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We assume that firms are more risk averse than households and that they manage their risk
through a financial sector, which consists of learning and hedging. Firms that learn (by
observing demand shocks) face less uncertainty and produce more than firms that hedge
(by selling future production at a fixed price). If a policy or parameter change stabilizes
the economy, then there is less learning and usually less production. Welfare, however, is
usually maximized when the financial sector, which requires inputs but does not directly
provide utility or affect production, is smallest. Monetary policy can improve welfare by
either taxing learning or subsidizing hedging. If firms are risk averse over nominal profits
instead of real profits, then interest rate policy can also improve welfare by stabilizing
prices and thus minimizing the size of the financial sector.
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Monetary Policy

1. INTRODUCTION

Contemporary business cycle models typically assume that firms do not actively
manage risk. This paper develops a framework where demand-shocked firms ex-
hibit additional risk aversion and where they use learning (acquiring information)
and hedging (sharing risk) as alternative risk management strategies. Our approach
has implications for monetary policy, which differ from those of standard frame-
works such as the New Keynesian framework. Monetary policy has unusually
large effects on mean consumption and output that dominate the more common
stabilization motive.

The monetary authority would ideally like to attain high levels of average
consumption, but it would also like to minimize the scope of financial activities
(learning and hedging) that use resources but do not directly yield utility. When
firms are risk averse over real profits, monetary policy is limited to taxing or subsi-
dizing financial instruments. The optimal policy is to heavily tax learning. Doing
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so sacrifices a small amount of mean production and consumption in exchange
for minimizing the size of the financial sector. If firms are instead risk averse over
nominal profits, then an interest rate rule that stabilizes prices is optimal even
though it entails a large loss of production and consumption in order to minimize
financial activities.

Firms are likely risk averse both because they incorporate the concavity of
households’ utility functions and for other reasons as identified by the related
literature. Econometric evidence from Hall and Liebman (1998) and Guay (1999)
suggests that compensation schemes induce firm managers to exhibit excess risk
aversion. Tufano (1996) studies the gold-mining industry and finds that the degree
of firm risk aversion increases with the amount of stock options held by the firm’s
manager. Other explanations include either the effect of risk on external finance
or heightened costs of financial distress.

The evidence is also clear that firms actively manage risk. Bodnar et al. (1998)
find that 50% of corporations, and 83% of large ones, hedge risk through the
use of derivatives. Geczy et al. (1997) find that large corporations also hedge
against exchange rate risk through the use of currency derivatives. May (1995)
examines the risk reduction behavior of American corporations and finds that
those with CEOs who have significant wealth vested in the firm engage in more
risk reduction.

Our framework introduces a financial sector that allows firms to actively manage
their risk through learning and hedging. Both types of financial activities provide
disutility by requiring labor supply and neither directly contributes to production
nor consumption. Learning firms pay a cost to contemporaneously observe the
economy’s stochastic demand shocks. Hedging firms cannot observe these shocks,
but instead manage risk by selling some of their production at a predetermined
price. We introduce this learning-hedging choice into a microfounded model of
monopolistic competition.

When a parameter or policy change affects volatility, we identify three effects.
The first two affect firms’ production, which equals households’ consumption.
First, as profits become more stable, hedging firms respond by increasing their
production. We denote this as the supply side effect. Second, more stable profits
incentivize fewer firms to learn. But learning firms produce more than hedging
firms on average, and production thus declines. We denote this as the learning
effect. It works in the opposite direction of the supply side effect. The third effect
refers to the change in financial activities that results from less learning and
changes in hedging. We denote this as the financialization effect. Throughout the
paper, the size of the financialization effect closely tracks changes in learning as
opposed to hedging.

Whenever a policy or parameter change stabilizes profits, we find that firms
invest less in learning and the financial sector shrinks. These changes, however,
cause output to exhibit a less efficient response to demand shocks. Stabilization,
however, is usually of secondary importance. Because financial activities require
labor that yields disutility, optimality usually occurs when the financial sector is
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minimized. We identify several cases where this entails less mean production and
consumption.

For most of the paper, we assume that firms are risk averse over real profits.
Because the model includes no nominal distortion, the role of monetary policy
is limited to taxing or subsidizing financial instruments. Here, the policy maker
can improve welfare by disincentivizing learning. One approach is to subsidize
hedging. This produces both a small increase in mean production and a smaller
financial sector. It is better, however, to tax learning (at a rate of at least 25% in the
baseline case). Here, optimal policy accepts lower levels of both production and
output? by minimizing volatility in exchange for less risk management activity.

We also consider a case where firms are risk averse over nominal profits. Here,
the optimal policy is an interest rate rule that achieves a highly stable price level.
Although this is similar to a basic New Keynesian model, the motivation is very
different.> The monetary authority accepts a large reduction in production in order
to reduce learning. The financialization effect is again critical.

Our paper contributes to a literature that suggests that monetary policy may
have supply side effects by stabilizing the business climate.* For example, in the
theory of Huizinga (1993), increased volatility makes the profitability of current
investment decisions less predictable, which lowers investment and therefore out-
put growth. Other papers have demonstrated that monetary policy may have supply
side effects through very different mechanisms. The most common approach is
to assume that firms must carry sufficient working capital to pay their wage bill.?
In these papers, however, the supply side effects of monetary policy on output
are limited to its second moment. Our paper, however, identifies a novel motiva-
tion: Monetary policy should focus on minimizing the average level of financial
activities.

The paper is organized as follows. Section 2 develops our basic model. Section
3 introduces our calibrations and studies monetary policy. Section 4 discusses the
effects of several alternate modeling approaches. Section 5 concludes.

2. MODEL
2.1. Households

Our modeling of households is standard. A unit continuum of identical households
maximizes utility through the consumption of a composite good (C;) and the
supply of labor (¥,). Households take the nominal wage (W,) and price index
(P,) as given. We assume the following functional form of the representative
household’s utility function®:

Maxc, v, E; iﬁi i—ym : M
=" | (1= 0) U

S.t.
b+ PC, =R,_1b;_1 + N W, +1I,. 2)
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Here, U, is an exogenous independent and identically distributed preference
shock that is uniformly distributed between 1 — % and 1 + g where n € (0, 2).
Firm profits, IT,, are returned to the representative household, which takes them as
given. Households may purchase riskless one-period bonds (b,) from each other at
the interest rate (R; — 1), but in equilibrium, b, = 0. We assume that the monetary
authority is able to set R, at the level of its choosing.

Optimization yields a standard Euler equation and a first-order condition for

labor supply:
1 R
= () )
Cl Ut 7Tl+lCt+1 Ul+1
Wi
— =y, 4
vcop =Y @

where 7,41 = Py /Py

2.2. Firms

Consumption goods are produced by a unit continuum of ex-ante identical firms.
Each firm i produces a differentiated good; their goods are then costlessly trans-
formed into a final composite good using the standard indices’:

€

1 e—1 e—1
v, = < | Yijdi) s)
0
1 I—e
P = < f Pl.};edi> , (6)
0

with € > 1. The inverse demand function for firm i’s production is

Yz 1/e
P,=pP (") . 7
n () 0

Firms choose their risk management strategies, and possibly their production,
prior to observing a demand shock that affects the price of their production.
There are three methods of risk management. First, firms may eliminate risk
by acquiring better information, performing market research, or employing con-
sultants who are able to reduce uncertainty, etc. We refer to this type of risk
management as learning. Firms learn employ a fixed amount of labor to observe
the demand shock before choosing their production. Second, firms can hedge.
Hedging firms do not observe the shock, but instead contract to sell a portion
of their production at its expected price. We refer to both learning and hedging
as “financial” activities. Third, firms may reduce their risk by decreasing their
production.
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We denote a learning firm’s information set at the start of date ¢ by [;, and a
hedging firm’s by I, ,. If a firm learns, its information set includes U,. Because
the model exhibits no serial correlation, past variables are irrelevant at the start of
date ¢, so we suppress them from the information sets.

The following process determines production. First, all firms choose whether
or not to learn. The act of learning requires that a firm employ a fixed amount
of labor, «, beyond what is needed for production. Learning does not affect the
amount of output available for consumption, and its direct effect on the represen-
tative household’s utility is thus limited to increased labor supply. For notational
convenience, we refer to all firms that choose not to learn as hedging firms, even
though they may choose to hedge none of their output.

Hedging firms then make their choices without knowing the realized value of
the preference shock, U,;. We assume that firms choose their production and that
prices then endogenously adjust to clear the market. Section 4 briefly discusses a
version of the model where firms instead choose their prices and where production
endogenously adjusts. The results are similar.

In addition to choosing their production (Y} ), hedgers also choose how much
of their production to hedge (Z,), taking the per-unit price of hedging, &;, as
given (we model the hedging supply sector later in this section). Thus, I, ; = {the
model, Y;;, Z,, h,}; as noted later, stationarity makes h,/P, a known constant in
equilibrium. By hedging, a firm assures itself of receiving the rational expectation
of the price of a hedging firm’s production, E,_; (P ), per unit of production that
it hedges.® (Because goods are not perfect substitutes, and hedging and learning
firms generically produce different quantities, the price of hedging firms’ and
learning firms’ production are generally not equal.)

The demand shock is then realized and learning firms choose their produc-
tion knowing U;. Throughout this section, we assume that learning eliminates
all uncertainty, although Section 4 discusses an alternate case where learning
provides only a noisy signal of U,. Since U, is the only shock, observing it lets
learners infer the values of all endogenous variables; thus, [;;, = {the model,
Yieo Up Yo, Pro We, Ry, Ins).

Because our topic involves risk management, we need a tractable way of incor-
porating risk aversion into the model. We assume that all firms have mean-variance
preferences, an assumption frequently made in the economics literature [e.g., Parke
and Waters (2007) and Branch and Evans (2011)] and the standard assumption in
much of the finance literature. In addition to simply being a tractable way to model
risk management, the inclusion of mean-variance preferences in our model may
thus be interpreted as the additional risk aversion exhibited by firms compared
to households. This interpretation is defensible if firm managers are compensated
in a manner that creates additional risk aversion. Persuasive empirical evidence
from Hall and Liebman (1998) and Guay (1999) suggests that stock options
have caused many managers to exhibit excess risk aversion. Other explanations
for this type of risk aversion may include uncertainty over training and search
costs.!?
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2.3. Hedging Firms

The representative hedging firm thus solves the following problem:

Hh
Maxy,, 7z, Eii [7’ — ¢Var(n?/Pt|1h,,)} )
t
H YT PtYr1/€ —cYi Wy — Zilhy — Ei—1(Piy) + Pyl 9
N;
Vi, = —, (10)
C

where equation (7) has been used in the second expression, c is the constant amount
of labor needed to produce one unit, and ¢ represents the level of risk aversion. In
equilibrium, P;, = Py, for a hedging firm i, where P, is the common price of
hedging firms’ production.

Here, firms are averse to the variance of real profits (1'[? /P;). As a result,
monetary policy cannot affect the real economy through interest rate policy. We
show, however, in Section 3.1 that nonconventional monetary policy has important
effects through the taxation or subsidizing of financial instruments. Section 3.2
also shows that if firms instead care about the variance of nominal profits, then
they are then averse to inflation risk and interest rate policy has important effects.

The representative hedger’s revenue may be broken down into the certain hedged
component Z, E,;_ (P, ;), and the uncertain nonhedged component, (Y; , —Z,) P ;.
The firm’s wage bill cY;, W, is uncertain, while the firm’s hedging costs are
known. Inserting equations (4) and (7) into equation (9), and using ¥; = C;,
demonstrates that the random component of the hedger’s real profits equals
Yi;I/E Y, — Z,)Y,l/é —cyY;,U,Y,. Decomposing the variance allows us to rewrite
the hedger’s optimization problem:

I’ _
Maxy,, 7, E;—i [7 — @YV (Yi — 221 — Py Y2 Q
t
+2peyY,; (Y= Z09s), (an
where @, = Var(Y,'’|I,), @ = Var(Y?U|l,,), and Q3 =

Covar(Y,l/E, YU p,).
Here, 21, €2,, and 23 are constants conditional on a hedging firm’s information
set. Differentiating with respect to ¥; , and Z, yields two first-order conditions:

e—1

Vi By (V) = e B (M)

20€—1) =2 2e—2) =2 2
—¢|:— N (AR i (T Z2 Q...

€ ht €

2¢ — 1 el e—1
Y,

20y, + 2¢cy ( Y#Z:) Q=0 (12
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=2

=2 e—1
2h_1;, — o1 (Vi = Y,iZ0) + derY,; =0, (13)
In our simulations, the main source of risk is the wage bill, represented by £2;.!!
Equation (12) shows that increasing production therefore increases hedging firms’
exposure to this risk. Parameter or policy changes that stabilize wages (and thus
reduce 2;) therefore provide an incentive to both become a hedging firm, and for
hedging firms to produce more.

2.4. Learning Firms

The representative learning firm’s problem is simpler because the informational
structure implies that learning firms can solve for W,, Y;, and P, while choosing
their production. Ex ante, all firms have the same mean-variance objective function.
Because learning causes the conditional variance to equal zero, we suppress this
term while presenting the optimization problem:

-1
Maxy, Y7 PY)" — Wik — cW,Y;,, 14)

where « is the amount of labor needed to learn. Note that (14) is the problem
a learning firm solves after it has observed U,. A priori, there are two possible
dates at which the variance might be deleterious in firms’ objective function. One
possibility is that the relevant variance is the variance before firms choose their
output, and the other is the variance after they choose their output and while they’re
waiting for variables such as P and W, etc., to be realized. In the absence of any
reason to prefer one or the other, we assume that the second variance is the one
that influences firm decisions.'? At the start of the period, when firms are deciding
whether to learn, they know they will not suffer from the uncertainty if they choose
to learn. Below, this leads to the disappearance of the variance term from the right
side of (16), which equates ex-ante hedging and learning objectives.
Problem (14) yields the following first-order condition:

—1\°¢
Y],t = (6 ) Y[l_éUz_és (15)

ecy

where Y}, is a learning firm’s output.
To endogenize ¢;, the fraction of firms that learn, we equate the expected mean-
variance profits of learning and hedging. Any interior value of g; satisfies

iy h ;
Err| o = oVar(I} /Pl ) | = Evo | 55 ). (16)
P, P,

where the conditional variance of profits for learning firms is zero and is thus
omitted.
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2.5. Hedging Suppliers and Equilibrium

We assume the existence of a separate set of firms that are barred from producing.
Instead, these hedging suppliers agree to purchase the output of hedging producers
prior to observing U;. Hedging suppliers pay a price E;_; (P ;) per unit of output
and also receive the hedging price, /;, per unit purchased. Having purchased this
output, hedgers then sell it on the open market and return their profits to the
representative household.'?

We assume that hedging suppliers have the same mean-variance objective func-
tion as firms that produce. Hedging is a method of sharing risk within the economy.
Because hedging firms produce, while hedging suppliers do not, the former ini-
tially assume more risk than the latter. Like learning, the act of hedging requires
the employment of labor. We assume that each hedging supplier incurs a fixed
cost, tW,, and must pay variable labor costs that are proportional to the amount
of hedged production that it purchases, vZ;,;W;.!* Like producers that hedge,
hedging suppliers face risk from both the wage rate and the equilibrium price of
hedgers’ production. The optimization problem for a hedging supplier is thus

hZi, — W, —vZ; W,
P,

— ¢ P27 Nar(Py | 1ye) + ¢(VZi, + > Var(W, |1,

MaXZ’.‘[ Et—l {

—20Z;i 1 (VZi; + )Cov(Py,, Wt”h,t)]} . a7)

Manipulation of (17) and imposing a zero-profits condition, which determines
the number of hedging suppliers, yields the following equations. The details of
this derivation are shown in Appendix A:

h -1
E,_, (F) = E,_1[yvY U, + 2¢yi(yv2; — Yhft Q3)...
t
=2 ~1
+2 ¢LV(YI1; Q +y2Q; - 2VUYhf, Q) (YU + 1y 9€2y)] (18)
Y, U Q
Zii = Er ty (Y U; + 1y ¢S2) 19)

e e
¢(Yh,€t Q)+ }/2U292 — ZyUYh; Q3)

Because hedging firms and hedging suppliers are equally risk averse, 4/ P and
Z are largely insensitive to changes in risk. Furthermore, the size of the financial
sector closely tracks ¢g; and does not depend much on the behavior of hedging firms.
As a result, the model’s results are similar to simply treating #/ P as exogenous.

Because hedging and learning require additional labor rather than using pro-
duction, Y; ; = C;; and ¥; = C, in equilibrium. An equilibrium is any sequence
of g1, Yiis Ynis Pris Phy, Z4, Yy, Ziy, hy, and P, such that equations (3), (5)—(7),

https://doi.org/10.1017/51365100517000578 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100517000578

LEARNING, HEDGING, AND THE NATURAL RATE HYPOTHESIS 2017

(12), (13), (15), (16), and (18), (19) are satisfied. Because the interest rate rule
only affects P,, we assume that R, = B! for now.

The lack of serial correlation greatly improves the model’s tractability. To solve
the model, we rely on a first-order log-linearization around a zero inflation steady
state where m, = % = 1. We linearize equations that include variables that are
time dependent in equilibrium.

Log-linearizing the Euler equation, (3):
oY, = E(cYy + 1) — R — iy (20)
Log-linearizing a learning firm’s first-order condition, (15):
Y. =1 — €)Y, — eiiy. (1)

Log-linearizing the output index, (5):

e—1

—

el _el _el
YeY,=qY Y, +U—-qg)Y,* Y, (22)

where X is the steady-state value of X, and X, = %

The lack of serial correlation allows us to treat Yj, ;, Z;, Z; ;, h, 21, Q22, 23, and
q; as constants. We therefore do not need to log-linearize the first-order conditions
for hedging firms or hedging suppliers.

Notably, total output includes not just production but financial activities. Defin-
ing the financial sector to include both risk management activities (learning and
hedging), total output equals

GDP, =Y, + P,_][CIZKWz + A —qDh: Z]. (23)

The financial sector is included in output, but it does not produce production that
is consumed. It does, however, require additional labor. Typically, the financial
sector will be too large, resulting in reduced welfare through increased labor
disutility.

Combining equations (15), (21), and (22), and using the method of undetermined
coefficients yields a log-linearized expression for output!:

& €41 - -
Y, = = Uy = TUy. 24
- ag-(Gheret @

ecy

If g; = 0, then no firms observe the shock and 7 = 0 so that production is
constant. As g; approaches one, ¥ approaches (%), and 7 approaches —1 so that
demand shocks are fully passed on to production. Restating equation (20) and
taking the informed expectation

N P, +ii
=t 25)
o
P, = —(tro + Di,. (26)
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Here, 21, ©2,, and 23 may then be approximated as complicated functions of
€, n, T, and Y through integration by parts using (24), respectively. Solving for
equilibrium thus consists of jointly calculating the model’s steady state, t, 2,
Q», and Q3.

Because different parameterizations or policies affect the steady state, we can-
not analyze welfare by comparing the second moments of output and inflation.
Instead, we integrate the representative household’s utility function, (1), over the
distribution of #, in order to report expected utility.

3. RESULTS

We begin by considering different exogenous values of ¢;. The driving factor
behind these results is the volatility of the wage bill, which includes Var(Y? U,).
Hedging firms are unable to adjust their output in response to preference shocks.
When ¢; is low, the economy is mostly hedgers and Y; thus does not respond
much to U;. T in (24) is small and the wage bill is relatively volatile. Because
hedging firms are harmed by this risk, learning is preferable to hedging when ¢; is
low. As g; increases, output has an increasingly strong negative relationship with
U, because learners choose to reduce their output when U, is high. As ¢; — 1,
T — —1, and the wage bill becomes more stable. Higher values of ¢; thus make
learning less preferable. An equilibrium generally exists for an interior value of ¢,
where learners and hedgers expected profits are equal.

Our calibration sets 8 = 0.99. We follow Woodford (2003) by setting e = 7.67,
which implies a markup over marginal cost of 16%. We set ¢ = 1 so that the mean
and variance of profits are of equal importance. We set o = 1 so that utility
is logarithmic in consumption. We set ¢ = 1 and y = 1. Increasing either of
these parameters reduces the steady-state output.'® We set n = 0.2, implying that
preference shocks have a variance equal to 0.0033.!7 For our baseline case, we
set k = 1/3, ¢t = 0.02, and v = 0.01. Because ¢, 7, k, t, and v do not have
well-established calibrations, we later consider the effects of different values for
these parameters.

For this calibration, Figure 1 shows if ¢; is endogenous, then a unique equilib-
rium exists where g; = 14.4%.

Figure 2 shows welfare, production, and the financial sector. The bulk of the
financial sector is learning rather than hedging. Its size thus increases with g;. As
will typically be the case, welfare is closely connected with minimizing the scope
of the financial sector that requires labor but does not directly affect consumption. '8
As a result, optimality occurs when there is no learning. Production increases
slowly], increasing by 0.5% as ¢; increases from zero to one. Because production
is slightly increasing in ¢; and output is simply the sum of production and the
financial sector, optimality therefore minimizes output.

Figure 3 shows the behavior of hedging firms. Because unresolved risk pro-
vides an incentive to reduce their production, hedgers produce less than learners.
Notably, the amount of production that hedgers hedge is largely independent of g;.
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\ Profits equal at q_1=14.4%.
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FIGURE 1. Expected learning profits less hedging profits, exogenous g¢;.
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FIGURE 2. Output, welfare, and the financial sector, exogenous g;.
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FIGURE 3. Hedging sector, exogenous ¢;.

This is because both hedgers and hedging suppliers are equally risk averse. They
respond similarly to changes in risk, thus keeping the amount of hedging fairly
constant.

Finally, Figure 4 reports the dynamics around the steady state. As g; increases,
price volatility [measured by #] decreases, while output volatility (measured
by 7) increases. This is because hedging firms, unable to adjust their output in
response to U,, instead must allow their prices to respond. €2,, which represents
the volatility of the wage bill, also stabilizes as more firms learn.

3.1. Effects of Varying the Model’s Parameters

We now consider the impact on the model of varying some of its parameters.
Throughout this subsection, we assume that g; is endogenous, determined by (16).
We first formalize the supply side, learning, and financialization effects mentioned
in Section 1. To see the intuition behind each mechanism, suppose that a parameter
or policy change results in more stable profits.

The supply side effect exists because, when profits are more stable: (1) hedging
firms face less risk and (2) lower volatility reduces the price of hedging slightly, so
they face lower hedging costs. Both effects incentivize hedging firms to increase
production. We quantify the supply side effect as the change in production that
results from a parameter change, holding ¢; constant at its initial level.

When we allow an endogenous learning-hedging choice, we also find a learning
effect. The learning effect occurs because more stable profits reduce the incentive
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FIGURE 4. Dynamics around the steady state, exogenous ¢;.

to pay the labor cost of learning and fewer firm thus learn. But because learning
eliminates all uncertainty, learning firms produce more on average than hedging
firms and the learning effect tends to decrease average aggregate production as
profits stabilize. We quantify the learning effect by calculating the change in
production that occurs when ¢; is endogenous less the change in production that
occurs when ¢; is exogenous. The learning and supply side effects thus sum to the
total change in production.

In addition to including firms’ production, aggregate output also includes hedg-
ing and learning. These financial activities do not directly yield utility but do di-
rectly result in labor disutility. We define the financialization effect as the change
in financial activities that occurs as a result of a parameter change. As profits
become more stable, the incentive to use financial services becomes smaller. The
size of the financial sector closely tracks g;.

As we alter the model’s parameters, a few results stand out across all of the
exercises that follow. First, changes that either add risk or increase risk aversion
incentivize more learning. Second, the representative household’s expected utility
closely tracks the size of the financial sector, in an inverse way, and is maximized
when learning is minimized. Third, production exhibits a stronger response to
preference shocks when there is more learning.

We begin by varying ¢, the amount of risk aversion exhibited by firms. Figure 5
shows the results.

The left panel shows the steady-state values as ¢ increases, while the right panel
shows the dynamics around the steady state. Unsurprisingly, as firms become
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more risk averse, there is more learning. The learning effect thus leads to more
production. The firms that hedge, however, are more risk averse and produce less,
leading to a negative supply side effect. Overall, production falls by 0.1% as ¢
rises from O to 6. Higher values of ¢ always reduce welfare by inducing more
learning and a larger financial sector. Recall that ¢ measures firm risk aversion
beyond that of the representative household. It is thus intuitive that households do
best when there is no additional risk aversion.

We now vary 1, the support of the preference shocks. Figure 6 shows the results.

Higher values of 1 have similar effects as higher values of ¢. As risk increases,
more firms learn, leading to a positive learning effect. Hedging firms, however,
produce less, leading to a negative supply-side effect.!” Welfare, as expected, is
maximized when U; is a constant. In most macroeconomic models, agents do best
with small shocks. Here, however, the cause is not, as is usually the case, based
on stabilization. Rather, small shocks induce firms not to invest in costly financial
activities.
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Now, we alter o, the inverse intertemporal elasticity of substitution. Because
this term appears in the utility function, we do not report the effects on welfare.
Figure 7 shows the results.

The variance of the wage bill includes Var(Y;/ U,;). Low values of o cause Y,
to be more stable, and because Y, is a decreasing function of U,, this causes the
overall wage bill to be more volatile. As a result, as o increases, firms respond to
the resulting stabilization by learning less, which boosts welfare. Because price
volatility is measured by @, its dynamics are much more exotic than when
o=1

We refrain from reporting the effects of varying other parameters, including ¢,
and v because they do not have large effects. Because hedging suppliers are as risk
averse as hedging firms, they choose to purchase only a small share of hedgers
output for all calibrations that we consider. Varying the labor requirements of
hedging thus has only small effects.

Because this version of the model does not include any nominal rigidity or
related distortion, the effects of nominal interest rate policy are limited to the
price level. There is, however, an important role for nonconventional monetary
policy, interpreted here as the taxation or subsidization of financial instruments
(learning and hedging). We now analyze taxes on either hedging or learning under
the assumption that revenue is returned to the representative household in the form
of a lump sum transfer. Subsidies are likewise paid for using a lump sum tax on
households. We begin with a tax on learning.?° Figure 8 shows the results.

A large tax on learning is desirable because it discourages learning and thus
minimizes the size of the financial sector. If this tax is greater than 25%, then
there is no learning and welfare is maximized. This is despite a small decline in
production as the learning tax increases.

Figure 9 report the results for a tax on hedging.

Subsidizing hedging also improves welfare by incentivizing firms to switch
from learning to hedging. It is not, however, as effective. Even an 80% subsidy is
only able to reduce ¢; from its baseline value of 14.4-11.0%. Optimal monetary
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policy is thus achieved by minimizing the size of the financial sector by harshly
taxing learning by at least 25%.%'

3.2. Nominal Profit Risk Aversion and Monetary Policy

Because we have assumed that firms are averse to the risk of real profits, interest
rate policy has had no real effects in the model. Here, we show that if firms are
instead averse to the risk associated with nominal profits, then interest rate policy
has important implications in this framework. We replace (8), hedging firms’
objective function, with

n*  Var(M}r
Maxriz, Fict _t“/’w : @7)
P P

Equation (27) captures the notion that firms care about inflation risk. Hall and
Liebman (1998) argue that stock options cause firm managers to exhibit excess
risk aversion. These stock options usually are not indexed to broader stock indices
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FIGURE 10. Interest rate policy: Endogenous ¢;.

and they rarely, if ever, are indexed to inflation. We thus might expect firms to be
risk averse over nominal profits, as in (27), instead of real proﬁts.22

Because nominal profits are more volatile than real profits, we reduce the
support of the preference shocks so that n = 0.1, and we reduce risk aversion so
that ¢ = 0.5. The remaining parameters are unchanged from their baseline values.
We assume that the monetary authority uses the following interest rate rule:

R =1,B. (28)

Because the model exhibits no serial correlation, a policy rule that targets
inflation, and thus depends on the lagged price level, only adds noise. We thus
assume that interest rates depend only on the price level. Details on solving this
version of the model are provided in Appendix B.

Figure 10 reports the effects of varying A, between —1 and 3. The bottom-right
panel reports the utility loss relative to the optimum (A, = 3), measured as the
percentage increase in steady-state consumption needed to set expected utility
equal to its maximum.

As A, increases, the price level stabilizes as shown in the top-left panel. As
prices stabilize, fewer firms choose to learn as shown in the top-right panel.
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Because hedging firms produce less than learners, low values of g; result in less
production. Production thus decreases significantly along with A, as shown in the
bottom-left panel. Optimality, however, again depends on minimizing the size of
the financial sector. As shown in the bottom-right panel, expected utility converged
to its maximum as learning is minimized as A, grows larger.* Optimality thus
entails minimizing both production and output in order to avoid wasting too many
resources on financial activities.?* This can also be seen by breaking down the
supply side, learning, and financialization effects, as shown in Figure 11. Here,
each is measured relative to A, = 3.

4. NOISY SIGNALS AND OTHER ALTERNATE ASSUMPTIONS

This section discusses several alternate modeling approaches. Throughout, our
main results, including that volatility increases the size of the financial sector that
then reduces welfare, are preserved. We present detailed results for one alternate
approach; the case where learning provides only a noisy signal of the demand
shock.
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4.1. Noisy Signals

In Section 3.2, increased price volatility induces more learning, which then results
in both more production and a larger financial sector. This result is not inconsistent
with the empirical evidence for low-volatility economies that fails to show a
consistent relationship between price volatility and output.?® For high volatility
regimes, however, the data show that higher inflation volatility does significantly
reduce output.>” We now show that our model can yield this result by making the
reasonable assumption that learning yields a signal of U, but does not eliminate
all uncertainty.

We make several changes to the model, some in the interests of tractability.
First, we greatly simplify the model’s stochastic structure. We assume that U,,
with probability 1, equals either U+ or U~ where U > 1 > U~ > 0. We

set U™ = wyfil, which makes average output independent of U™. Second, we
assume that learners receive a signal that indicates the correct value of U, with
probability 0.9, and the incorrect value with probability 0.1. Third, we assume
that monetary policy observes the correct value of U, and that it responds directly
to the demand shock by setting R, = B~ + A, (1 — U") if U, = U™ and
R, = B ' —x,(1 —U?") if U, = U~. Fourth, we analyze the nonlinear model
instead of a linear approximation in order to consider large deviations from the
model’s steady state.

In this version, learners, as well as hedgers, reduce their production as the
conditional variance of profits increases. There are four possible equilibrium
values of production, corresponding to the two values of U, and the two sig-
nals. Table 1 reports the equilibrium properties for different policies where
Ut =1.052%

The main effect of this modification is to strengthen the supply side effect.
Learners can no longer fully insulate themselves from inflation risk and as prices
become more volatile, both hedgers and learners reduce their average production.
As A, decreases, prices destabilize. The supply side effect now dominates the
learning effect, and average production thus decreases. The magnitude of the
effect, however, is relatively small as long as ¢; is below its maximum value.? Once
learning is maximized, however, the learning effect is exhausted and additional
volatility begins to rapidly reduce production through the strengthened supply
side effect. Whereas increasing the variance of the price level from 0.012 to 0.206
reduces production from 0.869 to 0.800 and learning from ¢; = 0.32to ¢; = 0.98,
additional uncertainty results in almost no additional learning. An approximately
equal subsequent increase in price volatility now results in a dramatic reduction
in average production; when the variance of the price level equals 0.416, average
production only equals 0.346.

The overall pattern thus fits the empirical results. Taken as a whole, the results
of this paper provide theoretical ambiguity that helps explain the lack of a strong
empirical relationship between inflation volatility and output for low volatility
regimes. The nonlinear simulation of this section, however, demonstrates a strong
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TABLE 1. Effects of monetary policy with noisy signals

M a Y Y+ Y- Y, Var(P,)
0 0.32 0.869 0.837 0.901 0.867 0.007
-0.5 0.32 0.869 0.837 0.901 0.866 0.012
-1 0.32 0.868 0.836 0.900 0.863 0.018
-2 0.34 0.865 0.833 0.898 0.850 0.035
-3 0.37 0.860 0.826 0.894 0.820 0.056
—4 0.44 0.853 0.817 0.890 0.763 0.079
-5 0.54 0.848 0.808 0.887 0.675 0.104
-6 0.68 0.845 0.802 0.888 0.456 0.159
-7 0.75 0.832 0.799 0.868 0.416 0.167
-8 0.89 0.827 0.797 0.858 0.380 0.181
-9 0.98 0.800 0.791 0.809 0.303 0.206
-10 0.99 0.775 0.775 0.774 0.240 0.235
—11 0.99 0.753 0.752 0.754 0.190 0.262
12 0.99 0.727 0.721 0.734 0.150 0.287
—13 0.99 0.686 0.679 0.694 0.118 0.315
—14 0.99 0.628 0.623 0.634 0.091 0.341
—15 0.99 0.562 0.550 0.574 0.068 0.365
—16 0.99 0.465 0.455 0.475 0.049 0.392
17 0.99 0.346 0.335 0.356 0.032 0.416

negative relationship for high-volatility regimes where producers are unable to
ever fully insulate themselves from inflation risk.

4.2. Firms Choose Prices and Output Adjusts

We also consider a version of the model where firms choose their prices and
their output then endogenously adjusts to clear the market.>® The only major
change in this version is that hedging, which involves contracting to sell output
at its expected price, is no longer well defined. In a version of the model without
hedging, however, the results are very similar to Section 3. Parameter changes that
increase risk aversion of risk again induce more learning, which reduces welfare.
If firms are risk averse over nominal profits, then optimal policy again minimizes
price volatility in order to minimize the scope of financial activities. Figure 12
shows these results.’!

4.3. Alternate Informational Structures

Our ordering of production, where hedgers producers and hedging suppliers must
make their decisions before observing U, eliminates opportunities for firms to
extract information based on other firms’ behavior. The primary appeal of this
assumption is admittedly its convenience. We now briefly discuss a more complex
version of the model that allows for a more plausible informational structure.
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FIGURE 12. Interest rate policy: Endogenous ¢;: Model where firms choose prices.

Suppose that the demand for any firm’s output depends both on an observable
aggregate demand shock, and a firm-specific demand shock. Our risk management
framework may then be extended to how firms manage the risk associated with the
firm specific shock. The main effect of this modification is that hedging suppliers
are able to reduce their risk by purchasing the output of a diversified set of firms.
As a result, the equilibrium hedging price is reduced. The effects of this change
are to make hedging somewhat cheaper. This has only very small effects on our
major results.

4.4. Considering Households’ Marginal Utility of Consumption

We also consider the model where firm preferences incorporate households’ (who
own firms), marginal utility of consumption. This replaces (8) with

I’ I’
Maxy. E_i | —— — ¢V 11 . 29
aXYx.hZz t—1 [Ptclg ¢ ar <Ptcto— | h,l)} ( )

This modification does not qualitatively affect our results. Learning firms again
produce more output than hedging firms. Policy can again improve welfare by
taxing learning or subsidizing hedging. And monetary policy maximizes
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household utility by stabilizing prices in order to minimize the scope of the
financial sector.

4.5. Cost Shocks

We also consider a version of the model with cost shocks instead of preference
shocks. This entails setting U, = 1 Vr and assuming a distribution for ¢,, the,
now stochastic, labor required to produce one unit. Notably, ¢, simply replaces
U, in both the representative household’s first-order conditions, (3) and (4), and
that for learners, (15). Inserting (4) into (9) shows that the second term on the
right-hand side of (11) changes from ycU,Y; ,C/ P, to yc,;Y;,C? P,. From the
perspective of a hedging firm, this makes no difference. Their wage bill is equally
uncertain regardless if the uncertainty comes from a demand shock or a cost shock.
Continuing forward, t has the same solution as in (24) and ¢, replaces U, in the
definitions of 21, €2,, and 3. Thus, any distribution of U, produces very similar
results for a version of the model where that distribution instead governs c;.3? It is
thus reasonable to think of the variance of U, as approximately coming from both
preference and cost shocks.

5. CONCLUSION

Our paper shows that adding risk management into a business cycle model adds an
important motivation where policy makers must consider the size of the financial
sector. Increased risk aversion, or changes that add volatility, now have important
effects on the steady-state levels of production, output, and consumption. Cru-
cially, by encouraging more financial activities (specifically learning), they reduce
welfare. Policy makers can improve welfare most effectively by taxing learning or,
less effectively, taxing hedging. If firms are risk averse over nominal profits, then
interest rate policy is also effective by minimizing price volatility and therefore
minimizing the financial sector, even though this also reduces production and
consumption.

Our paper focuses on only a few type of financial activities and a few sources
of uncertainty. Given the significance of our results for central bankers, it is
worthwhile to extend our framework to many of these extensions. We conclude by
discussing two. First, if we extend the role of the financial sector so that it acts as
an intermediary by extending credit, is it still true that optimal policy minimizes
the scope of the financial sector? Second, we assume rational expectations where
agents know the model’s reduced form solution. This minimizes the amount of
uncertainty in the economy that may thus reduce the role of our financial sector.
The adaptive learning literature instead assumes that agents revise their beliefs
over time using standard econometric techniques. Adaptive learning introduces
additional volatility into a model and it is of interest to examine how this extra
uncertainty affects risk averse agents.>* It would be worthwhile to see if our results
extend to a version of the model with adaptive learning.
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NOTES

1. See, for example, Amihud and Lev (1981) and Choudhary and Levine (2010).

2. Because output includes the financial sector, we use the term “production” (Y;) to refer only to
consumption goods produced by firms. Production and household consumption are equal.

3. See Benigno and Paciello (2014) for helpful discussion of this issue in the New Keynesian
framework. In a basic New Keynesian model, price stabilization minimizes inefficient price dispersion
and is thus optimal. This motivation dominates any effect on mean output that is often assumed to be
at its efficient level through the use of a subsidy on employment.

4. For a nonacademic example, see Edward Prescott, “Five Macroeconomic Myths.” Wall Street
Journal, 12/11/06.

5. See, for example, Christiano et al. (1997) and Cooley and Nam (1998).

6. In addition, the representative’s household’s objective function may also include real money
balances. The resulting money demand equation then allows the monetary authority to determine the
equilibrium interest rate. Because money plays no additional role in the model, however, we instead
simply assume that the monetary authority may directly determine the nominal interest rate.

7. One interpretation of the composite good is that a competitive retail sector costlessly transforms
intermediate goods into final goods using (5). See Woodford (2003).

8. This approach is identical to hedging firms contracting in advance to sell their hedged output at
aprice of E;_1(Py ;) — h,. Notably, the price of hedged output equals the price of the average hedging
firm’s production, not the specific firm that contracts to hedge its output. This distinction prevents
hedging firms from attempting to profit by producing additional output in order to drive their firm
specific price below that of the average hedging firm.

9. This ordering of the production process creates an informational structure where firms cannot
extract information about the demand shock based on the behavior of their competitors. Section 4
discusses alternate, more complex, version of the model where each firm’s demand depends both on a
fully observable aggregate shock and a firm-specific unobservable shock.

10. See Choudhary and Levine (2009).

1

11. We later calibrate € = 7.67. Yel is therefore always close to 1 and €2, which includes Var(Y,E ),
is thus small.

12. There is also this argument in the favor of our approach: Before firms have made decisions on
output they retain their flexibility, so it is plausible that uncertainty is not deleterious at that time. After
they have chosen output, they have lost their flexibility and thus feel the full weight of the uncertainty.

13. It makes no difference, however, if hedging suppliers and hedging producers engage only in
paper transactions or if hedging suppliers directly return Z, to the representative household.

14. Without a small fixed cost, the number of hedging suppliers will approach infinity, and the
amount that each supplies and the price of hedging approach zero.

15. The solution represented by equation (24) is not necessarily unique, but instead represents the
model’s minimum state variable solution. We are able to rule out alternate solutions were ¥ may be
written as an autoregressive-moving average (ARMA) process. We cannot, however, completely rule
out the possibility of more exotic, alternate solutions.

16. If the input requirements of risk management are adjusted in proportion to the change in steady-
state output, then our results are qualitatively unaffected by changing either c or y.

17. Supply shocks where c is stochastic have almost the same effect as our demand shocks.

18. Individually, households are better off supplying labor for financial activities. The reduction
in profits, which are returned to households, however makes all other households worse off. All
households would be better off if they could coordinate not to supply financial labor.

19. Production is minimized when n = 0.229. Here, it is 0.6% lower than its values either when
n = 0 or n = 0.43, the largest value we report.

20. The effects of increasing, «, the cost of learning are similar and we thus do not report them.

21. The nature of optimal policy is the same for all of the alternate calibrations considered in this
section. Optimal policy taxes learning in order to drive g; to zero.
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22. By relying on the ratio of the variance to the squared price level instead of Var(I1} |l )/ P;,
we ensure that no real variables depend on the steady-state price level, which is indeterminate in the
model. When calibrating the model, we normalize the steady-state price level to one. The effects of
instead using the ratio of the variance to the squared steady-state price level are very similar.

23. Increasing A, above 3 leads to increasingly small increases in utility and decreases in production.

24. This result is the same for all of the calibrations discussed in Section 3.1. Optimal interest rate
policy minimizes learning by stabilizing prices.

25. The oscillatory pattern seen in some of these panels is a remnant of the computational algorithm
that optimizes over a discrete set of values for ¢;.

26. See Barro (1995) and (1996).

27. Temple (2000) discusses the theoretical relationship between price volatility and output. He also
discusses the strong correlation between inflation volatility and average inflation that makes them it
statistically very difficult to separate their effects.

28. Y now reports the average value of Y instead of its nonstochastic steady-state value.

29. In this section, expected utility tracks production.

30. This is standard in the New Keynesian literature. See Woodford (2003a).

31. Here, we assume that interest rates respond directly to the demand shock: R, = Ayiiy.

32. This change does have small effects when integrating over households’ utility function in order
to compute welfare. But these effects do not alter any of our major findings.

33. For a general discussion of adaptive learning, see Evans and Honkapohja (2001). For an appli-
cation of adaptive learning to monetary policy, see Orphanides and Williams (2007).

34. We treat the output of hedging firms, Y}, as observable to hedging suppliers.
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APPENDIX A: HEDGING SUPPLIERS

Using equations (4) and (7), the representative hedging supplier’s problem may be rewritten
in terms of €, ©,, and £3>*:

hZi ) 2 2
MaXZ,V,Et—l P -y +vZ )Y, U — ¢[Yh,; Z[JQI + Y +vZi )

t
=1
=2yt +vZ, )Y, Zi‘tQ3]} . (A.1)

Differentiating with respect to Z;, yields a first-order condition for the representative
hedging supplier:

—1

i o1
7 —yoU —2¢yu(yvie, — Y, 23)

Ziy=E i | '—— = . (A.2)
20(Y,5 Q1+ y2uiQ, = 2yuY,§ Q3)

bt

We impose a zero-profits condition to determine the equilibrium value of Z;, h,, and
corresponding number of hedging suppliers:

h -1
E,_, (F) =E,_[yvY, U + 2¢V‘(VUQZ - th Q3)...

t

=2 =1
+2\/¢Ly(Yhft Q) + Y22, = 2yvY, S Q)Y U + 1y dy)] (A.3)

ty (YU + 1y o)

Zi.t =E_ ) 1
&Y, Q1 + y2u2Qy — 2yvY, S Q)

(A4)

APPENDIX B: THE MODEL WITH RISK AVERSION
TO NOMINAL PROFITS

This appendix provides additional detail on the version of the model from Section 3.2
where firms are risk averse to nominal profits instead of real profits. Equations (1)—(7),
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which describe the behavior of households, are unchanged as are (14)—(16), which describe
the behavior of learners.
Hedging firms face the following optimization problem:

n'  Var(I"|1,,)
Maxy. E_ ||+ —-—¢p—L—22 B.1
aXy/J,Z, —1 |: Pt ¢ P,Z i| ( )
=1

n'=v, 7 Y —c¥,W, — Z(h, — E_[Pi,] + P.,) (B.2)

N;
Yio=—" (B.3)

C

Decomposing the variance allows us to rewrite the hedger’s optimization problem:

mny —2/¢ 2 2. 22 =L
MaXy,.,.z, E,_4 [? —¢Y,- (Yi,t —Z,)° Q) —¢cy Y,’,,Qz +2¢C)’Yi_f Yy — 21)93] ,

N
t
(B4)
Var(P,y[lz/‘\Ih),), Qz _ Var(P,};‘):zU,\Ih,,) , and 93 _ COVal’(P/Y‘l/;ZP,Y["Uz\Ih,t) )
1 1
Due to stationarity, €2, €2, and €23 are again constants conditional on a hedging firm’s
information set. Differentiating with respect to ¥; , and Z, yields two first-order conditions:

where Q) =

e—1_ =t 1 206 — 1) <=2 2(e—2) =2
Yh; Et—l(YzE) - CVEt—l(YtUt) —¢ [fyh*; - fyh; Z,
207
_EY"” Z; Q...
2 2 2e — 1 et €e—1 —1/e
=2¢c y Y, + 2¢cy Tth - c Yh,r Z,)23=0 (B.5)
h, 2 =2 =
2P — P2 (Yh,; =Y, Z,) +¢C]/Yh1: Q; =0. (B.6)
t

Apart from the new formulae for €2, €2, and 23, hedging suppliers face the same
problem as in Appendix A. Solving the model now involves assuming an interest rate rule
and using the log-linearized Euler equation:

R =%,P (B.7)
oY, = E, (oY1 + fis1) — R, — ;. (B.8)
Combining these and taking expectations yield

B = M_ (B.9)
1+2,

Equation (24) continues to determine the equilibrium value of production. Solving the
model again consists of jointly solving for 2, 2,, and @3, 7, and the model’s steady state.
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