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Abstract

What is the relationship between short-run fluctuations in economic activity and the long-run evolution of
the economy? There is empirical evidence that more perturbed economies tend to grow less. Yet matching
this evidence has proven challenging for growth models without market failures. This paper examines the
relationship between short-term fluctuations and long-term growth within a complete-market economy
featuring Epstein-Zin preferences and unbounded growth driven by human and physical capital accumu-
lation. With these preferences, risk aversion and intertemporal elasticity of substitution are allowed to be
independent of each other. When the model is plausibly calibrated, the relationship between the mean and
variance of growth turns out to be negative. In most cases, the effect of fluctuations on welfare is found to
be negative and sizable, even when the long-run effect on growth is positive.
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1. Introduction

Traditionally, business cycle theory and growth theory have been treated as unrelated areas of
macroeconomics. As endogenous growth theory developed in the late 1980s, it explored the
idea of analyzing interactions between growth and business cycles, abandoning the traditional
decomposition approach that defined cycles as deviations from exogenous trends.

If we look at the data for the G7 countries, we see a negative relationship between the frequency
and the amplitude of the business cycle and the average per capita growth, as shown in Figure 1.
Figure 2 makes this effect even more explicit, showing the correlation between ten-year moving
averages of per capita GDP growth and its standard deviation. The correlations, computed over
twenty-year sliding windows, are mostly negative across all G7 countries.’

A wide empirical literature looks systematically at this relationship between economic fluctua-
tions and long-term economic growth. The study by Ramey and Ramey (1995) set a benchmark
in this respect. Based on a complete panel consisting of 92 countries covering a time horizon
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Figure 1. Growth and business cycles in G7 countries.

Source: Our elaborations on available yearly per capita GDP data for the period 1954-2019 across G7 Countries. The graphs
show ten-year moving averages of per capita GDP growth and its standard deviation. Data source: World Bank Group (2023),
World Development Indicators, retrieved from the Federal Reserve Bank of St Louis Data (FRED).

of 1960-1985, as well as a complete sub-panel of 24 OECD countries for the period 1950-1988,
the authors show that countries with higher volatility in output, measured as the standard devia-
tion of the growth rate, have significantly lower growth rates on average, even after controlling
for key growth drivers. The effect has been broadly confirmed by later research, even if esti-
mates vary considerably across empirical studies, being sensitive to the countries considered,
the period examined, the nature of data, and the methodology employed. An overview of the
empirical literature is in the meta-analysis by Bakas et al. (2019), to which we refer the interested
reader.’

However, endogenous growth theory has experienced difficulties in generating a negative rela-
tionship between long-run growth and the variance of innovations assumed to drive business
cycles. In fact, with standard constant relative risk aversion preferences (CRRA) when the degree
of risk aversion is above one, as the micro evidence suggests, an increase in the standard deviations
of shocks driving fluctuations causes an increase in precautionary investment, which is conducive
to an increase in both long-run growth and its time variability (see De Hek, 1999, Canton, 2002
and Jones et al. 2005).* Then explanations hinging on various frictions have been proposed for the
negative relationship that the data seem to indicate: irreversible investment in machines or tech-
nology (as in Pindyck, 1991 and Ramey and Ramey, 1991), credit constraints making it impossible
to exploit the reduced opportunity cost of innovating during slumps (Aghion et al. 2010), New
Keynesian features (e.g. wage and price rigidities) because of which negative demand shocks cause
a fall in real activity and reduced accumulation of tangible and intangible capital, not compen-
sated by the increased accumulation during booms (Blackburn and Pelloni, 2004, Blackburn and
Pelloni, 2005 and Annicchiarico and Pelloni, 2014). Other explanations go from intergenerational
complementarities in education (Palivos and Varvarigos, 2013) and countercyclical markups
leading to extrinsic uncertainty (Wang and Wen, 2011) to bad institutions and undisciplined
governments (Loayza and Hnatkovska, 2004, Varvarigos, 2010, Fatds and Mihov, 2013).°
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Figure 2. Relationship between growth and business cycles in G7 countries.

Source: Our elaborations on available yearly per capita GDP data for the period 1954-2019 across G7 Countries. The graphs
show correlations between ten-year moving averages of per capita GDP growth and its standard deviation (SD). Correlations
are computed over twenty-year sliding windows. Data source: World Bank Group (2023), World Development Indicators,
retrieved from the Federal Reserve Bank of St Louis Data (FRED).

Recent literature has shown the usefulness of Epstein-Zin (EZ) preferences (see Epstein and
Zin, 1989) in explaining standard asset pricing puzzles.® A key feature of these preferences
is that the relationship between risk (RA) and intertemporal elasticity of substitution (IES) is
not restricted to be reciprocal, as is the case with CRRA preferences. This generalization is
attractive because it is unclear why individuals’ willingness to substitute consumption across ran-
dom states of nature should be so tightly linked to their willingness to substitute consumption
deterministically over time.”

Since in modern economic theory asset prices are evaluated using marginal utilities, empirical
evidence from asset markets can potentially guide the choice of preferences in macroeconomic
analysis. EZ preferences have been incorporated into dynamic stochastic general equilibrium
models to match basic asset pricing observations while maintaining good business cycle prop-
erties. A seminal paper in this stream of research is Tallarini (2000). More recent contributions
are Van Binsbergen et al. (2012), Croce et al. (2012) and Kung and Schmid (2015).

This paper adds value by showing how EZ preferences can also be useful in theoretically investi-
gating the relationship between business cycles and growth. To streamline the analysis and make
the intuitive interpretation of our results more transparent, we introduce such preferences in a
model specified to conform as closely as possible to the standard frictionless real business cycle
model. More specifically, we adopt the framework in Jones et al. (2005), in which the accumula-
tion of human and physical capital drives unbounded growth, while the source of fluctuations is a
productivity shock.

We will see how the relationship between the dispersion of shocks and mean growth in the
model depends on the interplay between the elasticity of intertemporal substitution and the coef-
ficient of risk aversion. In particular, a negative relationship is obtained when the IES and RA are
both high enough, as is the case under preference parameterizations widely used for calibration
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purposes and empirically supported. When we go back to CRRA preferences, constraining IES
and RA to be the inverse of each other, this is not possible.

To explain our results intuitively, we can reason as follows: in a stochastic environment, agents
will work more when the realization of the productivity shock is higher. The expected return to
savings will then increase in the shock variance. However, the certainty equivalent of the return
will be reduced by risk aversion. If RA is high enough, more volatile shocks will decrease rather
than increase the certainty equivalent of the return on savings. However, this will reduce savings
and growth only if the IES exceeds one, so the substitution effect prevails over the income effect
when choosing current consumption.

Epaulard and Pommeret (2003) analyze the effect of the dispersion of productivity shocks on
mean growth in a model with EZ preferences. Using an AK model with no labor, they show
that the sign of the effect of a higher level of the dispersion on growth is exclusively governed
by the IES and is, in fact, negative whenever the IES is larger than one, while risk aversion only
influences the size of the effect. In our model, instead, the sign of the effect crucially depends on
both risk aversion and the intertemporal elasticity of substitution. We trace back this substantial
difference in results to the restrictive assumption in Epaulard and Pommeret (2003) that only
physical capital, not labor, is needed for production. We drop this assumption and show that
labor supply and the possibility of accumulating human as well as physical capital are important
in determining how short-run fluctuations influence average growth.

Our results differ from those in Epaulard and Pommeret (2003) not only as regards the effects
of shock volatility on growth but also as regards its effects on welfare, which in their analysis
are always negative, while in our model can be positive, albeit only for very low levels of RA.
The possibility of welfare increasing uncertainty is the central point of Cho et al. (2015) who
look at the issue using a standard Ramsey model. Specifically, they assume CRRA preferences and
strictly decreasing returns to capital, and they find that for very low values of RA agents can use
uncertainty in their own favor. We show this is also possible with EZ preferences, although again,
only for implausibly low levels of RA. With EZ preferences, higher volatility of the shocks is, in
most cases, harmful even when it enhances long-run growth. This possible divergence of growth
and welfare effects is also new in the literature. For instance, in an influential paper, Barlevy (2004)
criticized the famous argument in Lucas (1987) that the welfare gains from reducing volatility in
consumption are negligible by showing that fluctuations generate high welfare costs when they
negatively influence growth because of diminishing returns to investment. We show that with EZ
preferences, the welfare costs of fluctuations may be high, even when the shocks causing them
positively affect long-run growth.

The remainder of this paper is structured as follows. Section 2 introduces the model, Section 3
presents our results, and Section 4 concludes.

2. The model
This section outlines the baseline stochastic endogenous growth model we use for our analysis.
The model features optimizing firms, households with EZ preferences, human and physical capital
investments, time-stationary technology subject to random shocks, and perfect competition in all
markets.

The representative firm has the following production function:

Yy =AsK§, L% 0<a <1, (1)

where Kj; is physical capital and L; is demand for labor in efficiency units, A is a technological
constant, while s; introduces innovation into the model and is such that

O_2
St = €Xp Ct—m > (2)
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G=9l—1+¢& 9e(0,1) (3)

with & ~ N (0, 0'2). This parameterization implies that the levels of o and ¢ do not affect the

expected value of s;. This will allow us to consider mean-preserving increases in the dispersion of
2 1/2
shocks, as measured by the ergodic standard deviation of s;. This is given by (exp 1f7 —

and is therefore increasing in both o and ¢. We can take this as a measure of uncertainty following
use in the related theoretical literature.®

The final good is the numéraire, so its price is normalized to one. Let r; be the rental price of
capital and W, the wage. Profit maximization then imposes:

re=aAsK 'L ¢ 4)
and
Wt = (1 — Ol) AStthLt_a, (5)

so as to determine the demand for physical capital and labor.
The representative household has the following Kreps-Porteus preferences in their EZ specifi-

cation:
1—p
1y \ Ty
U (Cile) = (1= B u(Cp, 1) + B (EtU(Ct+1s li1) 1p> , 0<p <1, (6)
or alternatively:
1=p
1=y f1-y
U (Cole) =1 = B u(Cr, 1) — B |:]Et (=U(Crs1, 1141)) ”’} , p>1 (7)

where $ € (0, 1) is the discount factor, and u(Cy, I) is the period utility function with arguments
consumption C; and leisure I; p is the inverse of the intertemporal elasticity of substitution, say
¥ (e. p=v 1), and y is the coefficient of relative risk aversion. See Swanson (2012, 2018).
Standard Von Neumann-Morgenstern preferences constrain the risk aversion to be the inverse of
the intertemporal elasticity of substitution (in our context, this would mean y = p), while with
EZ preferences, these two parameters are allowed to take any positive value.’

We assume that preferences are multiplicatively separable between consumption and leisure
with a period utility function:

1P
C,l_p |:1 —x(1- p)n:+”i|
u(Cta lt):

l—p

where 1 — x (1 — p) > 0 for concavity, > 0 is the Frisch elasticity of labor supply and x > 0isa
scaling parameter weighting the disutility from labor effort n; = 1 — 1,.1° For non-recursive pref-
erences, this specification of the period utility function was first proposed by Trabandt and Uhlig
(2011) and is consistent with long-term growth. The fact that the Frisch elasticity of labor supply
is captured by just one parameter, instead of changing with the level of consumption or labor sup-
ply, makes it easier to isolate its role in sensitivity exercises and to understand the importance of
endogenous leisure choices in shaping our results. Note that if p < 1, marginal labor disutility is
stronger if consumption is higher, while the opposite is true if p > 1.1!

The representative household accumulates not only physical capital (i.e. the final good) but also
human capital H; that increases labor efficiency. The two types of capital accumulate according to
the following functions:

; (8)

Kip1 =1 —6x) K + Ik s 9

Hip1 =0 —06g) Hi + 1y, (10)
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where Ix (Iy) denotes investment in physical (human) capital and the parameter éx (§zr) measures
the rate of physical (human) capital depreciation. The representative household then maximizes:
Vi= max U; (11)
{ne.Ket1,Het1)
subject to the constraints in (9)-(10), given (8), the initial stocks of capital Ky and Hy as well as
the following flow budget constraint:

WiHin + 1Ky = Gy + Ik r + Iyt (12)

Epstein and Zin (1991) prove the existence and uniqueness of V; when there is a single consump-
tion good and no labor, which also applies if consumption and leisure form an aggregate good, as
in the specification we adopt. Assuming that an interior and unique solution exists, the optimality
conditions are then found to be:

W:H, 1+4
Cr=—"7 [1 —x(1 —p)nf"}, (13)
PX (1 + %) n/
1=E; [Mi11 (1 — 8k +r1)]s (14)
and
1 =E; [Mip1 (1 =85 + Wepane)] (15)

where (13) determines labor supply, while (14) and (15) are the Euler equations referring to
physical and human capital,'? with M, being the stochastic discount factor in our economy, in
turn, given by:

Y—p
1-y % I-p
Evm 1+1 4
My =B o Lo x( = G\ o 1 (16)
= ,0<p<
+1 Vi 41 Ciot P
" 1—x(1—p)n, "
or by:
1-y L;JI2 }{::;
i (= Vi) = 4577
M1 =B L= x =Pl G\, 17)
t+1 = _— o o , p>1
1—X(1—P)”t

If the labor market is in equilibrium, H;n; = L;, while K; = Kjz; is necessary to clear the capital
market. Market general equilibrium requires these two conditions to be respected, together with
the technology of production (1), the optimality conditions for the representative firm (4) and
(5), and for the representative household (9), (10) and (12)-(15).

3. Calibration and results

After calibrating the model and solving it using a second-order perturbation method as in Van
Binsbergen et al. (2012), we will present the results for our baseline calibration and discuss their
implications.'®> Next, we will do a sensitivity analysis to see what happens when we change some
critical parameters. This will help us learn more about how the primitives of the model affect
our results with a focus on preferences, in particular, risk aversion, the intertemporal elasticity of
substitution in consumption and the Frisch elasticity of labor supply.
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Macroeconomic Dynamics 7

Table 1. Benchmark calibration

Fixed Parameters
Share of capital 0.33
Discount factor 0.95
Risk aversion (RA) 20
Sk Capital depreciation rate 0.1
SH Human capital depreciation rate 0.04
n Frisch elasticity 1
Y=p1 Intertemporal elasticity of substitution (IES) 1.73
o Standard deviation of the shock 0.011
[ Persistence of the shock 0.90
Implied Parameters
A Technological constant 0.75
X Leisure scaling parameter 32.32

3.1. Calibration

To carry out the simulations, we calibrate the model by assuming a constant population and
normalizing its size to one. This normalization ensures that all macroeconomic variables are
expressed in per capita terms. We set the individual discount rate, 8, equal to 0.95, which means
that the duration of a period is equal to one year. For our benchmark simulation, we will set the
IES, ¢ = p~ 1, equal to 1.73, as estimated by Van Binsbergen et al. (2012). This value is in between
the one adopted by Bansal and Yaron (2004) and the one used in Croce et al. (2012) and Kung
and Schmid (2015). As far as it concerns the parameter measuring RA, y, we fix it at 20, which
is an intermediate value between the standard value in the literature dealing with EZ preferences
(e.g. Bansal and Yaron, 2004, Croce et al. 2012 and Kung and Schmid, 2015 who set it to 10 and
the estimated value found in Van Binsbergen et al. 2012, which is around 66).'* Finally, the Frisch
elasticity, 7, is set equal to one, which is an intermediate value in the range of macro and micro
data estimates.

Turning to the production side of the economy, we set the capital share, o, to 0.33, while, as
in Jones et al. (2005), the depreciation rate of physical and human capital are set to 0.1 and 0.04,
respectively. In our benchmark case, we want to achieve a steady-state growth rate for output, say
g¥, equal to 2%, and a labor supply, #, equal to 0.17. Note that g¥" is close to the annual growth
rate of GDP per capita observed in US data for the period 1960-2019, which is 1.97%, according
to World Bank data.!® To match these desired values we set A equal to 0.75 and x equal to 32.32.
Finally, we assume that the standard deviation of the shock is equal to 0 = 0.011 and its persistence
equal to ¢ =0.9. With these values, we can fairly match the annual standard deviation of GDP
per capita growth for the US in the period 1960-2019, which is around 1.94%, and its autocor-
relation coefficient, which is around 0.14, while in the model, output growth exhibits a standard
deviation of 1.938 and an autocorrelation coefficient of 0.122.1¢ The calibration is summarized in
Table 1.

3.2. Results

To analyze the effects of higher dispersion of the TFP shocks on growth, we adopt the standard
procedure in the literature, that is, we calculate the unconditional mean of output growth, E(g¥)
implied by the model and compare E(g¥) with its deterministic counterpart.!” In our bench-
mark simulation, we observe that the mean growth rate of the output is 1.86%, which is 14 basis
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Figure 3. Volatility of shocks, growth, labor, and welfare costs.

Note: The figure plots the unconditional means for output growth, its standard deviation (S.D.), the unconditional means for
labor, and the welfare cost of volatility for different values of the technological shock volatility o. The vertical lines refer to
the baseline value set for o. At the deterministic steady state, g = 2% and n = 0.17.

points lower than in a deterministic environment, where it is 2%. This is a remarkable result
since, in traditional expected utility models, a mean-preserving spread in the TFP shocks leads
to a higher mean and standard deviation of growth. With CRRA preferences, the intensity of the
effect depends on the curvature of the utility function but is always positive for reasonable val-
ues of the intertemporal elasticity of substitution (see Jones et al. 2005). However, we show that
this is a direct consequence of the artificial limitation the CRRA assumption imposes on prefer-
ences by constraining risk aversion to be the inverse of the elasticity of intertemporal substitution.
With EZ preferences, this constraint, which lacks any clear rationale, is removed, and the negative
relationship between growth and its volatility suggested by the data can be obtained.

In Figure 3, we plot the unconditional mean of output growth, its standard deviation, and mean
labor E(n) for different values of the standard deviation of the innovation o and of the autocor-
relation coefficient ¢. We also plot the welfare cost of increases in o, which, following Epaulard
and Pommeret (2003), is defined as an equivalent variation and, specifically, as the percentage of
physical capital, say «, an agent in a deterministic world is willing to give up at period t =0 to
avoid moving to a stochastic one.!® In our benchmark calibration, this cost is around 1.7%. This
cost represents a substantial welfare loss, consistent with the findings of Epaulard and Pommeret
(2003) and Barlevy (2004). As can be seen from Figure 3, the loss of economic growth and wel-
fare can be significant in the face of economic perturbations of the order of magnitude recently
experienced in many countries.'?
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Macroeconomic Dynamics 9

To explain our finding, we isolate five different effects: (i) the mean effect, (ii) the risk aversion
effect, (iii) the labor welfare effect, (iv) the substitution effect, and (v) the income effect. The
first two effects combine to determine how the certainty equivalent return to saving changes with
uncertainty. The third effect captures the welfare cost of the fluctuations through changing labor
supply. The last two effects determine the impact of the first three effects on investment (saving)
decisions.

The mean effect arises as the expected return to savings increases in the standard deviation
of the shocks. To understand why this may be the case, consider that a favorable realization of
s makes output increase one-for-one, given the inputs. In addition, if agents adjust their choices
depending on the realization, for instance, by working more when it is more productive to do
so, output can increase further. Hence, an increase in productivity will raise output more than
proportionally: the reduced form (equilibrium) production function and its first derivatives are
then convex with respect to the shocks.? Through Jensen’s inequality, the expected return to
savings will then increase in the volatility of the shocks.?!

The risk aversion effect works in the opposite direction. Risk aversion means that the certainty
equivalent of a gamble of a given expected value is lower, the higher the variance of the payoffs
across states. Or, equivalently, uncertainty has a negative effect on the expected utility of future
resources of a given expected value. As long as the risk aversion effect prevails over the mean
effect, the certainty equivalent of returns to savings will decrease with the standard deviation of
the shocks, reducing both welfare and the relative price between current and future consumption.

The labor welfare effect arises from the changes in the mean and variance of labor that a rise in
uncertainty may induce, as the period utility is strictly increasing and strictly concave in leisure.

Finally, the relative force of the substitution and income effects will decide how the change
in the certainty equivalent return to savings and the change in welfare through labor influences
saving decisions. The substitution effect discourages saving when the certainty equivalent return
to saving is lower. A negative income effect works in the opposite direction. When RA is high
enough, the certainty equivalent return to saving is negatively affected by uncertainty. When the
IES exceeds one, the substitution effect prevails over the negative income effect. This leads to
higher initial consumption and lower savings, on average. It also leads to a lower mean labor
supply. An intuitive explanation for this latter outcome is that, as shown before, when p < 1,
labor disutility increases with consumption. This trumps the negative income effect, pushing the
labor supply up.

3.3. Sensitivity

In this section, we conduct some sensitivity analysis to assess the robustness of our findings and
to gain deeper insights into the role of various features of the model in shaping results. We will
also stress the differences in results with respect to Epaulard and Pommeret (2003) and Jones
et al. (2005), and single out the mechanisms through which these differences emerge.

3.3.1. Risk aversion and intertemporal elasticity of substitution
Our first exercise consists of making the risk aversion y take different values (ranging from 0.5
to 40) for six different values of the elasticity of substitution (from 0.1 to 2). Table 2 reports the
unconditional means for output growth, E(g¥) and labor, E(n), along with the welfare cost of
fluctuations, «, for each parameterization. When changing the IES, the parameters A and x are
adjusted so that the steady-state growth rate remains equal to 2% and the labor supply equals
0.17.%

From the table, we see that the negative effect of an increase in the volatility of the shocks on
growth is possible only if the IES is higher than one and if the RA is high enough, while if the IES
is lower than one the effect is always positive.
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Table 2. Mean growth and labor, and welfare costs—the role of IES and RA

¥=15 ¥ =173 v=2
Y E(g") E(n) K E(g") E(n) K E(g") E(n) K
0.5 2.0388 0.1701 —0.1746 2.0510 0.1702 —0.1982 2.0694 0.1704 —0.2275
2 2.0296 0.1701 —0.0324 2.0363 0.1701 —0.0511 2.0470 0.1702 —0.0758
5 2.0112 0.1699 0.2515 2.0067 0.1698 0.2426 2.0022 0.1698 0.2273
10 1.9805 0.1696 0.7236 1.9574 0.1694 0.7312 1.9275 0.1692 0.7315
20 1.9191 0.1690 1.6632 1.8589 0.1686 1.7041 1.7782 0.1680 1.7360
30 1.8577 0.1685 2.5968 1.7603 0.1677 2.6715 1.6289 0.1668 2.7355
40 1.7963 0.1679 3.5245 1.6618 0.1669 3.6334 1.4795 0.1656 3.7298

¥ =01 ¥ =05 ¥ =07
Y E(g") E(n) K E(g") E(n) K E(g") E(n) K
0.5 2.0054 0.1700 —0.0178 2.0108 0.1699 —0.0758 2.0140 0.1700 —0.0969
2 2.0136 0.1700 0.0153 2.0160 0.1700 0.0201 2.0176 0.1700 0.0143
5 2.0301 0.1701 0.0811 2.0265 0.1701 0.2114 2.0247 0.1701 0.2360
10 2.0575 0.1702 0.1898 2.0440 0.1703 0.5285 2.0365 0.1702 0.6040
20 2.1124 0.1705 0.4038 2.0789 0.1707 1.1568 2.0601 0.1705 1.3342
30 2.1673 0.1707 0.6133 2.1138 0.1711 L7772 2.0838 0.1708 2.0568
40 2.2222 0.1710 0.8185 2.1487 0.1715 2.3898 2.1074 0.1710 2.7718

Note: The table reports the unconditional means for output growth and labor, and the welfare cost of volatility, « (in %) for different values of
the risk aversion (RA) ¥ and of the intertemporal elasticity of substitution (IES) . For the triplet of values of v/, {1.5, 1.73, 2}, the corresponding
values of y, above which mean growth goes below its deterministic counterpart, are {6.82, 5.68, 5.15}. At the deterministic steady state, g" = 2%
and n=0.17.

An intuitive explanation for these findings is the following: when RA is low, the certainty equiv-
alent return to savings will increase with the volatility of the shocks, pushing toward more savings
and growth through the substitution effect, whose size is increasing in the IES. When RA is high,
the certainty equivalent return to savings will decrease with the volatility of the shocks, pushing
toward less savings and growth through the substitution effe