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Abstract

We consider an interbank market and a central bank in an agent-based ma-
croeconomic model with credit and capital to evaluate the effects of monetary
policies—conventional and quantitative easing. We find quantitative easing
outperforms Taylor’s rule-style policies in smoothing out the business cycle.
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1. Introduction

This work builds on an agent-based macroeconomic model with capital and cre-
dit (Assenza et al 2015) [1] to further consider an interbank market and a cen-
tral bank. Our goal is to evaluate the role conventional and unconventional
monetary policies play in the extended model. We simulate central bank res-
ponses to fluctuations in real GDP and unemployment by considering eight ex-
periments related to four conventional policies and four quantitative-easing pol-
icies.

The model features capital goods’ firms (K-firms), consumer goods’ firms
(C-firms) and a supply chain. Firms of all types resort to bank loans to meet
their financial needs. There is a two-way feedback between firms and markets,
and sometimes credit crunch followed by recovery emerge. Inserting the inter-

bank market and the central bank does not change significantly the dynamics of
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the original model of Assenza et al (2015) [1].

The importance of considering an interbank market can be appreciated in
Gertler et al. (2016) [2]. The debate on how to best model financial crisis has
been reopened after the 2008 crisis. Bernanke and Gertler (1989) [3] and Kyotaki
and Moore (1997) [4] had already pointed to the interbank market as a source of
financial problems with real output effects. Balance sheets of the financial sector
tend to be procyclical, which means economic growth follows a credit supply
expansion and vice versa, and such moves become amplified through positive
feedback loops. Gertler et al. (2016) [2] further add that during a financial crisis
wholesale banks play a major role. Wholesale banks hold debts with other finan-
cial institutions rather than with households and become highly leveraged in
short-term debts on the eve of a financial crisis. Retail banks also play a role as
they collect deposits from households and offer loans to firms and the interbank
market. Thus, a full-blown interbank market is key for modeling the transmis-
sion of a financial crisis to the real economy.

To consider monetary policy experiments in our extended model, we need to
endogenize the base interest rate that is exogenous in the original model. Here,
we assume the central bank chooses the interest rate according to Taylor’s rule
(Taylor 1993) [5]. The base interest rate affects the interbank interest rate and is
considered by the banks when offering loans to the firms. By Taylor’s rule, when
the output gap widens, the central bank reduces the interest rate, but increases it
when inflation rises.

Central banks’ responses using the parameters from Taylor’s rule may change
over time. Taylor’s original parameter configuration seems to work well for his
period of analysis of the American economy, but not for the preceding periods
and the post-1993 period (Clarida et al. 1999) [6]. For example, the central bank
reaction function in the Volcker-Greenspan era is more sensitive to changes in
inflation than in the previous periods. We consider the Fed’s responses until the
late ‘90s reported in Clarida et al (1999) [6] as an input in our monetary policy
experiments. We further take an input from Kim and Pruitt (2017) [7], who
consider the post-2008 period as well. This period is called the “zero lower
bound” because central banks around the world set interest rates near zero, and
thus become less responsive to inflation. Such a situation of “liquidity trap”
makes the conventional interest rate instrument ineffective, and thus central
banks resort to buying assets directly from the market. Quantitative easing steps
can be found in Fawley and Neely (2013) [8].

2. Literature

The agent-based model literature is vast in both science and economics (an in-
teresting primer is Chattoe-Brown 2013 [9]). In economics, agent behavior is not
described in detail as in biology or the physics of particles, for example (Haldane
and Turrel 2018) [10]. However, the assumptions of economic models are
usually described in detail. Economic behavior is also more uncertain and, as a

result, data are expected to fit a model only probabilistically.
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Interpreting results from an agent-based model requires a different perspec-
tive. One model has to be viewed as a device generating a number of alternative
results, and this calls for devising several experiments or many realizations from
a single model.

It is argued that dynamic factor models and machine learning are better
suited for forecasting than agent-based models (Stock and Watson 2011 [11];
Chakraborty and Joseph 2017 [12]). However, agent-based models seem to be
more adapted to tackle heterogeneity than DSGE models, for instance. While
the DSGE makes a number of assumptions such as rational expectations, an
agent-based model does not even offer a core model. This feature makes
agent-based models more flexible to solve complex problems involving hetero-
geneous agents, who can make rational expectations or not. This flexibility ex-
plains its crescent use in economics. Yet one downside of flexibility is loss of
analytical framing, which needs to be replaced by numerical convergence (Hal-
dane and Turrel 2018) [10].

The agent-based model is better suited when the problem studied is a particu-
lar policy. In epidemiology, the model can be used to identify risk factors of a
virus outbreak in a region and its spreading through other regions, though the
model cannot predict a single state of outbreak in a particular period (Degli Atti
et al. 2008) [13].

A canonical agent-based macroeconomic model is the EURACE (Cincotti et
al 2010 [14]; Deissenberg et al 2008 [15]; Dawid et al 2018 [16]). The macro
model we present here builds on Delli Gatti ef al (2011) [17] and Assenza et al.
(2015) [1], where C-firms produce final goods and use capital as an input that is
exclusively produced by another set of firms—the K-firms. Both types of firms
need workers, who they hire and fire at will. Workers receive wages and con-
sume goods produced by the C-firms. (Delli Gatti and Desiderio 2015 [18] pro-
vide a review of agent-based models that consider monetary policy experiments.)

In Assenza et al’s (2015) [1] model with capital and credit, firms demand he-
terogeneous capital to produce goods, and heterogeneous labor to produce ei-
ther goods or capital. There are four categories of agents: households, C-firms,
K-firms, and a bank. Though the series of GDP they compute fluctuates around
a long-run mean, it can also endogenously manifest “crises.” A crisis occurs
whenever the unemployment rate hits and overshoots 15 percent. The GDP can
plummet during a few periods while taking longer to recover. The model is able
to replicate the real-world dynamics of crisis—whenever credit available to the
firms shrunk, investment decreases, consumption drops, and real GDP and em-
ployment plunge.

As observed, we insert a central bank into Assenza et al’s model and its beha-
vior is modeled by Taylor’s rule. Orphanides (2003) [19] employs Taylor’s rule
to describe the evolution of U.S. monetary policy since the 1920s, and finds a
“surprising consistency.” Clarida et al (1999) [6] show Taylor’s rule successfully

fits monetary policy reaction functions over time for the postwar U.S. economy.
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This result seems to extend to the period after the 2008 financial crisis as well.
Kim and Pruitt (2017) [7] find that Taylor’s rule tracks the fact that the Fed’s in-
flation response is significantly diminished after 2008, while response to unem-
ployment is heightened. However, they find policy-response coefficients near
zero in the zero-lower-bound environment, which may reflect the fact that the
Fed then resorts to the unconventional policy of quantitative easing. (A com-
prehensive review of this related literature—including the literature on monetary

policy—is already provided in Assenza et al 2015 [1].)

3. Model

The model is medium size, with 3250 households divided between workers and
entrepreneurs, 250 firms divided between C-firms and K-firms, two commercial
banks (retail and wholesale), and a central bank. The model is written in NetLo-
go 6.0.1 and its code is available at the NetLogo library. Next, we briefly call at-
tention to the extensions to the original model of Assenza et al (2015) [1].

The model is composed of a consumer market, a capital market, a labor mar-
ket and a credit market. The central bank receives input from the labor and

consumption markets to decide, and this affects the financial sector (Figure 1).

3.1. Setup

Agents represent the minimal unit of behavior of the members of this economy;

they are the players in the production, consumption and financial sectors.
Patches of a NetLogo grid are inhabited by only one firm per patch. There are

as many patches as the number of firms. NetLogo sets 250 patches as a default.
Households can go through the patches freely. The position of the firms is

constant during the experiments—they do not change their addresses. All the

Central
Credit v Ban]
Market ¥
Wholesale Retail
Banks Banks

Labor Consumption
Market Market
Deposits

I

Households

Figure 1. Agents and markets. The production sector is made up of C-firms and K-firms.
The central bank observes unemployment from the labor market and inflation from the
consumer market and then maps out the rules for the financial system.
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patches have the same characteristics. Every period represents a quarter and si-

mulations can run for an arbitrary number of periods.

3.2. Process and Scheduling

Time is discrete and, each period, one firm chooses how much to produce and
the price to charge. One household decides how much to consume and then de-
posits the sparing money in a retail bank.

Unemployed workers approach a restricted number of firms to find a job.
Wages are constant and uniformly distributed across firms, so a worker accepts
the first job offer. Workers are equally productive and thus firms hire those who
first arrive.

Households are endowed with the amount of money they spend each period.
One household approaches the C-firm of lowest price. If this firm does not have
the good in stock, the household goes to the subsequent lower-price firm. If the
stocks of all firms run out, the household saves the money.

C-firms combine labor and capital to produce goods. Capital and labor are
employed in fixed proportion and there is no substitutability between them—a
Leontief production function is assumed. One C-firm approaches K-firms to buy
capital goods at the lowest price and so on, in a behavior similar to that of
households in the consumer market.

Firms can borrow from banks. Banks with money available to lend charge an
interest rate for these financial transactions on the basis of the base interest rate

set by the central bank.

3.3. Extensions

To model a conventional monetary policy, we endogenize the interest rate of the

original model by considering Taylor’s rule:
rt=7rt+r*+a”(7rt—7r*)+aY(Yt—\?), (1

where [, is the current base interest rate, r' e (O, 1) is the natural rate of in-
terest, 7, isthe current inflation rate, 7~ is the target inflation rate, Y, is the
current aggregate output (real GDP), Y is the potential output, and the central
bank response parameters are «, €[0, 2.5] and «, €[0, 1.3]. This parameter
configuration is calibrated from the U.S. monetary policy experience, as dis-
cussed in Section 5 and summarized in Table 5.

Quantitative easing is modeled by the rule:

0, if H,, <y
H ]
Ay = , . H,., Y 2)
7 H —_

where Ay, is total private assets held by the central bank in period # H_,
refers to employed workers in £and H,, stands for unemployed workers. Pa-

rameter y is the unemployment rate considered as the threshold after which
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the central bank decides to purchase assets. In the policy experiments in Section
5, we consider ¥ as 4, 8, 10, 12 and 14 percent (Table 8 and Table 9). Para-
meter y refers to the quantity of private assets as a percentage of GDP. We set
x =20 percent across the policy experiments, a value that is close to the mean

of y considering the experience of four major central banks (Tables 7-9).

3.4. Initialization

We start with 200 C-firms and 50 K-firms, and each occupies only one slot in the
grid. Banks and the central bank inhabit arbitrary slots, and the grid has 250
patches as well. There are 250 entrepreneurs, each initially linked to one unique
firm. And there are 3000 workers.

4. Checking for Robustness

We employ the protocol TRACE (TRAnsparent and Comprehensive model
Evaluation) as in Schmolke et al. (2010) [20], Grimm et al. (2014) [21] and Mul-
ler et al (2013) [22] to assess the internal logic consistency of our model.
TRACE provides a check list that contemporaneously evaluates robustness dur-
ing the process of building up a model. Whenever a new sub model is inserted
into the code or novel results emerge from a new set of parameters, TRACE
scrutinizes the process. Here, we highlight 1) a comparison of actual business
cycle properties with those of our model, and 2) a checking of whether the si-

mulated time series can reproduce stylized facts of the interbank market.

4.1. Fitting actual Business Cycles

We take U.S. real GDP, investment, consumption and unemployment quarterly
data from 1955 to 2015 from the FRED database and apply the HP filter to de-
trend every series. Table 1 displays the cyclical components. Though our model
cannot initially fit the high first lag autocorrelation of real GDP, it fairly suc-
ceeds after all sub models are included (Table 2). Moreover, crises endogenously
emerge as more sub models are inserted. Row 3 in Table 2 shows that crises crop
up after insertion of the interest rate routine.

Table 3 shows the cyclical components after inclusion of the conventional
monetary policy sub model. The periods considered are taken from Clarida et al
(1999) [6] and Kim and Pruitt (2017) [7]. Table 4 shows the cyclical components

Table 1. Cyclical components of major macro variables: U.S. quarterly data from 1955 to
2015.

Actual series Standard deviation First-lag autocorrelation function
Real GDP 2.22 0.798
Investment 11.32 0.738
Consumption 1.68 0.747
Unemployment rate 16.81 0.842
Source: FRED.
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Table 2. Robustness check after step-by-step inclusion of a sub model.

Modeling step Crisis? GDP’s first-lag autocorrelation function
Price decision No 0.259
Retail bank No 0.350
Interest rate routine Yes 0.634
Interbank market Yes 0.613

Note: Crisis refers to the unemployment rate hitting and overshooting 15 percent.

Table 3. Cyclical components of the simulated time series after inclusion of the conven-
tional monetary policy routine.

GDP Investment Consumption  Unemployment
Experiment
S.D. ACF S.D. ACF S.D. ACF S.D. ACF
Pre-Volcker 1.57 0.58 29.0 0.37 1.04 0.08 344 0.35

Volcker-Greenspan 1.58 0.56 22.6 0.24 1.00 0.12 35.5 0.36
Post-1982 1.72 0.58 21.3 0.33 0.99 0.10 35.8 0.31

Post-2008 1.51 0.57 25.2 0.37 0.99 0.15 34.8 0.35

Note: Periods in our Taylor’s rule experiment match those from several Fed eras and may overlap. Standard
deviations (S.D.) and first-lag autocorrelation functions (ACF) are the average over 10 periods of 2500 runs
each, where only the last 2000 runs are considered.

Table 4. Cyclical components of the simulated time series after inclusion of the quantita-
tive easing policy routine.

GDP Investment Consumption Unemployment
Experiment
S.D. ACF S.D. ACF S.D. ACF S.D. ACF
First policy 2.61 0.66 12.5 0.50 1.20 0.35 19.2 0.40
Second policy 2.76 0.64 14.5 0.46 1.21 0.36 22.1 0.37
Third policy 2.97 0.65 15.3 0.49 1.15 0.37 23.0 0.36
Fourth policy 2.39 0.64 11.7 0.42 1.17 0.39 22.3 0.42

Note: Standard deviations and first-lag autocorrelation functions are the average over 10 periods of 2500
runs each, where only the last 2000 runs are considered.

after inclusion of the quantitative easing policy routine. Both modeling steps

pass the robustness check.

4.2. Fitting Actual Interbank Markets

Interbank market dynamics is central in a financial crisis as observed, and some
even blamed the wholesale banks for the last 2008 crisis (Gertler et al 2016 [2];
Curdia and Woodford 2010 [23]). Figure 2 shows total credit supplied by banks
to firms and GDP behavior in our model. The role played by wholesale bank
loans is key. The dynamics of credit availability to firms from wholesale banks
emerges as a result of the liquidity of the interbank market, as wholesale banks

depend on retail bank cash to supply the system. In turn, the C-firms need credit
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to invest and if credit is unavailable to them, their purchases of capital goods
from the K-firms are reduced. As a result, both types of firm fire workers and
GDP plummets. Because wholesale banks offer low installment debt rates, firms
prefer to borrow from them. These very wholesale bank loans exhibit the highest
impact in our simulations, being ultimately responsible for crises.

Moreover, Figure 3 shows our model can replicate the business cycle fact that

the 2008 crisis was preceded by a credit crunch that began one year earlier.

5. Policy Experiments

5.1. Conventional Monetary Policy

Table 5 shows the Taylor’s rule parameter values «, and «, employed in

our experiments. For the post-2008 experiment, the values are taken from Kim

16500 1500
Wholesale bank loans
Retail bank loans
GDP
12500
A A A i
| , oty g W 71 1300
i | VI i | ‘n |
8500 ’ f N ‘
, \ W,
M <4 N
s ) ',' l’. / 4 1100
4500 | AN
oy
500 MM\M 500
1000 1100 1200 1300 1400 1500

Period

Figure 2. The total credit supplied by banks to firms (left vertical axis) and GDP behavior
(right vertical axis).

15

Interbank market loans/GDP
14 1 1400

Real GDP
13

"l | 1300
12
11 1200
10
9 1100
8

1000

7
6 900
1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

Period

Figure 3. The interbank market loans (left vertical axis) and GDP behavior (right vertical
axis) in one single simulation of our model.
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Table 5. Taylor’s rule parameter values considered in the conventional monetary policy

experiments.
Experiment a, a,
Pre-Volcker 0.86 0.39
Volcker-Greenspan 1.72 0.34
Post-1982 2.55 0.00
Post-2008 0.00 1.30

Source: Clarida et al. (1999) [6] and Kim and Pruitt (2017) [7].

and Pruitt (2017) [7], while all the others are from Clarida et al (1999) [6]. As in
Assenza et al. (2015) [1], the model is run 10 times for 2500 periods and then the
output is recorded. This seems rather small regarding significance, and it is also
ad hoc because one needs systematic procedures in the design of experiments.
Nevertheless, we decide to consider the second-best alternative of following the
modus operandi in Assenza et al.

Table 6 shows the occurrence of crises per simulation across the conventional
monetary policy experiments. Crises are more common in the post-1982 expe-
riment.

Figure 4 illustrates sample simulations for every experiment. Crises occur
whenever the unemployment rate is 215 percent. (For the highlighted areas of
the unemployment rate series in Figure 4, the reader is invited to experiment
with the NetLogo model to check that the GDP, consumption and investment

series show consistent patterns.)

5.2. Quantitative Easing

Quantitative easing became a common policy after the 2008 crisis. For more
than six years, the Fed administered round after round of quantitative easing,
and only in recent years decided to scale back its operations. Central bank pur-
chases of private assets directly from the banks was the favorite practice (Fawley
and Neely 2013) [8]. Table 7 shows total purchases as a percentage of real GDP
for major central banks. In our quantitative easing experiments, we choose ¥
= 20 percent. Considering the values in Table 7, this is a conservative limit.
Thus, we make our case that quantitative easing outperforms the conventional
policies parsimoniously.

Quantitative easing is not adopted continuously. Central banks resort to them
only when the unemployment rate overshoots some threshold and the conven-
tional policies show signs of not working. Our experiments do the same. We
pick four trigger values related to the unemployment rate, y , for the central
bank to start to intervene using quantitative easing. These define four policies, as
described in Table 8.

Again, the model is run 10 times for every policy, each simulation has 2500
periods, and output is collected at the end. As before, a crisis emerges whenever
the unemployment rate hits and overshoots 15 percent (Table 9). Compared
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Table 6. Crises across the conventional monetary policy experiments.

Experiment a, a, Mean number of crises
Pre-Volcker 0.86 0.39 52 (£29)
Volcker-Greenspan 1.72 0.34 30 (+11)
Post-1982 2.55 0.00 86 (£37)
Post-2008 0.00 1.30 10 (£6)
Total mean 44

Note: Crisis refers to the unemployment rate hitting and overshooting 15 percent.

Table 7. Total private assets held by central banks as a percentage of real GDP.

Central bank Percentage of GDP
Fed 22.1 27
BoE 26.3 30
ECB 3.5 28
BoJ 37.5 104
Mean 22.3 47.2

Note: The second column refers to data as of February 2013, and the third column shows data as of August
2020. Source: Fawley and Neely (2013) [8] and Bailey et al. (2020) [24].

Unemployment rate, % Unemployment rate, %

30
20

500 1000 " 1500 2000 500 1000 1500 2000

Unemployment rate, %

| Unemployment rate, “/1
20 |
p 20
15m o=
10
10
5
0 ' 0
500 1000 1500 2000 500 " 1000 C 1500 2000

Figure 4. Crises emerging in the conventional monetary policy experiments. From top left to bottom right, pre-Volcker, Volck-
er-Greenspan, post-1982 and post-2008 periods.

DOI: 10.4236/0alib.1107471 10 Open Access Library Journal


https://doi.org/10.4236/oalib.1107471

E. M. Silva et al.

Table 8. Quantitative easing policy experiments.

Experiment v,% 7%

First policy 8 20
Second policy 10 20
Third policy 12 20
Fourth policy 14 20

Table 9. Crises across the quantitative easing monetary policy experiments.

Experiment v, % 7,% Mean number of crises
First policy 8 20 0(0)

Second policy 10 20 1(£1)

Third policy 12 20 2 (+2)

Fourth policy 14 20 7 (£3)
Total mean 4.75

Table 10. The unemployment rate across all the monetary policy experiments: mean,
standard deviation, excess kurtosis, maximum and quartiles.

Experiment Period Mean S.D. Kurtosis Max 25% 50% 75%
Pre-Volcker 20,000 0.050  0.038  3.072  0.274  0.022  0.040  0.069

Volcker-Greenspan 20,000  0.048 0.035 3.100 0.288 0.021 0.039 0.065

Post-1982 20,000 0.056  0.047  4.550 0.439  0.022 0.042 0.075
Post-2008 20,000 0.045 0.029 3.185 0.201 0.023 0.039 0.061
First policy 20,000 0.046  0.022 1.686 0.139  0.028 0.045 0.063
Second policy 20,000 0.047  0.025 2.036 0.165 0.028 0.044  0.065
Third policy 20,000 0.049  0.028 2.296 0.154  0.026 0.043 0.066
Fourth policy 20,000 0.048 0.029 2.679 0.183 0.026 0.041 0.063

with Table 6, crises are less frequent under quantitative easing. Table 9 also
shows that the earlier the central bank intervenes—when the unemployment rate
is still relatively low at 8 percent—the less the crises crop up. The first policy is
even capable of preventing crises altogether. Figure 5 illustrates sample simula-
tions for every experiment, and Table 10 shows that quantitative easing has an
edge over Taylor’s rule-style policies to tame unemployment (average S.D. =
0.026 for quantitative easing and average S.D. = 0.037 for the conventional poli-
cies; excess kurtosis < 3 for all the quantitative easing policies).

Many feared that the Fed’s policies of quantitative easing would lead to
hyperinflation. However, there was only a very modest inflation increase. This
occurred because a spike in the MO monetary base was mostly retained by the
financial sector and the M2 money supply remained fairly stable. As in the basic
model, in our extended model consumer goods prices cannot exhibit excessive

inflation because the wages paid are fixed. We leave for future research relaxing
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Figure 5. Portion of data for the four experiments of quantitative easing. Crises are absent in the first experiment (top left),

where the unemployment rate does not reach 15 percent.

this hypothesis, thus making it possible to consider the possibility of hyperinfla-
tion in quantitative easing by increasing ¥ beyond 14 percent.

6. Conclusions

This paper employs an agent-based macroeconomic model with capital and cre-
dit that explicitly considers an interbank market and a central bank. Our goal is
to pit conventional and unconventional monetary policies against each other.
We take eight experiments related to four conventional policies and four quan-
titative easing policies.

One practical feature of our agent-based macroeconomic model is to be able
to consider any type of monetary policy, conventional or not, inside a single
framework. By comparing Taylor’s rule-style policies with quantitative easing,
we find the superiority of quantitative easing in reducing the volatility of busi-
ness cycle fluctuations. Crises are less frequent under quantitative easing and the
earlier a central bank intervenes, the less the crises crop up. At the limit, crises

can even vanish in the model.
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