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Abstract

This paper is a contribution to the literature on possible pro-cyclical
effects of capital rules under Basil 2 capital regulations. The addition
of both idiosyncratic uncertainty and risk averse managers to a cash-in-
advance model with financial intermediaries that finance working capital
changes the way that the interest rate paid by borrowers responds to
technology shocks and the correlation of these interest rates with output.
Without idiosyncratic uncertainty, the interest rate for working capital
borrowed by the firms is positively, and highly, correlated with output.
Once idiosyncratic technology shocks are added, the correlation between
the interest rate for working capital borrowed by the firms and output
becomes highly negatively correlated. In stationary states, increases in
the idiosyncratic shocks cause the risk averse firm managers to produce
at levels where average total costs are well below average output, provid-
ing them with a partial cushion against a very low idiosyncratic shock.
When absolute risk aversion is high, the effect is to dampen the effects
of monetary shocks in the economy with idiosyncratic risk, but when ab-
solute risk aversion is low, the effects of monetary shocks on real variables
is higher, the larger the idiosyncratic risk.

1 Introduction

There has been a substantial recent literature on the relationship between busi-
ness cycles, interest rates, and bank capital. Part of the interest in this theme
has been generated by the new Basel II rules for bank capital and the fear that
these rules will have the effect of increasing the output cycle. To be able to
deal with these questions, it is necessary to have a model that can generate the
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counter-cyclical relationship between interest rates and output, and between
output and capital (or bank loan loss provisions).

This paper presents a simple model in which a financial intermediary exists
to provide working capital for firms. The working capital borrowed at the
beginning of a period pays for labor input in that period and is paid back at
the end of the period. However, firms are subject to idiosyncratic technology
shocks that is know only after the production process has occurred and that
will cause some of the firms to fail. The idiosyncratic technology shocks that
we add are uniformly distributed is a symmetric band around one.

In order to have a relatively small number of firms fail, we need the managers
of the firms to be risk averse. If the managers were risk neutral, half of the
firms would fail each period. This seems excessive. The problem is how to
make managers risk averse without adding too much heterogeneity to the model.
This we do by making managers like everyone else except that they get non-
pecuniary rewards (or punishments) for the profits (or losses) that their firm
makes. While non-pecuniary rewards are not all that common in the economic
literature, they have been used in models like Diamond [1] for the managers of
banks.

One question that the model faces is how much risk aversion should we give
the managers. If they are too risk averse, the economy pays very high costs in
terms of average output and output variance can decline as a function of the
idiosyncratic risk. With less risk aversion (values for absolute risk aversion
less than one), we find example economies where idosyncratic risk increases
the variance in output and where interest rates and loan loss provisions move
opposite output in response to technology shocks.

Since the risk averse firm managers are the most complicated element of
the model, we deal with them first, followed by the financial intermediaries and
then the rather standard household sector. We find stationary states, log-
linearize the model and study the standard error and correlation characteristics
of simulations.

2 Firms

We want firm managers to be risk adverse. However, the nonlinearity that
come from the agent’s optimization problem makes aggregating very difficult if
individuals have different incomes. One way to handle this is to allow money
or goods incomes to be the same and to put the concavity that we need for risk
aversion as a non-pecuniary result in the utility function. Firm managers get
the same wages as the rest of the workers, earn returns on their capital holdings
and bank deposits just as everyone else, but they get an additional welfare gain
or loss as a function of the profits of the firm that they manage. Devices of
this form have been used before, for example, in Diamond [1], for the contracts
between lenders and firm managers and between depositors and bank managers.

A small fraction of the population are managers of firms. They supply labor
to the market for wages and rent capital just as everyone else in the economy



does but they also receive (additively) utility based on the results of the firm
that they manage. Their utility function is of the form
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where ¢ is an idiosyncratic shock coming from a uniform distribution from
[gpl, cp“] and r,{ is the gross interest rate paid by the firms for borrowing work-
ing capital to pay labor. The aggregate technology shock \; is known at the
beginning of period ¢ but the idiosyncratic shock, ¥, is known only after pro-
duction has occurred. Note that the managers of firms don’t receive the profits
from their company, but instead are paid in some utility enhancing (or reducing)
way based on the performance of their firm. The function G(r}) is concave
and increasing in time ¢ profits. Since production decisions are separable from
the other decisions and are independent of the individuals income from labor or
capital, managers of the firms want to maximize
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Firms are owned by the families who receive dividends that are the sum of
the profits of the firms that make profits. Firms borrow from the financial
intermediary to finance their labor bill and pay off capital rentals with earnings
before they pay back the loan for working capital. The idiosyncratic shocks are
independent across periods for each firm and there is no memory of the managers
previous performance. For these reasons, in each period a firm maximizes
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where the expectation is over the idiosyncratic shock ¢f. '
When the distribution of idiosyncratic shocks are uniform, assuming that o7
is distributed uniformly over [<pl, cp“], this problem can be written as
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The first order conditions for this problem (after removing the constant term

ﬁ) are, for capital,
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and, for labor,
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A G(-) function that displays constant absolute risk aversion, some characteris-

tics that we might want, is
G(z) =n(1—exp(—azx)).
Using this function, G'(-) is
G'(z) = anexp (—ax)

and the coefficient of absolute risk aversion is

d*G(z
oSS0 e (caz)
d(;(gc) anexp (—ax) ’

The explicit version of the first order conditions can be written as
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Taking the integrals gives
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This implies that in equilibrium, one of the usual cost minimization conditions
applies,
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The left hand side of this equation can be further simplified to

"
yi'eoV — yjeove

u 1
1 g —eolwi—n)
1
o=y -
eyt — eayi a t olvi—vl) o«
_ ea(%’“—s@l)Eyt 1
o 1
Y™~ calem—oh By o
e _ co(e =" Ju 1
_ L ¥
= U

1 — e(ev—e)y: - P
where, since the uniform distribution on the idiosyncratic shock is E(p,) = 1,

then By, = MkPh! 0 — 1¢, where y; is the aggregate output in period ¢

One can interpret both rkF/0 and r{w;h%/ (1 —0) as the total costs of
production and, from the above calculations, this is equal to
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All firms, before the realization of the idiosyncratic productivity shock, are
identical and expect to produce the same amount and all have the same total
costs. Because of the idiosyncratic shocks, a fraction
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of the firms will not be able to meet their costs and will be closed. The total
losses that these firms will suffer in period ¢ are equal to
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The profits that the successful firms make are distributed as lump sum payments
to the households as dividends, D;. These dividends are equal to

o (ot =) 20—y

Yt

D, = /wu iy, — TCy di (Spuyt - TCt)2

3 Financial intermediaries

At the beginning of each period, financial intermediaries receive deposits from
households and lend these to the firms for working capital. At the end of the
period, the firms that are successful pay back the loan and financial intermediary
takes over the remaining assets of the unsuccessful firms. These assets are equal
to the value of the goods that were sold minus the rentals paid for the use of
capital. From the section on Firms, we know that these real losses total
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Since the firms only lend working capital to cover the wage bill, the amount
that they will lend to the firms is equal to Pyw; K;. The financial intermediaries
borrow this amount from the households at a gross interest rate equal to 7{.
The rate that they lend to the firms, r‘tf , must be just enough so that, with the
aggregate technology shock known and given the distribution of the idiosyncratic
shocks, they will end up with zero profits. This zero profit restriction results
in a nominal budget constraint of

’I"gNt = 'I“{thth — PtTLt. (1)

The interest rate paid by firms needs to be high enough to cover the expected
(and realized) losses as well as interest payments to the depositors. The equi-
librium condition in the financial market is

Nt+(1—p) (gt_ 1) Mt,1 :thth. (2)



The term (1 —p)(g: — 1) M;_; is the portion of new money issue that goes
directly to the financial intermediary. The importance of the choice of p for the
effect of inflation in a cash in advance economy is studied in McCandless [3].

Depending on the rules for financial intermediaries, the zero profit condition
and the equilibrium condition in the financial markets could be different. In the
version of the model expressed in Equations 1 and 2, the FIs lend to the firms
all the deposits they receive. As is indicated in equation 1, losses that come
from firm failure are covered the interest rate charged to the firms. The Fls
hold no reserves. Whatever capital a FI has is likely to be financial capital (
money) and since there is no in-period uncertainty, a Modigliani-Miller theorem
holds for capital or deposits in the financial system.

What would matter is a rule that forced the FIs to hold suffieient money
during each period to cover the expected (and realized) losses from their lending
operations. Under that kind of rule, the FIs would be forced to hold T'L; in
reserves and the equilibrium condition in the financial market would be
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The zero profit condition becomes
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Combinine these two conditions for the case with a reserve rule gives
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while the initial example (using equations 1 and 2) gives the equation
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A reserve rule increases the costs for the FIs by (rf - 1) TL; and these additional
costs have an effect on the real variables of the economy.

4 Households

The household side of the economy is pretty standard. Households maximize
discounted utility subject to a flow budget constraint and a cash-in-advance
constraint. In addition, we assume that labor is indivisible along the lines of
Hansen [2]. This means that a representative household maximizes
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t=0



where h;/hg is the probability that this family will be required to supply hg
units of labor to the market. The budget constraint, measured in real terms, is
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and the cash-in-advance constraint, written in nominal terms, is
Piey =my—1+p(ge — 1) M1 — ny,

where m;_1 is money carried over from the previous period, n; are the deposits
in the financial intermediary, d; is the family’s share of profits from the firms
which are paid as lump sum transfers, and the rest of the terms are standard.
The term p (g: — 1) My_1 is the portion of new money issue that goes directly
to households and can be used immediately for consumption or for savings in
the financial intermediary.

The first order conditions that come from the family’s decision problem are
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5 Equilibrium conditions

Given that all families are alike and are of unit mass, the aggregate variables
(expressed in upper case letters) are equal to

Hy = hy,
M, = my,
Ky = ki,
Dy = d,
C; = ¢, and
Ny = ng.

From the side of the firm, we add
Y=
Market clearing in the working capital markets imply that

Ni+(1—p) (g — 1) My_y = Prw Hy.



6 The full model

The full model contains the aggregate variables Y;, Ci, K11, Hy, Dy, wy, 1,
rd, rtf, My, Ny, Py, TCy, T Ly, the technology shock, \;, and the money growth
shock, g;. The household side of the full model written in terms of the aggregate
variables is given by the first order conditions,
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and the cash-in-advance constraint,
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The equations that come from the firm’s decisions are the total cost equa-
tions,
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and the equation for dividends,

(p"Y; — TCy)?
2(pu =) Yy

The aggregate production function is
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From the financial intermediary, we get the equation that determines the

spread on interest rates,
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and the equilibrium conditions for the credit market,
Ni+(1—=p) (g — 1) My_y = Prw Hy.

Money grows by the rule,
My = gtM;—1.

The stochastic processes for technology and money growth are, respectively,
(Ars1) =7 () + ey,

and
In(ges1) = (L —=~9)Ing + 9 In(ge) + 74,

where the error terms & 11, © = A, g, are independent and each is distributed
g 1 ~ N (0,07). The addition of (1 —+7)Ing means that the stationary state
value of money growth is g.

7 The stationary state

A stationary state is defined as a constant set of values for the real variables,
7 7 7Y, C, K, H w, TC, TL, D, constant values for nominal variables
divided by the price level, M;/P; = M/P, N;/P, = N/P, for the inflation rate,
7T = Pi,1/P;, and where the stochastic variables, A = 1 and g, are constants.
The stationary state values for a variable X; are designated by X. The

stationary state version of the fourteen equations of the model is

1
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3 (3)
w = -BrC, (4)
—d 7
T = —, 5
5 (5)
M/P = wWH+ (7F—6)K +D+7/N/P, (6)
_ M/P P
o - MPL G- P, )
Vs ™
u u Y
v A (8)
- ¥ 1 — ex(pt—")Y o’
6TC — 7K, ©)
1-6)TC = #wH, (10)

10



—_— —\ 2

TL = M7 (11)
2(p =Y
w2

D = M7 (12)
2(p" =Y

y = &g’ (13)

o= Fd@+z (14)
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wH = NP+ (0G0 (15)
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The values for 7, 7¢, and 7 are known instantly from the parameters. For
a range of Y, use equation 8 to find TC. From this, K can be determined
using equation 9. Then the production function, equation 13, can be used to
determine H. Using equation 14 written as

wH =7 N/P +TL,
and equation 10, N/P can be found. Putting equation 15 into equation 6, gives

Aﬂp@_ﬂﬂf”):@_@x+p+@tupwa

from which we can find W With this known, equation 15 can be used
to find w, and, using equation 4, we get the values for C. A second way of
calculating C' comes from using equation 7. Where these two C’s are equal
is the equilibrium Y (and all the corresponding values). With these values
determined, 7/ can be found using equation 10.

Given the complexity of equation 8, a stationary state cannot be found
analytically but must be calculated. For an economy where o = 4, = .99,
0 =.025, 0 =.36, A =1.72, and hg = .572, (so B = —2.5805), the values of the
variables in the stationary states for values of ¢* = 1+dif and ¢! = 1 —dif for
dif € [0,.6] are shown in Figures 1 and 2, for g = 1. Figures 3 and 4 show the
stationary state values for p = 1 and g = 1.19, representing an annual inflation
rate of 100%. Recall that when p = 1, the new money issue goes directly to
the households. In this case, the new money issue operates as a tax, reducing
production and other values measured in terms of goods and raising the interest
rate paid by the firms. When p = 0, the new money issue goes to the financial
intermediary. The values for output, consumption, total costs, total losses,
and dividends are similar to those in the model without inflation but slightly
higher. Figure 5 shows the stationary state values for the other variables with
an annual inflation rate of 100% where the money issue goes to the financial
intermediaries. Notice that the interest rate paid by the firms first rises and
then declines with the increase variance of the idiosyncratic production shock.

11
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Figure 4: More stationary state values for g = 1.19
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Figure 5: More stationary state values for g=1.19 and p =0

The coefficient of absolute risk aversion, «, has an important impact on the
results of the economy. Figure 6 shows stationary state output, Y, as a function
of dif for a = {0,.5,1,2,4} in the economy where there is no inflation, i.e.,
where § = 1. As before, output declines with increased risk, but it declines
more in the economies where the coefficient of absolute risk aversion is higher.
Although output is lower in economies with higher absolute risk aversion, the
failure rate of firms is lower. Figure 7 shows the fraction of firms that fail in

the stationary state for the same range of « and dif as in the previous figure.

8 Log-linearization of the model

The log-linear version of the model is written in terms of the variables )Z't, where
X, = In(X;) — In(X),

or _
X, = XeXt,

and X is the stationary state value of the variable. The fourteen variables of
the model are Tty Fg, ?g., E, Ct, Kt, Ht, ﬁt, Mt, Nt, Pt, TC’t, TLt, and Dt.
The two stochastic variables are A; and g;. Using the method of Uhlig [4], we

14
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find that the log-linear version of the model is
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The log-linearized equations for two stochastic variables are
Xer1 =7 + AR
and
§t+1 =79 + E§+1~

We remove l~)t and ﬁt from the system by substituting them out. This re-
duces the dimension of the problem and makes the C' matrix (below) invertible
in those economies where these are equal to zero. Defining the state vari-
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jump variables, and z; = {)\t, ﬁt} as the stochastic variables, the system can be

written as
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std error corr - output iltl? irrgr COf(;; Su%) ue
dif = .001 dif = .001 ) .
a=41 a=414
Y 0.0828 100% 0.0596 100%
C 0.0459 80.87% 0.0391 91.70%
1 0.2280 94.53% 0.1694 92.52%
r’ 0.0024 95.38% 0.0028 —99.16%
rd 0.0024 95.62% 0.0009 91.35%
r 0.0689 70.24% 0.0384 44.72%
w 0.0474 83.38% 0.0397 92.36%
H 0.0480 86.24% 0.0175 56.85%
K 0.0623 62.21% 0.0450 66.07%
N 0.0272 86.79% 0.0120 58.83%
TC 0.0828 100% 0.0433 100%
P 0.0591 -96.97% 0.0407 —96.77%
Table 1: Technology shock
and where

9 Some results

9.1 Technology shocks

First, we study how this economy responds to aggregate technology shocks.
Technology evolves according to

Aes1 =7 e+ 6040,

where, for simulations, we choose a process for sf‘ﬂ with mean zero and a
standard error of .0178. Runs of 50 simulations of 115 periods each were
used to calculate the average standard error of each variable and its correlation
coefficient with output. The model used for these simulations has the same
coefficients as those given for finding the stationary state. The standard errors
of the variables and their correlation coefficient with respect to output for these
simulations are shown in Table 1.

The coefficient of absolute risk aversion, a = 4, is so large that the firm
managers behave in a very conservative manner and the standard error of most
variables actually declines when we allow the idiosyncratic error to grow. In-
teresting is to note the correlation with output of the interest rate paid by
the firms. In the model with almost no idiosyncratic error, the correlation is
positive and close to one. When the idiosyncratic error is large, this term is
negative and very close to minus one.
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std error corr - output

dif = .6 dif = .6
a=.5 a=.5

Y 0.1146 100%
C 0.0862 88.65%
1 0.3512 94.07%
r! 0.0493 —99.98%
rd 0.0031 95.89%
T 0.0929 56.96%
w 0.0885 89.82%
H 0.0868 90.72%
K 0.0983 63.68%
N 0.0551 90.93%

TC 0.1084 100%
P 0.1107 —-97.57%

Table 2: Technology shock, continued

For versions of the model where the coefficient of absolute risk aversion is
positive but smaller than one, the results are substantially different and are
shown in Table 2. In general, the standard errors of all the variables are much
larger, around two to three times as large. Output variance has grown sub-
stantially and is now larger than it was in the case with almost no idiosyncratic
risk. The standard error of the interest rate for lending to the firms, rf, is
more than an order of magnitude larger. The standard errors of both hours
worked and deposits in the financial intermediary is also much larger and both
are much more, positively, correlated with output.

When the coefficient of absolute risk aversion is not too large, the addition of
idiosyncratic shocks to a working capital model has the effect of increasing the
variance of output in the economy. This increase in variance comes from the
increase in firm failures and the subsequent increased spread between the lending
and borrowing rates that the financial intermediaries offer. This increased
spread causes hours worked to become more variable and this feeds back onto
output variance.

The effect of the absolute risk aversion on the response of the economy
to a technology shock can be seen in Figure 8. The horizontal axis of the
figure measures the response of the economy when dif = .001, or when there is
essentially no risk. The vertical axis measures the response of the same economy
when dif = .6 for values of absolute risk aversion of a = {.5,1,1.7,2,4}. The
relative response line which plots the response of the economy with dif = .001
compared to the response of an economy with dif = .6 and a = 1.7 falls close
to the 45° line.
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Figure 8: Comparative response functions
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g=1 std error corr - output Ztl? Err(ér Cor(;; Su%) ue
p=1 dif = .001 dif = .001 ) :
a=4 a=4
Y 0.0438 100% 0.0397 100%
C 0.0276 98.96% 0.0327 99.77%
1 0.0926 99.20% 0.0669 98.97%
rl 0.0258 —99.99% 0.0339 —99.99%
rd 0.0258 —99.99% 0.0316 —99.99%
r 0.0439 98.28% 0.0288 98.03%
w 0.0046 33.73% 0.0029 35.38%
H 0.0682 99.78% 0.0618 99.87%
K 0.0082 36.68% 0.0058 38.42%
N 0.5957 —7.47% 0.5955 —8.23%
TC 0.0438 100% 0.0288 100%
P 0.6038 —20.92% 0.6027 —20.37%

Table 3: Monetary shock with gbar=1

9.2 Monetary shocks

In all the examples given below, the standard error for the error to the money
growth process is .09. Tables 3, 4, and 5 show the results for the case where
p = 1, so the money shocks occur directly in the cash in advance constraint of
the households. Tables 3 and 4 show the results for the case where there is no
stationary state money growth (g = 1). For the economy with idiosyncratic
risk and a high absolute risk aversion, the standard errors of most real variables
declines, although that of consumption and the lending and deposit rates of the
financial intermediary increase. Correlations with output are about the same
as in the case with almost no idiosyncratic risk. For an identical economy with
low absolute risk aversion (.5 instead of 4), the standard errors of most variables
increase. One very notable feature is that the standard errors of the lending
and deposit rates of the financial intermediary move apart with the deposit rate
showing a much smaller standard error than the lending rate. Correlations with
output are approximately the same as in the two other money shock economies
except that the correlations of consumption and deposits with output decline
and that of the wage rate increases.

For the same economy as above but with a stationary state annual money
growth and inflation rate of 100% (g = 1.19), one observes a slight general
increase in standard errors. The two most notable changes are the declines
in correlation with output of consumption and deposits in the model with the
idiosyncratic noise.! These can be seen in Table 5

For an otherwise identical economy with inflation, but where the money
supply shock and growth go directly to the financial intemediary instead of to

IHere we show only the model with idiosyncratic risk where the coefficient of absolute risk
aversion is small.
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1 std error corr - output
971 dif = .6 dif = .6
P= a=.5 a=.5

Y 0.0684 100%
C 0.0259 88.12%
I 0.2708 98.96%
! 0.0472 —99.99%
rd 0.0161 —99.94%
T 0.0666 93.13%
w 0.0147 45.27%
H 0.1062 99.18%
K 0.0245 38.19%
N 0.5974 -3.18%
TC 0.0646 100%
P 0.6104 —24.63%

Table 4: Monetary shock with gbar=1, continued

g=1.19 std error corr - output ZZ(} e_rr(ér cozri} :mgut

p=1 dif =.001 dif =.001 w=5 o= 5
Y 0.0452 100% 0.0786 100%
0.0284 98.96% 0.0273 83.29%

0.0955 99.20% 0.3260 98.95%

! 0.0266 —99.99% 0.0535 —100%

rd 0.0266 —99.99% 0.0144 —99.94%
r 0.0452 98.28% 0.0780 92.67%
w 0.0047 33.73% 0.0179 45.64%
H 0.0703 99.78% 0.1220 99.09%
K 0.0084 36.67% 0.0297 38.22%
N 0.5958 —6.93% 0.5986 —0.46%
TC 0.0452 100% 0.0755 100%

P 0.6039 —20.81% 0.6126 —25.17%

Table 5: Money transfers to households
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g=1.19 std error corr - output ;E(} e_rr%r Coz;.} o_utgut
p=0 dif = .001 dif =.001 w= 5 o= 5
Y 0.0828 100% 0.1313 100%
c 0.1047 —91.65% 0.1182 —80.53%
1 0.6133 98.04% 0.9714 97.42%
! 0.0594 —99.95% 0.1043 —100%
rd 0.1147 99.39% 0.1296 98.76%
4 0.0919 80.9% 0.1382 76.29%
w 0.0344 53.44% 0.0601 56.00%
H 0.1279 97.03% 0.2011 96.82%
K 0.0564 42.95% 0.0926 45.33%
N 0.5851 7.46% 0.5848 23.59%
TC 0.0828 100% 0.1234 100%
P 0.5798 4.11% 0.5625 13.56%

Table 6: Money transfers to financial intermediaries

the families, one important result is a general and realtively large increase in
standard errors. These are shown in Table 6. A second important result are
the changes in the signs of the correlations with output of consumption and the
financial intermediary’s deposit rate (both from positive to negative) and for
deposits and prices (from negative to positive).

10 Conclusions

The addition of both idiosyncratic uncertainty and risk averse managers to the
production process changes the way that the interest rate paid by borrowers
responds to technology shocks and the correlation of these interest rates with
output. Without idiosyncratic uncertainty, the interest rate for working capital
borrowed by the firms is positively, and highly, correlated with output. Once
idiosyncratic techonology shocks are added, the correlation between the inter-
est rate for working capital borrowed by the firms and output becomes highly
negatively correlated.

In stationary states, increases in the idiosyncratic shocks cause the risk
averse firm managers to produce at levels where average total costs are well
below average output, providing them with a partial cushion against a very low
idiosyncratic shock.

When absolute risk aversion is high, the effect is to dampen the effects of
monetary shocks in the economy with idiosyncratic risk, but when absolute risk
aversion is low, the effects of monetary shocks on real variables is higher, the
larger the idiosyncratic risk.
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