidence. As shown 

in Constantinides and Duffie (1996), the joint assumptions that the number of households is infinite 

and the consumption shocks are symmetric across households allow me to apply the law of large 

numbers and show that the identity it ti
C C=∑  is respected because [ ] .it it ti

C E C C= =∑  

If the terms , 1i tj +  and  , 1i tj +  were constant, then the idiosyncratic shocks , 1 1i t tc c+ +∆ − ∆ would be 

normally distributed and would miss the negative skewness observed in the data. The negative 

skewness is important because marginal utility is high upon the incidence of a negative shock and 

these shocks have a bigger effect on welfare than positive idiosyncratic shocks do. To this end, I 

assume that the random variable ,i sj has a Poisson distribution with ( ), / !,t n
i t tprob j n e nω ω−= =

( ) ( ), ,0,1,..., , vari t i t tn E j j ω= ∞ = = , ( ) 1/2
,skewness , andi t tj ω−=  independent of all primitive 

random variables in the economy. I define ( )( )21 /2 1t tx e γ γ σ ω− −≡ − . Hereafter I refer to tω  and tx

interchangeably as the state variable because I estimate γ to be slightly greater than one and, 

therefore, tω  and tx have the same sign. Likewise, the random variable  ,i tj has a Poisson 
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distribution with ( ) 



, / !, 0,1,...
n

i tprob j n e n nωω−= = = ∞ , ( ) 

,i tE j ω= , independent of all primitive 

random variables in the economy and where ω is a parameter. 

The state variable tω has the natural interpretation as a countercyclical business cycle 

variable for a number of reasons. First, the variance of the idiosyncratic consumption shocks is 

( )  ( ) 2 4, 1 1 2 4
2 1 1

,

/
log | / 4 / 4

/
i t t

t t
i t t

C C
C C

µ ω σ σ ω σ σ ω+ +
+ +

  
= + + +      

   (5) 

and is increasing in tω . Second, the negative skewness of the idiosyncratic consumption shocks is 

( )  ( ) 4 6, 1 1 4 6
3 1 1

,

/
log | 3 / 2 / 8 3 / 2 / 8

/
i t t

t t
i t t

C C
C C

µ ω σ σ ω σ σ ω+ +
+ +

  
= − + − +      

  (6) 

and is increasing in tω , consistent with Guvenen, Ozkan, and Song (2014) who find that the 

skewness of idiosyncratic income shocks is strongly countercyclical. Finally, both in the model 

and in the data the risk free rate and expected market return are increasing in tω  while the price-

dividend ratio of the market is decreasing in tω . 

I assume that tx  follows the heteroscedastic AR(1) process 

( ) 1/2
1 , 11 ,t t t x tx x x xρ ρ ε+ += − + +     (7) 

where ( )2
, 0, , 0,  and 0< 1.x t xN xε σ ρ> <  

Finally, I assume that the log dividend growth of the stock market follows the process 

1 , 1t d d t d d td xα β σ ε+ +∆ = + + ,     (8) 

where ( ), 1 0,1d t Nε +  is independent of all primitive random variables. The term d txβ captures the 

dependence of dividend growth on the business cycle. 
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II.2 Data 

I estimate and test the model with quarterly consumption data from 1982:Q1 to 2019:Q4 and with 

annual consumption data from 1929 to 2019. The household-level quarterly consumption data 

come from the Consumer Expenditure Survey, produced by the Bureau of Labor Statistics from 

1980:Q1 to the present but I use data only from 1982:Q1 and limit my empirical study to urban 

households as this data subset is more reliable. I do not use income data from the PSID because 

this requires an examination of the extent to which income shocks are transmitted to consumption, 

studied by Blundell, Pistaferri, and Preston (2008) and others, but outside the scope of the present 

study. 

For each household, I proxy consumption by the sum of nondurables and services 

consumption (NDS), using the National Income and Product Accounts classification of NDS. 

Households are grouped in three tranches. The first tranche contains households that report 

quarterly consumption from January to March and the subsequent four quarters. The second (third) 

tranche contains households that report quarterly consumption from February to April (from 

March to May) and the subsequent four quarters. I include only the last four quarters because these 

are the most reliable ones. I present estimation results for the January tranche and the combined 

tranches. Since the quantity of interest here is relative household consumption growth,

, 1 1

,

/
log

/
i t t

i t t

C C
C C

+ + 
  
 

, it is unnecessary to either deflate or seasonally adjust consumption. The input 

to the model is per capita consumption and not household consumption. Per capita consumption is 

household consumption, divided by the average number of family members of all households in 

that quarter. 

I use monthly data on market prices and dividends provided by the Center for Research in 

Security Prices value-weighted index of all stocks on the NYSE, AMEX, and NASDAQ from 

1929 to 2019. The annual nominal market return is the sum of the price at the end of the year and 

the uncompounded dividends over the year, divided by the price at the beginning of the year. The 

real market return is the nominal return, deflated by the realized growth in the consumer price 

index. The annual price-dividend ratio of the market is the market price at the end of the year, 

divided by the sum of dividends over the previous twelve months. The real dividend growth rate 
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is the sum of dividends over twelve months, divided by the sum of dividends over the previous 

twelve months, deflated by the realized growth in the consumer price index. 

The realized real quarterly risk-free rate is the quarterly nominal yield on three-month 

Treasury bills, deflated by the realized growth in the consumer price index. The ex-ante quarterly 

risk-free rate is then obtained as the fitted value from the regression of the realized real quarterly 

risk-free rate on the three-month nominal yield and the realized growth in the consumer price index 

over the previous year. Finally, the ex-ante quarterly risk-free rate at the beginning of the year is 

annualized to obtain the ex-ante annual risk-free rate. 

 

II.3 Estimation 

The model has fifteen parameters: the mean, aµ , volatility, aσ , and dependence on the business 

cycle, aβ ,of aggregate consumption growth; the three parameters of idiosyncratic consumption 

shocks,  , ,  and σ σ ω ; the three parameters of the dynamics of the state variable, , , and xx σ ρ ; the 

three parameters governing the dynamics of aggregate dividend growth, , ,  and ;d d dα β σ and the 

three preference parameters, the subjective discount factor, δ , the relative risk aversion coefficient 

(RRA), γ , and the elasticity of intertemporal substitution (EIS), ψ . 

I estimate the model with GMM at the quarterly frequency from 1982:Q1 to 2019:Q4 to 

match the following eighteen moments: the mean, variance, and autocorrelation of aggregate 

consumption growth, dividend growth, risk free rate, market return, and price-dividend ratio; and 

the mean, variance, and third central moment of the cross-sectional distribution of household 

consumption growth relative to aggregate consumption growth. These moments are presented in 

the online Appendix A. The weights of the weighting matrix are chosen to provide the best overall 

fit. 

I present the estimation results for the January tranche of household consumption in Table 

1. The model fits well the moments of the risk-free rate. It fits well the mean and autocorrelation 

of the market return and, therefore, the equity premium, but the volatility of the market return is 

double the volatility observed in the data. The model fits well the moments of the price-dividend 

ratio, a feat that challenges many models. It matches well the mean and volatility of household 
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consumption growth but not its autocorrelation. It matches well the volatility of dividend growth 

but not the mean and autocorrelation. It also matches well the moments of the cross-sectional 

distribution of household consumption growth. The estimated risk aversion is about one, 

substantially lower than the risk aversion required in many models and consistent with the estimate 

of about one by Chetty (2006). Nevertheless, the model generates the observed equity premium 

because of the large idiosyncratic shocks. The estimated EIS is one and evades the controversy as 

to whether it is above or below one. It is also much lower than the EIS required in some earlier 

models to address the moments of financial variables. The negative estimate of dβ reinforces the 

interpretation of tx as a countercyclical business cycle variable. 

[Table 1 here] 

As a robustness test, I re-estimate the model by expanding the pool of households to include 

all three tranches. For example, for the first quarter, the January tranche provides household 

consumption growth from January to March; the February tranche provides household 

consumption growth from February to April; and the lagged March tranche provides household 

consumption growth from December to February. The estimation results are extremely close to 

the results for the January tranche and are reported in the online Appendix C. 

As a further robustness test, I re-estimate the model at the annual frequency over the period 

from 1929 to 2019. Given the lack of household-level data over the full period, I do not target the 

moments of the cross-sectional distribution of household consumption growth relative to aggregate 

consumption growth. The GMM system consists of 15 moment restrictions in 15 parameters. The 

estimation results are reported in Table 2. A big difference is that the estimated risk aversion is 

8.59 which is much greater than the risk aversion of one estimated at the quarterly frequency. As 

at the quarterly frequency, the model fits well the moments of the risk-free rate. It fits well the 

mean, variance, and autocorrelation of the market return. Thus it fits better the variance of the 

market return than the model at the quarterly frequency. The model fits well the moments of the 

price-dividend ratio. It matches well the mean and volatility of household consumption growth but 

not its autocorrelation. Finally, it matches well the mean and volatility of dividend growth but not 

the autocorrelation. The estimated EIS is one, same as the estimate at the quarterly frequency. The 

autocorrelation of the state variable is 0.818 which implies that the half-life of the state variable is 

3.45 years, consistent with the interpretation of the state variable as a business cycle variable. 
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[Table 2 here] 

 

III. Welfare Benefits of Eliminating Shocks to Consumption 

Growth 

III.1 Welfare benefits of eliminating all idiosyncratic shocks 

In the online Appendix B.1, I prove that, in the benchmark economy with 1ψ = , household utility 

has the functional form 

,
thBENCH kx

it i tU C e +=      (9) 

and derive the values of the parameters h  and k . In the online Appendix B.2, I prove that 

household utility is approximately given by equation (9) and the values of the parameters h  and 

k are the same even when 1ψ ≠ . 

In the online Appendix B.3, I calculate the utility ZEROID
itU  in the economy in which all 

idiosyncratic consumption shocks are eliminated, by setting  0σ σ= =  in equation (4). The ratio of 

the utility in this economy to the utility in the benchmark economy is 

 ( ){ }( ) ( )
( )( )1

1 1 1 1
/ exp

1 1
aZEROID BENCH

it it t

x k x x
U U kx

γ ρ γ β

γ δ −

 − − − + − + −
 = −
 − − 

.  (10) 

Since the assumed preferences are homothetic, the reported percentage benefits apply to all 

households, irrespective of their level of wealth, since I assume that the idiosyncratic shocks are 

drawn from the same distribution across households. 

In the third column of Table 3, I report for the January tranche the welfare gain in percent,

( )/ 1 100%ZEROID BENCHU U − × , when the state variable is at its unconditional value. The welfare 

benefit in terms of utility is 52.3% and is large. Since consumption is proportional to utility, the 

welfare benefit in terms of consumption is 52.3% as well. In parentheses, I report the welfare gain 

when the state variable is set at the unconditional value plus or minus one standard error. In curly 

brackets, I report the welfare gain when the volatility of the idiosyncratic shocks that are related 
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to the business cycle is set at the point estimate plus or minus one standard error. In square brackets, 

I report the welfare gain when the volatility of the idiosyncratic shocks that are unrelated to the 

cycle is set at the point estimate plus or minus one standard error. In the fourth column of Table 3, 

I report the corresponding results for the combined tranches. The results are very similar. 

[Insert Table 3 here] 

It is well known in the literature that the welfare gain in eliminating idiosyncratic income 

shocks can be large. At the low end, Imrohoroglu (1989) finds that the welfare cost of business 

cycles, as a percentage of consumption, is about 0.08-1.5%. At the high end, Beaudry and Pages 

(2001) estimate the cost as high as 4.4%; Storesletten, Telmer, and Yaron (2001) report that an 

unborn agent is better off by 5.09% and that, on average, the population is better off by 1.03%; 

and Krebs (2007) reports the highest cost at 7.5%. By contrast, my estimate of 52.3% is 

substantially higher than earlier estimates for several reasons. First, I allow for negative skewness 

in the shocks. Second, I estimate the skewness by targeting the moments of idiosyncratic 

consumption growth. Finally, I estimate the model by targeting the moments of the interest rate, 

asset prices, and dividends, in addition to the moments of aggregate and household consumption. 

In the fifth column of Table 3, I report the corresponding results when the parameters are 

estimated at the annual frequency. The welfare benefit is 6.18%, substantial but much smaller than 

the benefit of 52.3% reported when the parameters are estimated at the quarterly frequency. The 

reason is that the moments of the household consumption growth are not targeted at the annual 

estimation because these moments are unavailable over the full period from 1929 to 2019. I 

consider the estimate of 52.3% as a more reliable estimate. 

 

III.2 Welfare benefits of eliminating idiosyncratic shocks unrelated to the business cycle 

I eliminate only the idiosyncratic shocks to consumption growth that are unrelated to the business 

cycle. The utility ratio is calculated in the online Appendix B.3 as 

 ( )( )1/ 1 1/ xZEROUNRELATEDID BENCH
it itU U e γ δ −− − −

= .    (11) 
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The results are shown in Table 3. The welfare gain is 47.3% when the parameters are estimated 

from the January tranche and 45.9% when the parameters are estimated from the combined 

tranches. The welfare gain is large. 

I also calculate the utility ZERORELATEDID
itU  in the economy in which idiosyncratic 

consumption shocks related to the business cycle are eliminated. The utility ratio is 

( ) ( ){ }( )
( )( )1

1 1 1 1
/ exp

1 1
aZERORELATEDID BENCH

it it t

x k x
U U kx

γ β γ ρ

γ δ −

 − − − + −
 = −
 − − 

.  (12) 

The results are shown in Table 4. The welfare gain is 3.4% when the parameters are estimated 

from the January tranche and 2.9% when the parameters are estimated from the combined tranches. 

The welfare gain is significant but substantially smaller than the gain from eliminating shocks 

unrelated to the business cycle. The major implication of these results is that policy should be 

directed towards insuring idiosyncratic shocks unrelated to the business cycle. 

I gain further insights by examining the contribution of idiosyncratic shocks to the variance 

and skewness of household consumption growth. In equation (5), the variance of the idiosyncratic 

shocks is the sum of two components contributed by shocks related and unrelated to the business 

cycle, respectively. In equation (6), the skewness is the sum of two components contributed by 

shocks related and unrelated to the business cycle, respectively. In Table 4, I present this 

decomposition with parameters estimated at both the quarterly and annual frequencies. I present 

results when the state variable is set at its unconditional value and, in brackets, when the state 

variable is set at the unconditional value plus or minus one standard error. I also present the 

variance of aggregate consumption shocks as well. The contribution of idiosyncratic shocks 

unrelated to the business cycle to the variance and skewness of household consumption growth is 

an order of magnitude higher than the contribution of shocks related to the business cycle and 

several orders of magnitude higher than the contribution of aggregate shocks. 

[Insert Table 4 here] 
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III.3 Welfare benefits of eliminating shocks to aggregate consumption growth 

I eliminating fluctuations of aggregate consumption growth around the business cycle by setting

0aβ = . The utility ratio is calculated in the online Appendix B4 as 

( )
( )

( )
( )

( )( )
( )

2 1 2 2 2 2

2 21 2 2 1 2 1

/

2 / 2 2 1 / 2
exp 1 1 .

1 1

it it

x x x x a

NOBUSAGG BENCH

xa
t

x x x

U U

x x
ρ σ δ σ ρ σ σ γ β ρ σβ

δ γ σ ρ σ δ ρ σ δ

−

− − −

  + − + − + +  = + − − −  − − + − + −   

 (13) 

The results are presented in Table 3. The welfare gain is practically zero, irrespective of whether 

the parameters are estimated at the quarterly or annual frequencies. 

Finally, I eliminate all fluctuations of aggregate consumption growth around trend by 

setting 0a aβ σ= = . The utility ratio is calculated in the online Appendix B4 as 

( )

( )
( )

( )
( )

( )( )
( )

2 2 2 2

1

2 1 2 2 2 2

2 22 2 1 2 1

/ 2 1 / 2
1

/ exp .
2 / 2 2 1 / 2

1 1
1

a x a a

it it
x x x x a x

t
x x

N

x

CO STAGG BENCH

x x

U U
x

β σ ρ β γσ

δ

ρ σ δ σ ρ σ σ γ β ρ σ

γ σ ρ σ δ ρ σ δ

−

−

− −

 − + +
 

− 
 =  + − + − + +  + − − −  − + − + −  

 (14) 

The results are presented in Table 3. The welfare gain is practically zero when the parameters are 

estimated at the quarterly frequency but 7.7% when the parameters are estimated at the annual 

frequency. I place greater weight on the estimate at the annual frequency than on the estimate at 

the quarterly frequency because the annual estimation covers a much longer time period of 

aggregate consumption than the quarterly estimation. 

The welfare benefits of eliminating shocks to aggregate consumption growth are higher 

than the corresponding 0.5% benefits reported by Lucas (2003) who eliminates shocks to the 

aggregate consumption level while I eliminate shocks to aggregate consumption growth. They are 

also higher than the 0.5%-5% gain reported by Reis (2009) and the 3% gain reported by Ghosh, 

Julliard, and Stutzer (2019). The main take-away is that the welfare benefits of eliminating shocks 
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to aggregate consumption growth are significant but substantially lower than the welfare benefits 

of eliminating idiosyncratic shocks. 

 

IV. Concluding Remarks 

The paper draws attention to the need for policies to minimize the welfare costs associated with 

idiosyncratic shocks to household income and consumption growth. I find that the benefits of 

eliminating idiosyncratic shocks to consumption unrelated to the business cycle are 47.3% of the 

utility of a member of a household and the benefits of eliminating idiosyncratic shocks to 

consumption related to the business cycle are 3.4% of utility. The estimate of the benefits of 

eliminating idiosyncratic shocks to consumption unrelated to the business cycle is substantially 

higher than earlier estimates. Finally, the welfare benefits of eliminating shocks to aggregate 

consumption growth are important but substantially lower than the welfare benefits of eliminating 

idiosyncratic shocks unrelated to the business cycle. The main implication is that policy should 

focus on insuring idiosyncratic shocks unrelated to the business cycle, such as the death of the 

prime wage earner in the family and job layoffs not necessarily related to recessions. 

The main drivers of these results are that I distinguish between idiosyncratic shocks related 

to the business cycle and shocks unrelated to the business cycle, recognize that idiosyncratic 

shocks are highly negatively skewed, calibrate the welfare benefits based on parameters obtained 

by estimating the model using household-level consumption data from the Consumer Expenditure 

Survey and explicitly targeting moments of household consumption, assume that households are 

responsive to long-run risks, and incorporate information from the market by targeting the 

moments of the interest rate, stock prices, and dividends in the estimation, in addition to the 

moments of aggregate and idiosyncratic consumption growth. 

Since I assume that preferences are homothetic and idiosyncratic shocks to consumption 

growth are drawn from the same distribution across households, the reported percentage benefits 

apply to all households, irrespective of their level of wealth. This assumption needs to be relaxed 

in future research. Furthermore, households are heterogeneous in ways beyond the level of their 

wealth, such as aversion to risk, employment category, borrowing constraints, home production, 

labor supply of other members of the household, ability to substitute leisure for consumption, and 
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geographical location. It is an open question as to how recognition of these additional 

heterogeneities modifies the welfare costs associated with idiosyncratic shocks. 
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TABLE 1 
Model Fit and Parameter Estimates, January Tranche, 1982:Q1 to 2019:Q4 

The table reports the parameter estimates and model fit for the baseline model over the quarterly sample period from 
1982:Q1 to 2019:Q4. Asymptotic standard errors (Newey-West corrected using two lags) for the parameter estimates 
and the sample moments are reported in parentheses below. The GMM system consists of 18 moment restrictions (15 
aggregate moments and the mean, variance, and third central moment of the cross-sectional distribution of household 
consumption growth) in 15 parameters. ( ) ( ), , and AC1f f fE r r rσ   are the mean, standard deviation, and first-order 

autocorrelation of the risk free rate; [ ] ( ) ( ), , and AC1m m mE r r rσ are the mean, standard deviation, and first-order 

autocorrelation of the market return; [ ] ( ) ( )/ , / , and AC1 /E p d p d p dσ are the mean, standard deviation, and first-
order autocorrelation of the price-dividend ratio; c∆ is aggregate consumption growth; d∆ is aggregate dividend 
growth; ( )1/2

2 CEXcµ ∆ and ( )3 CEXcµ ∆ are the dispersion and third central moment of the cross-sectional distribution of 
household consumption growth. The preference parameters are the RRA coefficient, γ , the EIS, ψ , and the subjective 
discount factor, .δ  The rest of the parameters are defined in the text. 
 

 
  

Prices 
 𝐸𝐸�𝑟𝑟𝑓𝑓� 𝜎𝜎(𝑟𝑟𝑓𝑓) 𝐴𝐴𝐴𝐴1(𝑟𝑟𝑓𝑓) 𝐸𝐸[𝑟𝑟𝑚𝑚] 𝜎𝜎(𝑟𝑟𝑚𝑚) 𝐴𝐴𝐴𝐴1(𝑟𝑟𝑚𝑚) 𝐸𝐸[𝑝𝑝 𝑑𝑑⁄ ] 𝜎𝜎(𝑝𝑝 𝑑𝑑⁄ ) 𝐴𝐴𝐴𝐴1(𝑝𝑝 𝑑𝑑⁄ ) 

Data 0.001 
(0.001) 

0.004 
(0.0003) 

0.025 

0.722 
(0.101) 

0.019 
(0.007) 

0.084 
(0.007) 

-0.030 
(0.182) 

3.803 
(0.047) 

0.326 
(0.029) 

0.944 
(0.025) 

Model 0.001 0.856 0.026 0.170 -0.055 3.820 0.280 0.855 
          

Consumption and Dividends 
 𝐸𝐸[∆𝑐𝑐] 𝜎𝜎(∆𝑐𝑐) 𝐴𝐴𝐴𝐴1(∆𝑐𝑐) 𝐸𝐸[∆𝑑𝑑] 𝜎𝜎(∆𝑑𝑑) 𝐴𝐴𝐴𝐴1(∆𝑑𝑑) μ2

1/2(∆𝑐𝑐𝐶𝐶𝐶𝐶𝐶𝐶) μ3(∆𝑐𝑐𝐶𝐶𝐶𝐶𝐶𝐶) 
Data 0.004 

(0.001) 
0.009 

(0.001) 
0.138 

(0.183) 
0.012 

(0.006) 
0.110 

(0.014) 
-0.639 
(0.255) 

0.404 
(0.004) 

-0.039 
(0.002) 

Model 0.004 0.009 0.000 0.005 0.080 0.000 0.378 -0.042 
         

Preference Parameters 
γ 

1.00 
(0.012) 

ψ δ 
1.00 

(0.033) 
0.861 

(0.003) 
   

Other Parameters 
aµ  β𝑎𝑎 σ𝑎𝑎 𝑥̅𝑥 𝜎𝜎𝑥𝑥 ρ σ α𝑑𝑑 σ𝑑𝑑 β𝑑𝑑 ω�  σ� 

0.004 
(0.001) 

0.017 
(0.154) 

0.009 
(0.000) 

0.00001 
(0.00001) 

0.003 
(0.010) 

0.855 
(0.010) 

0.839 
(0.079) 

0.005 
(0.008) 

0.080 
(0.004) 

-49.4 
(0.118) 

0.800 
(0.097) 

0.395 
(0.025) 
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TABLE 2 
Model Fit and Parameter Estimates, Annual Data, 1929 to 2019 

The table reports the parameter estimates and model fit with annual data over the sample period from 1929 to 2019. 
Asymptotic standard errors (Newey-West corrected using two lags) for the parameter estimates and the sample 
moments are reported in parentheses below. The GMM system consists of 15 moment restrictions in 15 parameters. 

( ) ( ), , and AC1f f fE r r rσ   are the mean, standard deviation, and first-order autocorrelation of the risk free rate; 

[ ] ( ) ( ), , and AC1m m mE r r rσ are the mean, standard deviation, and first-order autocorrelation of the market return; 

[ ] ( ) ( )/ , / , and AC1 /E p d p d p dσ are the mean, standard deviation, and first-order autocorrelation of the price-
dividend ratio; c∆ is aggregate consumption growth; d∆ is aggregate dividend growth. The preference parameters 
are the RRA coefficient, γ , the EIS, ψ , and the subjective discount factor, .δ  The rest of the parameters are defined 
in the text. 

Prices 
 𝐸𝐸�𝑟𝑟𝑓𝑓� 𝜎𝜎(𝑟𝑟𝑓𝑓) 𝐴𝐴𝐴𝐴1(𝑟𝑟𝑓𝑓) 𝐸𝐸[𝑟𝑟𝑚𝑚] 𝜎𝜎(𝑟𝑟𝑚𝑚) 𝐴𝐴𝐴𝐴1(𝑟𝑟𝑚𝑚) 𝐸𝐸[𝑝𝑝 𝑑𝑑⁄ ] 𝜎𝜎(𝑝𝑝 𝑑𝑑⁄ ) 𝐴𝐴𝐴𝐴1(𝑝𝑝 𝑑𝑑⁄ ) 

Data 0.007 
(0.004) 

0.025 
(0.003) 

0.664 
(0.107) 

0.060 
(0.017) 

0.190 
(0.017) 

-0.025 
(0.214) 

3.425 
(0.078) 

0.456 
(0.043) 

0.869 
(0.050) 

Model 0.007 0.055 0.818 0.057 0.266 -0.075 3.420 0.415 0.818 
          

Consumption and Dividends 
 𝐸𝐸[∆𝑐𝑐] 𝜎𝜎(∆𝑐𝑐) 𝐴𝐴𝐴𝐴1(∆𝑐𝑐) 𝐸𝐸[∆𝑑𝑑] 𝜎𝜎(∆𝑑𝑑) 𝐴𝐴𝐴𝐴1(∆𝑑𝑑) 

Data 0.020 
(0.004) 

0.035 
(0.007) 

0.373 
(0.164) 

0.015 
(0.012) 

0.110 
(0.019) 

0.193 
(0.202) 
0.003 Model 0.017 0.035 0.000 0.024 0.095 

       
Preference Parameters 

γ 
8.59 

(0.051) 

ψ δ 
1.01 

(0.047) 
0.933 

(0.017) 
   

Other Parameters 
aµ  β𝑎𝑎 σ𝑎𝑎 𝑥̅𝑥 𝜎𝜎𝑥𝑥 ρ σ α𝑑𝑑 σ𝑑𝑑 β𝑑𝑑 ω�  σ� 

0.017 
(0.004) 

0.056 
(0.064) 

0.035 
(0.001) 

0.001 
(0.00004) 

0.018 
(0.010) 

0.818 
(0.020) 

0.705 
(0.066) 

0.030 
(0.014) 

0.094 
(0.005) 

-6.66 
(0.028) 

0.163 
(0.046) 

0.074 
(0.006) 
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TABLE 3 
Welfare Gains 

The table presents the welfare gain in percent relative to the benchmark economy, ( )/ 1 100%NEW BENCHU U − × , by 
eliminating all idiosyncratic shocks to consumption growth, eliminating idiosyncratic shocks to consumption growth 
unrelated to the business cycle, eliminating idiosyncratic shocks to consumption growth related to the business cycle, 
eliminating shocks to aggregate consumption growth related to the business cycle, and eliminating shocks to aggregate 
consumption growth around trend. The calibration uses the parameters estimated with quarterly data from 1982:Q1 to 
2019:Q4 from the January tranche and the combined tranches. The calibration also uses the parameters estimated with 
annual data from 1929 to 2019. I report the welfare gain when the current state is at its unconditional value and, in 
parentheses, when the state variable is set at the unconditional value plus or minus one standard error. In square 
brackets, I report the welfare gain when the volatility σ  is set at the point estimate plus or minus one standard error. 

 
 Utility Ratio Welfare Gain in percent 
  January tranche Combined tranches Annual data 

Eliminating all 
shocks to household 
consumption growth 

/ZEROID BENCH
it itU U  52.3% 

(49.3%, 55.3%) 
[45.2%, 60.2%] 

 

50.2% 
(47.2%, 53.3%) 
[46.1%, 54.6%] 

6.18% 
(6.10%, 6.26%) 
[5.15%, 7.35%] 

Eliminating shocks 
to household 
consumption growth 
unrelated to the 
business cycle 

/ZEROUNRELATEDID BENCH
it itU U  47.3% 

(47.3%, 47.3%) 
[40.4%, 54.9%] 

 

45.9% 
(45.9%, 45.9%) 
[42.0%, 50.2%] 

6.02% 
(6.02%, 6.02%) 
[4.99%, 7.18%] 

Eliminating shocks 
to household 
consumption growth 
related to the 
business cycle 

/ZERORELATEDID BENCH
it itU U  3.4% 

(1.3%, 5.4%) 
[3.4%, 3.4%] 

 

2.9% 
(0.87%, 5.0%) 
[2.9%, 2.9%] 

0.16% 
(0.08%, 0.23%) 
[0.16%, 0.16%] 

Eliminating shocks 
to aggregate 
consumption growth 
around the business 
cycle 
 

 
0.00005% 

(0.00002%, 0.0001%) 
[0.00005%, 0.00005%] 

 

0.00003% 
(0.00001%, 0.00004%) 
[0.00003%, 0.00003%] 

0.05% 
(0.03%, 0.07%) 
[0.05%, 0.05%]  

Eliminating all 
shocks to aggregate 
consumption growth 
around trend 

/CONSTAGG HBENC
it itU U  0.03% 

(0.03%, 0.03%) 
[0.03%, 0.03%] 

0.02% 
(0.02%, 0.02%) 
[0.02%, 0.02%] 

7.65% 
(7.63%, 7.68%) 
[7.65%, 7.65%] 
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TABLE 4 
Variance and Skewness of Idiosyncratic and Aggregate Consumption Shocks 

The table presents the variance and skewness of idiosyncratic and aggregate consumption shocks. The model is 
calibrated with the parameters estimated with quarterly data from 1982:Q1 to 2009:Q4 and with annual data from 
1929 to 2009. The state variable 1tω + is set at its unconditional value and, in parentheses, equal to the unconditional 
value minus or plus one standard error. 
 

 With parameter 
estimates from the 

January tranche 

With parameter 
estimates from the 
combined tranches 

With parameter 
estimates from 

annual data 
Variance of idiosyncratic shocks 
( )  ( )2 42 4

1/ 4 / 4tσ σ ω σ σ ω++ + +  
 

0.1422 
(0.1347, 0.1498) 

 
0.1626 

(0.1536, 0.1716) 

 
0.0009 

(0.0009, 0.0009) 
( )2 4

1/ 4 tσ σ ω ++  0.0125 
(0.0050, 0.0201) 

0.0128 
(0.0038, 0.0218) 

0.0000 
(0.0000, 0.0000) 

 ( )2 4
/ 4σ σ ω+  0.1297 

 
0.1498 0.0009 

(0.0009, 0.0009) 
Skewness of idiosyncratic shocks    

( )  ( )4 64 6
13 / 2 / 8 3 / 2 / 8tσ σ ω σ σ ω+− + − +  -0.0415 

(-0.0344, -0.0487) 
-0.0700 

(-0.0607, -0.0794) 
-0.00001 

(-0.00001, -0.00001) 
( )4 6

13 / 2 / 8 tσ σ ω +− +  -0.0119 
(-0.0048, -0.0191) 

-0.0133 
(-0.0040, -0.0227) 

-0.0000 
(-0.0000, -0.0000) 

 ( )4 6
3 / 2 / 8σ σ ω− +  -0.0296 

 
-0.0567 -0.00001 

 
Variance of aggregate shocks 0.00008 0.00008 0.00123 
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ONLINE APPENDIX A 

The unconditional mean, variance, and first-order autocorrelation of aggregate consumption 

growth: 

[ ] ,t aE c µ∆ =  

( ) ( )2 2 2 2var / 1 ,t a x ac xβ σ ρ σ∆ = − +  and 

( ) ( )
2

1 2 2 2 2
, .

1 /
a

t t
a a x

corr c c
x

β ρ
β ρ σ σ+∆ ∆ =

+ −
 

The unconditional mean, variance, and first-order autocorrelation of the risk free rate: 

[ ] 

( )( ) ( ) ( )( )
2

1 /2 2 2 2 2
1 0 1 0 0log 1 / 2 / 2 1 1t a a xE r e A x h h A Aγ γ σθ δ ω γµ γ σ λ λ σ θ θ+  = − − − + − + − − + − − − + −  , 

( ) ( )( ) ( )22 2 2 2
1var / 2 1 / 1t x a xr A xλρ λ σ θ β γ σ ρ= − − + − + − , and 

( )1, .t tcorr r r ρ+ =  

The unconditional mean, variance, and first-order autocorrelation of the market return: 

( )( ), 0 1 0 11m t d dE r k k B B x xα β  = + − + + +  , 

( ) ( ) ( ) ( )( ) ( )2 2 2 2 2
, 1 1 1 1 1 1var 2 / 1m t d d x dr k B B k B B xβ β ρ σ ρ σ = + − + + − + − +  , and 

( )
( ) ( ){ } ( ) ( )

( ) ( ) ( )( ) ( )

2 2 2 2
1 1 1 1 1 1 1 1 1

, , 1 2 2 2 2 2
1 1 1 1 1 1

co , .
2 1

d d d x

m t m t

d d x d

k B B k B B k B B x
rr r r

k B B k B B x

ρ β β ρ β σ

β β ρ σ ρ σ
+

 + − + + − + + − +
 =
 + − + + − + + − 

 

The unconditional mean, variance, and first-order autocorrelation of the price-dividend ratio: 

, 0 1m tE z B B x  = +  , 

( ) ( )2 2 2
, 1var / 1m t xz B xσ ρ= − , and 

( ), , 1, .m t m tcorr z z ρ+ =  

The unconditional mean, variance, and first-order autocorrelation of dividend growth: 

[ ]t d dE d xα β∆ = + , 
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( ) ( )2 2 2 2var / 1t d x dd xβ σ ρ σ∆ = − + , and 

( ) ( )
2

1 2 2 2 2
, .

1 /
d

t t
d d x

corr d d
x

β ρ
β ρ σ σ+∆ ∆ =

+ −
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ONLINE APPENDIX B 

B.1 Benchmark utility 

I rewrite the utility with unit elasticity, 1,ψ =  as 

( ) ( ){ }1 1 1
, 1 , 1 , 1/ / /it it t i t i t i t itU C E U C C C

δ
γ γ γ− − −

+ + +
 =
 

.   (B1) 

I conjecture and verify that ,/ th kx
it i tU C e += where h and k are parameters. Then 

( )( ) ( )( )1 , 11 1 1t i tt h kx ch kx
te E e

δ
γ γ γ+ +− + + − ∆ −+  =   , or 

( ) ( )( ) ( )1 , 1

1
1 1t t i t

h kx h kx c
te E e

γ
γ γδ + +

−
+ − + + − ∆ =   .    (B2) 

First, I integrate out the random variables 

, 1, 1 and i ti tη η ++ , which are i.i.d. standard normal and 

independent of all primitive random variables in the economy and obtain 

( )( ) ( )

( ) ( ) ( ) ( )( ) ( )     

( ) ( ) ( ) ( )( ) ( ) ( ) 

1 , 1

21/21/2 2
1 , 1 , 1 , 1 , 1 , 1, 1 , 1

22
1 , 1 , 1

1 1

1 1 1 1 /2 /2

1 1 1 1 /2 1

t i t

t a a t a a t i t i t i t i ti t i t

t a a t a a t i t

h kx c
t

h kx x x j j j j

t

h kx x x j j
t

E e

E e

E e

γ γ

γ γ γ µ β σ ε γ ση σ ση σ

γ γ γ µ β σ ε γ γ σ γ γ σ

+ +

+ + + + + ++ +

+ + +

− + + − ∆

 − + − + − + − + + − − + − 
 

− + − + − + − + − − − −

 
 
 

=  
 

= , 1 /2 .i t+ 
  

 (B3) 

Second, I use the result that, for any constant b, 

( )0 0
/ ! / !

bnbj bn n b e
n n

E e e e n e e n e eω ω ω ωω ω∞ ∞− − −
= =

  = = =  ∑ ∑ , 

integrate out the random variables 

, 1 , 1andi t i tj j+ + , and obtain 

( ) ( ) ( ) ( )( ) ( ) ( ) 

( ) ( ) ( ) ( )( ) ( )
 

( )

( )  ( ){ } ( ) ( )( )

22
1 , 1 , 1 , 1

221 /2 1 /2
1 , 1 1 1

1 , 1

1 1 1 1 /2 1 /2

1 1 1

1 1 1 1

t a a t a a t i t i t

t a a t a a t t t

t a a t a a t

h kx x x j j
t

h kx x x e e
t

h x k x x x
t

E e

E e

E e

γ γ σ γ γ σ

γ γ γ µ β σ ε γ γ σ γ γ σ

γ γ γ µ β σ ε ω ω ω ω

γ γ γ µ β σ ε

+ + + +

− − − −
+ + + +

+ +

− + − + − + − + − − − −

− + − + − + − + − + − +

− + + − + + − + − +

 
  
 

=  
 
 = 

,

  (B4) 
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where I define ( )( )21 /2 1t tx e γ γ σ ω− −≡ − and  ( )( ) 2
1 /2 1x e γ γ σ ω− −≡ − . Third, I integrate out , 1 , 1andx t a tε ε+ +

and obtain 

( )  ( ){ } ( ) ( )( )

( )  ( ){ } ( ){ } ( ){ } ( ) ( )( ) ( )

1 , 1

2 22 2

1 1 1 1

1 1 1 1 1 1 /2 1 1 /2.

t a a t a a t

t t x a a t a

h x k x x x
t

h x k x x k x x x

E e

e

γ γ γ µ β σ ε

γ γ ρ ρ γ σ γ µ β γ σ

+ +− + + − + + − + − +

− + + − + − + + − + + − + − + −

 
  

=

  (B5) 

Therefore, 

( ) ( )( ) ( ) ( ){ } ( )( )
( ){ }  ( )

2 2

2 2

1 1 / 2 1 1 1
.

1 1 1 / 2 1

a a t a t

t

t x

x x k x x
h kx

k x x h

γ µ β γ σ γ ρ ρδ
γ γ σ γ

 − + − + − + − + − + + =  −  + − + + + − 

 (B6) 

The conjecture ,/ th kx
it i tU C e +=  is verified. I obtain the values of the parameters h and k by 

matching the constants and the coefficients of tx  in the above equation and obtain 

 ( ){ }( ) ( )( ) ( )
( )( )

2 2

1

1 1 1 1 1 / 2

1 1
a a ax k x x

h
γ ρ γ µ β γ σ

γ δ −

+ − + − + − − + −
=

− −
  (B7) 

and 

( ) ( ) { }( ) ( )2 2 2 2 1 21 / 2 1 1 / 2 0.x x a xk kγ σ σ ρ δ γ γ β ρ σ−− + + − − + − + + =  

 

The solution to the above equation is 

( )
( )

( )( )
( )

2 1 2 2

22 2 1

2 1 / 2
1 1

1
x x a x

x x

k
ρ σ δ σ γ β ρ σ

γ σ ρ σ δ

−

−

 − + − − + + = − −
 − + − 

   (B8) 

I retain the solution with the negative square root because the solution with the positive square 

root tends to −∞ as 2 0xσ → . 

 

B.2 Utility with general elasticity, 1ψ ≠  

I rewrite the utility with elasticity 1ψ ≠ as 
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( )

( )1/ 1 1/1 1/
1 1

, 1 , 1

, 1

/ 1 ,i t i t
it it t

it i t

C U
U C E

C C

ψψ
γ γ

δ δ

−−
− −

+ +

+

 
       = − +            

or 

( )
1 1/

11 1/ 1 1
, 1 , 1

, 1

1 i t i tit
t

it it i t

C UU E
C C C

ψ
γψ γ γ

δ δ

−
−− − −

+ +

+

        = − +                
 

and conjecture that ,/ th kx
it i tU C e += . Then 

( )( ) ( ) ( )( ) ( )      ( )( )

( ) ( )( ) ( ) ( )  ( )

21/21/2 2
, 1 , 1 , 1 , 1 1, 1, 1 , 1

22
, 1 , 1 , 1

1 1/
11 1 /2 /2 11 1/

1 1 /2 1 /2 1

1 a a t a a t i t i t i t ti ti t i t
t

a a t a a t i t i t

x x j j j j h kxh kx

x x j j h

e E e

E e

ψ
γγ µ β σ ε γ ση σ ση σ γψ

γ µ β σ ε γ γ σ γ γ σ γ

δ δ

δ

+ + + + +++ +

+ + +

−
  −− + − + + − − + − + − + − +  

− + − + − − − − + −

   − + =   
   

=
( )

( ) ( )( ) ( )
 

( ) ( )( )

( ) ( )( ) ( ){ }  ( )

( ) ( )( )

1

221 /2 1 /2
, 1 1 1 1

, 1 1

1 1/
1

1 1/
11 1

1 1/
11 1 1 1

1 1

t

a a t a a t t t t

a a t a a t t

a a t

kx

x x e e h kx

x x k x x h

x x

E e

E e

e

γ γ σ γ γ σ

ψ
γ

ψ
γγ µ β σ ε ω ω ω ω γ

ψ
γγ µ β σ ε γ γ

γ µ β

δ

δ

δ

+

− − − −
+ + + +

+ +

−
−+

−
−

− + − + − + − + + − +

−
−− + − + + − + + + −

− + − +

  
    

   =   
   

  =     

=
( ) ( ){ } ( )( ) ( ){ }  ( )22 2 2

1 1/
1/2 1 1 1 1 1 /2 1 .a t t xk x x k x x h

ψ
γγ σ γ ρ ρ γ σ γ

−
−− + − + − + + − + + + −  

    

 

With the approximation 1ze z≈ + , I obtain 

( )( )

( ) ( )( ) ( )

( ){ } ( )( ) ( ){ }  ( )

2 2

2 2

1 1 1/ 1

1 1 / 21 1/
1 1 1 1 1 1 / 2 1

t

a a t a

t t x

h kx

x x

k x x k x x h

ψ δ

γ µ β γ σψδ δ
γ γ ρ ρ γ σ γ

+ − + − +

 − + − + −−  = +  −  + − + − + + − + + + − 

 

or 

( ) ( )( ) ( )

( ){ } ( )( ) ( ){ }  ( )

2 2

2 2

1 1 / 2

1 1 1 1 1 1 / 2 1

a a t a

t

t t x

x x
h kx

k x x k x x h

γ µ β γ σδ
γ γ ρ ρ γ σ γ

 − + − + − + =  −  + − + − + + − + + + − 

 

which is identical to equation (B6). 
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B.3 Utility without all or some idiosyncratic consumption shocks 

I compare the economy in which idiosyncratic consumption shocks are eliminated to the 

benchmark economy. I refer to this economy as ZEROID. Without idiosyncratic consumption 

shocks, I set  0σ σ= = . Then 0tx x= =  and 

 ( ){ }( ) ( )
( )( )1

1 1 1 1
/ exp .

1 1
aZEROID BENCH

it it t

x k x x
U U kx

γ ρ γ β

γ δ −

 − − − + − + −
 = −
 − − 

  (B9) 

Second, I compare the benchmark economy to the economy in which idiosyncratic 

consumption shocks unrelated to the business cycle are eliminated. I refer to this economy as 

ZEROUNRELATEDID. I eliminate these shocks by setting  0σ =  and this implies  0x = . I set  0x =

and obtain 

 ( )( )1/ 1 1/ xZEROUNRELATEDID BENCH
it itU U e γ δ −− − −

= .    (B10) 

Third, I compare the benchmark economy to the economy in which idiosyncratic 

consumption shocks related to the business cycle are eliminated. I refer to this economy as 

ZERORELATEDID. I eliminate these shocks by setting 0σ = and this implies 0tx x= = . Then 

( ) ( ){ }( )
( )( )1

1 1 1 1
/ exp .

1 1
aZERORELATEDID BENCH

it it t

x k x
U U kx

γ β γ ρ

γ δ −

 − − − + −
 = −
 − − 

  (B11) 

B.4 Utility without fluctuations of aggregate consumption growth 

In eliminating fluctuations of aggregate consumption growth around the business cycle, I set 

0aβ =  and replace aµ with ( )2 2 2/ 2 1a a xxµ β σ ρ+ −  so that 

[ ] ( )2 2 2 2/2 1 /2
1 / a a x ax

t tE C C eµ β σ ρ σ+ − +

+ = , as in the benchmark case. The utility ratio is 
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( )
( )

( )
( )

( )( )
( )

2 1 2 2 2 2

2 21 2 2 1 2 1

/

2 / 2 2 1 / 2
exp 1 1 .

1 1

it it

x x x x a

NOBUSAGG BENCH

xa
t

x x x

U U

x x
ρ σ δ σ ρ σ σ γ β ρ σβ

δ γ σ ρ σ δ ρ σ δ

−

− − −

  + − + − + +  = + − − −  − − + − + −   

.

 (B12) 

Finally, in eliminating all fluctuations of aggregate consumption growth around trend, I set 

0a aβ σ= =  and replace aµ with ( )2 2 2 2/ 2 1 / 2a a x axµ β σ ρ σ+ − +  so that 

[ ] ( )2 2 2 2/2 1 /2
1 / a a x ax

t tE C C eµ β σ ρ σ+ − +

+ = , as in the benchmark case. I refer to this economy as economy 

CONSTAGG. The ratio of the utility in this economy to the utility in the benchmark economy is 

( )

( )
( )

( )
( )

( )( )
( )

2 2 2 2

1

2 1 2 2 2 2

2 22 2 1 2 1

/ 2 1 / 2
1

/ exp .
2 / 2 2 1 / 2

1 1
1

a x a a

it it
x x x x a x

t
x x

N

x

CO STAGG BENCH

x x

U U
x

β σ ρ β γσ

δ

ρ σ δ σ ρ σ σ γ β ρ σ

γ σ ρ σ δ ρ σ δ

−

−

− −

 − + +
 

− 
 =  + − + − + +  + − − −  − + − + −  

(B13). 
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ONLINE APPENDIX C 

Model Fit and Parameter Estimates, Combined Tranches, 1982:Q1 to 2019:Q4 
The table reports the parameter estimates and model fit for the combined tranches over the quarterly sample period 
from 1982:Q1 to 2019:Q4. Asymptotic standard errors (Newey-West corrected using two lags) for the parameter 
estimates and the sample moments are reported in parentheses below. The GMM system consists of 18 moment 
restrictions (15 aggregate moments and the mean, variance, and third central moment of the cross-sectional distribution 
of household consumption growth) in 15 parameters. ( ) ( ), , and AC1f f fE r r rσ   are the mean, standard deviation, 

and first-order autocorrelation of the risk free rate; [ ] ( ) ( ), , and AC1m m mE r r rσ are the mean, standard deviation, and 

first-order autocorrelation of the market return; [ ] ( ) ( )/ , / , and AC1 /E p d p d p dσ are the mean, standard deviation, 
and first-order autocorrelation of the price-dividend ratio; c∆ is aggregate consumption growth; d∆ is aggregate 
dividend growth; ( )1/2

2 CEXcµ ∆ and ( )3 CEXcµ ∆ are the dispersion and third central moment of the cross-sectional 
distribution of household consumption growth. The preference parameters are the RRA coefficient, γ , the EIS, ψ , 
and the subjective discount factor, .δ  The rest of the parameters are defined in the text. 
 

Prices 
 𝐸𝐸�𝑟𝑟𝑓𝑓� 𝜎𝜎(𝑟𝑟𝑓𝑓) 𝐴𝐴𝐴𝐴1(𝑟𝑟𝑓𝑓) 𝐸𝐸[𝑟𝑟𝑚𝑚] 𝜎𝜎(𝑟𝑟𝑚𝑚) 𝐴𝐴𝐴𝐴1(𝑟𝑟𝑚𝑚) 𝐸𝐸[𝑝𝑝 𝑑𝑑⁄ ] 𝜎𝜎(𝑝𝑝 𝑑𝑑⁄ ) 𝐴𝐴𝐴𝐴1(𝑝𝑝 𝑑𝑑⁄ ) 

Data 0.001 
(0.001) 

0.004 
(0.0003) 

0.023 

0.723 
(0.097) 

0.019 
(0.007) 

0.082 
(0.007) 

-0.014 
(0.176) 

3.805 
(0.045) 

0.320 
(0.028) 

0.945 
(0.025) 

Model 0.001 0.863 0.027 0.167 -0.050 3.820 0.276 0.863 
          

Consumption and Dividends 
 𝐸𝐸[∆𝑐𝑐] 𝜎𝜎(∆𝑐𝑐) 𝐴𝐴𝐴𝐴1(∆𝑐𝑐) 𝐸𝐸[∆𝑑𝑑] 𝜎𝜎(∆𝑑𝑑) 𝐴𝐴𝐴𝐴1(∆𝑑𝑑) μ2

1/2(∆𝑐𝑐𝐶𝐶𝐶𝐶𝐶𝐶) μ3(∆𝑐𝑐𝐶𝐶𝐶𝐶𝐶𝐶) 
Data 0.004 

(0.001) 
0.009 

(0.001) 
0.111 

(0.177) 
0.009 

(0.006) 
0.114 

(0.015) 
-0.682 
(0.255) 

0.430 
(0.004) 

-0.066 
(0.003) 

Model 0.006 0.009 0.000 0.005 0.084 0.001 0.402 -0.069 
         

Preference Parameters 
γ 

1.00 
(0.031) 

ψ δ 
1.01 

(0.008) 
0.843 

(0.006) 
 

Other Parameters 
aµ  β𝑎𝑎 σ𝑎𝑎 𝑥̅𝑥 𝜎𝜎𝑥𝑥 ρ σ α𝑑𝑑 σ𝑑𝑑 β𝑑𝑑 ω�  σ� 

0.005 
(0.001) 

0.011 
(0.007) 

0.009 
(0.000) 

0.00001 
(0.00001) 

0.003 
(0.025) 

0.863 
(0.009) 

0.882 
(0.024) 

0.005 
(0.009) 

0.083 
(0.004) 

-38.9 
(0.010) 

0.534 
(0.014) 

0.513 
(0.019) 
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