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Abstract:

Data shows that, the US Treasury has increasingly issued more long-term bonds to
finance expenditures in the periods of financial crisis, whose duration is comparatively
higher than the pre-crisis periods. Using ad-hoc, partial equilibrium models, existing lit-
erature explain this as a strategic debt management approach of the Treasury to mitigate
their fiscal risk. By extending the model of De Grauwe and Foresti (2023) to incorporate
bonds with varying maturity structures, we develop a behavioral New Keynesian model
to explain debt management strategy of the Treasury by manipulating the duration of the
long-term debts. The Treasury in our model optimally chooses the duration of its debt
along with the tax rate to minimize the welfare loss. We show that increasing the duration
of Treasury debt is optimal in the periods of financial crisis when the traditional monetary
policy is unproductive, as it generates an optimal trade-off between the number of newly

issued debt, and providing enough incentives to hold them by the banking sectors.
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1 Introduction

The financial crisis of 2008 necessitated an unprecedented fiscal intervention to stabilize
the deteriorating global financial system. The US Department of the Treasury (henceforth
"the Treasury") undertook important measures by allocating approximately $475 billion
to safeguard the vulnerable financial institutions of the US. Such fiscal intervention lead
to a significant increase in the Treasury’s total outstanding debt, escalating from $4,537
billion in December 2007 to $12,163 billion by July 2014 (Greenwood et al., 2014). This
phenomenon was not quite unique to the US; fiscal authorities in numerous countries
accumulated substantial sovereign debt during this period, often at levels that proved
unsustainable in the long term.

Consequently, a considerable body of post-crisis literature on fiscal policy has been
dedicated to examine the stability, solvency, and the strategic defaults of sovereign debt!.
Furthermore, given the intrinsic relationship between fiscal limits and tax revenue, an-
other strand of literature has focused on assessing the optimality of various tax rates
across different countries through Laffer curve?. Along with this, with policy rates at the
zero lower bound (ZLB), a string of post-crisis monetary policy literature has investigated
the role of optimal forward guidance in stimulating economic activity through the ma-
nipulation of individual expectations®. Bernanke, Reinhart, and Sack (2004) examine the

impact of the unconventional monetary policies, such as Quantitative Easing (QE), and

!Extending Bohn’s (1998) methodology, Daniel and Shiamptanis (2013, 2022) analyze fiscal limits,
long-run sustainability, and solvency of fiscal debt for EU countries and nine high-debt European coun-
tries, respectively. Ghosh et al. (2013) and Shiamptanis (2023) examine the interrelationships among
fiscal fatigue, tax austerity, and fiscal solvency. For comprehensive discussions on fiscal solvency and fiscal
limits, refer to Daniel and Shiamptanis (2012) and Bi (2012). For analyses of strategic and excusable
defaults, see Eaton and Gersovitz (1981), Aguiar and Gopinath (2006), Arellano (2008), and Daniel and
Nam (2022). Moreover, using a two country general equilibrium model, Enders et al. (2011) demonstrate
that fiscal policy shocks, particularly government spending increases, lead to significant real exchange
rate depreciation.

2Trabandt and Uhlig (2011, 2012) evaluate the optimality of consumption, capital, and labor income
tax rates for the US, EU-14, and various European countries. Daniel and Gao (2015) extend this analysis
to calculate optimal tax rates and educational subsidies under productive government spending for the
US.

3Using rational expectation, while Jung, Teranishi, and Watanabe (2005) and Adam and Billi (2006,
2007) examine optimal forward guidance policies under discretion and commitment at the zero lower
bound (ZLB), Eggertsson and Woodford (2001), Nakov (2008), and Chattopadhyay and Daniel (2018)
investigate the roles of inflation targeting and the Taylor rule in implementing optimal forward guidance
policies. On the other hand, Proafio and Lojak (2020) analyze the optimal forward guidance policy using
the behavioral expectation formation among economic agents. The other strand of literature addresses
banking sector fragility, with Vinogradov (2011) exploring how a production shock in a closed economy
can precipitate the collapse of a competitive banking system, underscoring the paradoxical role of bank
credibility.



the resultant changes in the Federal Reserve’s balance sheet when the policy rate is at the
ZLB. They posit that such unconventional monetary policies yield effective results when
the Federal Reserve and the Treasury implement well-coordinated and non-offsetting sets
of policies.

Greenwood et al. (2014) identifies that, the unconventional monetary policies un-
dertaken by the Federal Reserve fail to yield desirable outcome in the periods of the
financial crisis due to an unprecedented coordination failure between the Federal Reserve
and the Treasury. Their findings reveal that while the Federal Reserve was implement-
ing QE through the targeted purchases of long-term securities to stimulate the economy;,
the Treasury was simultaneously engaged in what could be termed a "reverse QE." At
the backdrop of growing liabilities during financial crisis as mentioned above, this reverse
QE allows the Treasury to finance its expenditures by issuing bonds of relatively longer
durations than those of pre-crisis periods to mitigate fiscal/interest rate risk.

Note, mitigating interest rate risk of a financial organizations (financial intermediaries,
fiscal authorities, etc) is a strategy to insulate its net worth from the fluctuations of interest
rate by manipulating the duration of its debt. We know that, the percentage change in net
worth of a financial organization for a unit change in interest rate depends on the duration
gap - difference in duration of assets and liabilities of the organization. Hence, a strategy
of issuing liabilities, whose duration is comparatively higher than the assets, insulates
the net worth of the financial organizations from the risk of interest rate fluctuations by
reducing the duration gap*. While quantifying the rise in duration of fiscal debt in the
periods of the financial crisis, Greenwood et al. (2014) show that the average duration
of Treasury debt increased from 3.9 years to 4.6 years between December 2007 and July
2014 for the US®. Since, the standard economic theory provides limited guidance to model
the fiscal debt management strategies by manipulating the duration of Treasury debt as
described above, Greenwood et al. (2015) use an ad-hoc, partial equilibrium model based

on the principle of corporate finance to analyze it.

4Note, the duration gap analysis gives, AJXW = —Dgap%; where, ¢ is the interest rate/yield to

maturity, NW = A—L is the net worth, Dgqp = Da— (%) Dy, is the Macaulay duration gap between assets
(A) and liabilities (L); and D4, and Dy, are the Macaulay duration of assets, and liabilities of a financial
institution respectively. Hence, to insulate the net worth from the interest rate fluctuations/interest rate
risk, a financial institution would like to reduce Dgqp by raising Dy, relative to D4. The net worth of
the institution is fully insulated from the interest rate fluctuations, when Dg,, = 0= Dy = £D4. See;
Mishkin (2021) for details.

Greenwood et al. (2014) shows that, the extent of Quantitative Easing (QE) rises from $0 to $2,901
billion between December 2007 and July 2014. The time-path of the QE, and the fiscal debt for the US
are depicted in Figure 1 in the appendix. It shows the significant rise in QE as well as the amount of
the Treasury debt in the periods of the financial crisis for the US. Figure 2 on the other hand shows the
significant rise of the duration of the fiscal debt in the periods of the financial crisis (2008-2014).



Given this backdrop, our paper’s primary objective is to develop a general equilib-
rium model with optimizing agents to analyze the fiscal debt management strategy of
the Treasury through manipulating its duration, and matching it with the US data. To
do it, we use a New Keynesian model with behavioral expectation formation among eco-
nomic agents, as it better fits the US data®. Specifically, we have extended the model of
De Grauwe and Foresti (2023) by introducing bonds with varying maturity structures as
given in Woodford (2001). These bonds have a geometrically decaying coupon payments,

whose decay rate determines their duration’

. These bonds are issued by the Treasury
are purchased by the banking sectors in our model. This eliminates the possibilities of
the coordination failure between the Federal Reserve and the Treasury as highlighted in
Greenwood et al. (2014). Households in our model only hold deposits with the commer-
cial bank, and they do not hold bonds issued by the Treasury. As a result, the deposit
rate, determined by the Taylor rule affects the output gap though the aggregate demand
equation. On the other hand, the return of the long-term bonds (determined by the du-
ration of the bonds and their prices) affects the output gap, and the inflation rate by the
aggregate demand curve, and the supply curve through the current, and expected gov-
ernment spending. The government spending satisfies the government budget constraint,
and is determined by a standard fiscal rule in our model.

The Treasury in our model has two instruments - (i) the duration of the long-term
bonds, and (ii) the tax rate. Their objective is to optimally choose its instruments to
minimize a loss function that depends on the weighted average of the unconditional stan-
dard deviation of the inflation rate, and the output gap (see; De Grauwe and Ji, 2019).
In our model, the Treasury implements its optimal policy under two distinct economic
conditions - 1) when traditional monetary policy is either fully effective or occasionally
ineffective, characteristic of pre-crisis periods. In this case, the policy rate of the Federal
Reserve, which is the deposit rate in our model, is determined by a truncated Taylor rule,
and 2) when the traditional monetary policy is persistently ineffective due to the federal
funds rate being at the zero lower bound (ZLB) for an extended period, representative of
the 2008 global financial crisis. Note, data shows that, the ZLB was binding for the US

6Unlike rational expectation, the forward looking NK model has endogenous persistence under the
behavioral expectations of De Grauwe (2012), and De Grauwe and Ji (2019). Hence, a Gaussian demand
and supply shock in an NK model with behavioral expectations among economic agents produces -(i) fat-
tailed non-Gaussian distributions of the output gap and the inflation rate, and (ii) hump-shaped response
of the output gap and the inflation rate, as observed in the US data.

"Sims et al. (2023), Sims and Wu (2019, 2020), and Cardamone et al. (2023) have used such bond
structure in the New Keynesian models to evaluate the effectiveness and optimality of QE under rational
expectations.



from 2008 to 2015. As a result, we keep the deposit rate fixed at the ZLB for the initial
t =30 quarters in our optimal policy analysis. Furthermore, we also conduct an optimal
policy analysis by keeping the deposit rate at the ZLB for the initial t = 40 quarters.
After the initial ¢ periods, the economy exits the ZLB; and the deposit rate is determined
by the truncated Taylor rule, where the ZLB can be occasionally binding depending on
the magnitude of the Shocks. Note, such a policy set-up is a close representation of the
forward guidance policy undertaken by the Federal Reserve to stimulate the economy in
the periods of the financial crisis.

As previously noted, financing expenditures primarily by manipulating the duration of
the long-term bonds was a key component of the Treasury’s debt management strategy in
the periods of the financial crisis. Hall and Sargent (2011) report that the average duration
of the US Treasury debt between 2000-2007 (pre-crisis periods) was approximately 3.5
years. It is increased to 4.2 years for the period 2008-2014 (crisis periods) as reported in
Greenwood et al. (2014)%. This increase in debt maturity reflects the Treasury’s strategic
shift in fiscal debt management in response to the financial crisis and subsequent economic
challenges when the traditional monetary policy is ineffective due to the binding ZL.B
constraint. Not only the duration, even the average proportion of long-term bonds in the
fiscal portfolio rose from 25% between October 2005 - December 2007 to 43% between
January 2008 - July 2014. Along with this, Trabandt and Uhlig (2011, 2012) find that the
labour income tax rate, which maximizes the tax revenue of the Treasury should decrease
from 28% in the pre-crisis periods to 22% in the periods of the financial crisis.

Matching with the trend of the US data, our model also forecasts a rise in the optimal
duration of the long-term bonds in the portfolio of the Treasury in the periods of the
financial crisis than the pre-crisis periods. We find, given 25% long-term bonds in the
fiscal portfolio, it is optimal for the Treasury to issue long-term bonds with duration 3
years in the pre-crisis periods’. On the other hand, we find that given the 43% long-term
bonds in the fiscal portfolio, it is optimal for the Treasury to issue long-term bonds with
duration 3.25 years when the ZLB is binding till # = 30 quarters. Along with this, a
income tax rate of 25% is found to be optimal in the pre-crisis periods. However, our
model predicts a reduction in the income tax rate as a part of the expansionary fiscal

policy from 25% to 5% in the periods of the financial crisis, when the monetary policy is

8 Also see; Figure 1, and Figure 2 in the appendix.

9Note, we define bonds, whose duration is at least as large as 3 months as short-term bonds. Bonds
whose duration is more than 3 months are the long-term bonds in our analysis. Figure 3 in the appendix
shows the significant rise in the proportion of long-term bonds in the portfolio of the Treasury in the
periods of the financial crisis.



unproductive due to the persistently binding ZL.B constraint on the deposit rate. We also
find a further increase in the duration of the debt from 3.25 years to 5 years, and a rise in
the optimal income tax rate from 5% to 25% when the ZLB is binding till, t = 40 quarters.
Our analysis shows, as a part of the expansionary fiscal policy, while the duration of the
debts rises, the optimal tax rate falls with the persistence of the ZLB.

To explain our findings note that, the expansionary fiscal policy with higher govern-
ment spending and/or lower taxes is required, especially when the traditional monetary
policy is unproductive due to the binding ZLB constraint on the policy rate. At this
backdrop, to mitigate the fiscal risk, the Treasury needs to issue new debts with higher
duration to finance additional spending. However, to incentivize the banking sectors to
hold more debts with higher duration, the risk associated with them needs to be appro-
priately compensated with higher returns.

In our model, the return associated with the long-term bonds rises with its duration
by construction. However, the duration cannot be infinitely raised due to the trade-off
between the number of newly issued debt, and the return of the long-term bonds in
our model - higher duration of bonds increases their return, but simultaneously reduces
number of new issuance of debt. The reduction in the number of newly issued bonds
constraints the borrowing of the Treasury, which is required to finance the additional
spending to stimulate the economy when the traditional monetary policy is unproductive.
Such a trade-off between the return, and the number of newly issued debts yields an
optimal duration of long-term bonds in our model.

Data shows that, the average duration of bonds in the periods of the financial crisis
is higher than the pre-crisis periods. Greenwood et al. (2014) explains it as a debt
management strategy of the Treasury to mitigate their fiscal/interest rate risk at the
backdrop Treasury’s growing liabilities during financial crisis. Although, we also find
identical results from our optimal policy analysis based on a full-blown New Keynesian
DSGE model, the intuition of our results is quite different than that of Greenwood et
al. (2014, 2015). Instead of a duration gap analysis, our results relies on generating an
optimal trade-off between the return of the fiscal portfolio, and the number of newly issued
debts by the Treasury. In other word, our results rely on achieving an optimal trade-off
between the number of newly issued debt by the Treasury to stimulate the economy, and
providing enough incentives to hold them by the banking sectors.

The rest of the paper is organized as follows. Section 2 describes the model, Section
3 describes the behavioral expectation formation. Section 4 describes the loss function,

and the analysis of the optimal policy. Section 5 describes the results, and Section 6



concludes.

2 The Model

De Grauwe and Foresti (2023) used a forward looking New Keynesian model, and
solved it under the behavioral expectation to analyze the interaction of various types of
fiscal and monetary policy rules. The aggregate demand curve, and the aggregate supply
curve, derived by De Grauwe and Foresti (2023) by using the quadratic adjustment cost
of prices (Rotemberg, 1982 ) is given by equations (1) and (2) respectively.

U = Et(gtJrl) — as (i — Et<7rt+1)) — GS(Et(§t+l) —gt)+e; 0< a; <1,7=1,2,3 (1)

T = b1 Ey(m1) + bl — sy + 1m0 < by < 1,0 < by < 1 (2)

where, E’t() is not a rational expectation. It denotes behavioral expectation (see; Section
3 for details).

We have augmented the model of De Grauwe and Foresti (2023) by introducing bonds
with varying maturities to do our analysis. However, to keep the model simple, we assume
that such bonds are issued by the Treasury, and purchased by the commercial bank and
the central bank. The commercial bank purchases bonds by using the deposits held with
them by the households. The central bank on the other hand, uses the reserves of the
commercial banks held with them to purchase the bonds from the Treasury. Since, the
households do not purchase bonds, and they only hold deposits with the commercial
banks, equations (1) and (2) continue to represent the aggregate demand curve, and the
aggregate supply curve of our model respectively. Moreover, since the bonds are issued by
the Treasury, and held by the banking sectors in our model, it takes care of the issue of
coordination failure arising from the conflict of QE (implemented by the Federal Reserve),
and the reverse QE (implemented by the Treasury) that adversely affect the effectiveness
of the alternative monetary policies in the periods of the financial crisis as mentioned in
Section 1.

Note, since households only hold deposits, and do not hold bonds; the monetary policy
affects the output gap from the aggregate demand curve through the deposit rate, which

in turn affects the inflation rate from the aggregate supply curve. The deposit rate is



determined by the Taylor rule given in equation (3).

iy = max(—i, 17y + CoUs + C3lp—1 + Us); (3)

=5

where, u; ~ IIDN(0,0.5) in the shock to the deposit rate, and ¢ is the interest rate at
steady state!?.

The fiscal policy affects the output gap, and the inflation rate from the aggregate
demand curve, and the aggregate supply curve through the current, and expected govern-
ment spending. The government spending in turn endogenously determined by a fiscal

rule. Next section gives a detailed description of the fiscal policy used in our paper.
2.1 The Fiscal Policy

Along with a proportional income tax rule, the Treasury in our model issues bonds with
varying maturities to finance their expenditure. Following Woodford (2001), we model the
bonds as perpetuities with geometrically decaying coupon payments at a constant rate.
The rate of decay of the coupon payments is w € [0,1] . One new issuance of the bonds
at time ¢, promises to pay $1 next period, ¢t + 1. Therefore, the total coupon liability (B;)

of the Treasury at time, ¢ is represented in equation (4)

B; = NB; +wNB;_ 1 +w’NB; 5+ ... (4)

where, the new issuance of bonds at time ¢ is given in equation (5)

NBt = Bt — CUBt,l (5)

Suppose, the price of one unit of bond issued by the Treasury at time ¢ is ); dollars. Due
to the geometrically decaying structure of the coupon payments, the price of the bonds
issued at ¢ — j periods ago is w’ N B;_;. Therefore, the total value of the bond portfolio
can therefore conveniently be written as Q;B;.

We introduce two types of bonds in our model - (a) the short-term bonds (with matu-
rity 3 months; w = 0), and (b) the long-term bonds (with maturity more than 3 months
or more; 0 < w < 1) in our model. The prices of the short-term bonds, and the long-term

bonds are given by Q?, and QL respectively. The nominal returns of the short-term and

19Note, the deposite rate, i; = 0 at the ZLB. This implies, iy = —i; when the ZLB is binding.



long-term bonds are denoted by R % and R} L respectively. Additionally, we assume
government issues p proportion of long-term bonds, and (1 — x) proportion of short-term
bonds, where 0 < p < 1. Hence, the number of short-term bonds, and long-term bonds in
our model are given by, (1 — ) By, and uB; respectively. Therefore, the nominal return

(R}") and the price (Q;) of the fiscal portfolio are given by,

Ry = (1—p) R + pRrpY; (6)
Qr=(1—-p) Q7 +pQf (7)
where,
1
RM = ; 8
e "
1 L

Ryt = 1L 0

Q4

To execute log-linearization of our model; we define a risk free zero inflation steady state,
where the nominal return of the short-term and the long-terms bonds are identical. Note,
at the risk free zero inflation steady state, the prices of the long-term and the short-term

bonds are given by;
1

1
S = -_—: L = —-—
o 1+i’Q“ 1+i—w
Log-linearization of equations (6), (7), (8), and (9) at the risk free steady state defined

above yield!!,
=1 =) (=q) + (@ — 3y); (10)

' (1 - M) sSs + MQ?& ’

ths = —ly; (12)
@ = —iy+wEi(qf,) (13)

where, R%% = Rl = % is the return of the short-term as well as the long-term bonds at
the steady state, and w = 1%;.

Given the above described bond structure, and the number of newly issued bonds

11Gee appendix for detailed derivation and the log-linearization.



(equation (5)), the government budget constraint becomes'?;

PGy + By_1 = PT, + QN By

PG+ By = P, + Q. (B, —wB,_1) (14)
Dividing both sides of equation (14) by P, , and defining 7, = % gives,
G+ v T (15)
t (1 + 7Tt) t—1 — t ty

— @B
Where, V; = 7P

is the real government debt/real value of the portfolio debt of the
Treasury; and G, is the real government expenditure. Log-linearization of equation (15)

around the steady state defined above gives,

Ty 4+ U1 = V1Y + Yol — YsGy + m + (16)

where, h; ~ N(0,0.5) is the shock to the government budget constraint.

2.1.1 The Fiscal Rule

Following De Grauwe and Foresti (2023), we use the following fiscal rule that endoge-

nously determines the government spending in our model.

Gt = [10e-1 — faUe—1 — falo1 + o 0< f; <1, 1=1,2,3; fo> fs; (17)

where, ¢; ~ N(0,0.5) is the shock to the fiscal rule.
2.2 The Banking Sector

As mentioned above, bonds issued by the Treasury are purchased by the commercial
bank, and the central bank in our model. While, the commercial bank uses the deposits
of the households to accommodate the bonds in their balance sheet, the central bank uses
the reserves held by the commercial banks with them to accommodate the bonds issued
by the Treasury in their balance sheet. The balance sheets of the commercial bank, and

the central bank are given in equations (18), (19) respectively.

12See; Sims et al. (2023), and Sims and Wu (2019, 2020) for details.



Q:Bf" + RE[T = S;; (18)

Q:Bf? = RE[" (19)

The profit of the banking sector, Q;_1B; 1{R}"— (14i;_1)} is transferred to the households
in lumpsum fashion. Note, the profit of the banking sectors arises primarily from the risk
premium - interest differential between the long-term bonds, and the deposit rate in our

model.

3 The Behavioral Expectation Formation

We have used the behavioral expectation formation among economic agents to solve
our model. This heuristics of the behavioral expectation formation is proposed by De
Grauwe and Ji (2019) by assuming that, economic agents like others, have their own
cognitive limitations. As a result, unlike rational expectations, they make systematic
forecast errors each period. However, as explained by De Grauwe and Ji (2019), economic
agents following the behavioral expectation formation are rational in the sense, they eval-
uate their performance each period by correcting their past mistakes. De Grauwe and
Ji (2019) have shown, unlike rational expectation, a New Keynesian model, solved under
the behavioral expectation formation have endogenous persistence, producing the hump-
shaped impulse response of the output gap, and the inflation rate under the Gaussian
demand shocks and the supply shock. Moreover, a New Keynesian model, solved under
the behavioral expectation with Gaussian demand and supply shocks can produce dis-
tributions of the output gap and the inflation rate, which is non-Gaussian with fat tails,
as observed in the US data. Hence, we use the behavioral expectation formation in our
analysis.

The behavioral expectation formation, proposed by De Grauwe and Ji (2019) has two
types of individuals with their own cognitive limitations - (i) the fundamentalists, and (ii)
the extrapolators. Under behavioral expectation formation, the expectation of a generic

variable Z; is denoted by Et(ftH) and it is determined by the following heuristics,
O E] (@) + of B (Brir) = Ey(@111) (20)

Here, the fundamentalists, who mostly plays a role of a pacifier always forecast steady

10



state!®. Since, 7; denotes the deviation from the steady state, the heuristics of the fun-

damentalists in our model yields,

E{ (#i1) = 0 (21)

The heuristics of the extrapolator on the other hand is given by equation (22),

Ef(&;\t"!‘l) = i‘\t—l;&\: ?7,777@21\ (22)

The proportion of fundamentalist and extrapolators in the behavioral expectation
formation, a?t and af’t are determined by the their relative forecast performance. The
relative forecast performance on the other hand depends on their mean square forecast

error as given below of the corresponding group of people as given below.

Ure = _ZQk [Zy—k—1 — Ef,tfk72(§tfkfl)]2§ (23)
k=0

Ue,t = _ZQk [/‘x\tfkfl - Ee,tfkf2(/$\t7k71)]2§ (24)
k=0

where, g, = (1 — p)p* and 0 < p < 1 represents the memory parameter of both funda-
mentalists and extrapolators. An individual in this model switches from extrapolators to

fundamentalists when,

P[Uﬁt + 19]07,5 — Ue,t — 196773] >0

Therefore, the proportion of fundamentalists in this model is determined by the following
equation,
Oé?t = P[Uf}t —+ ﬁf,t > Ue,t + ﬁe,t] (25)

Similarly, the proportion of extrapolators in this model is determined by the following

equation,

O‘it =PlUct+ et > Uy + V4l (26)

where, the random variables ¥, and 9., represent the emotional state of mind/the cogni-
tive dissonance of the individuals. Following De Grauwe and Ji (2019), we assume that 9,
and V. ; are independently and identically distributed random variables and they follow a

logistic distribution. As a result following equation (27), the proportion of fundamentalist

13De Grauwe and Foresti (2023) defined them as "steady-state" forecasters.

11



is calculated as,

_ exp(7Uy)
i | 27
T exp(YUs,) + exp(YUe,) 0

Similarly, following equation (26); the proportion of extrapolators is calculated as,

o= exp(YUes)
“t " exp(YUss) + exp(yUe,)

=1- O‘?,t? (28)

where, v € [0,00) is the intensity of choice parameter of the logistic distribution. It
represents individual’s willingness to learn from their past mistakes in this model. Since,
Y;, and 9., are i.i.d., the property of the logistic distribution gives, v = var(d;;)™* =
var(de,) . Therefore, the willingness to learn of an individual tends to zero in this model
when var(d;,)"' and var(d,,)* tend to infinity and vice-versa.

Note that, the heuristics of output gap (¥;), inflation (7;), government expenditure gap
(9:) and bond-price gap (g;) in our model are determined using the behavioral expectation
as described above. Consequently, following De Grauwe and Ji (2019), we calculate a
measure of animal spirits/market sentiments by using the proportions of fundamentalists,
and extrapolators associated with the expectation formation of the output gap, as given
in from equations (29). De Grauwe and Ji (2019) show that, the animal spirits governs
the business cycle by generating an endogenous waves of optimism and pessimism in the

behavioral New Keynesian model'*.

ASi=al, —af, =2al, —1if §o-1 > 0 (29)

=—al,+al, = —2al, +1if §_1 < 0

4 The Loss Function

Following De Grauwe and Ji (2019), we use the loss function given in equation (30)
to calculate the optimal financial portfolio of the Treasury, and it’s relationship with the

extent of inflation targeting of the Federal Reserve.

L= %(sd(w) + Asd(y)); A € [0,00) (30)

M Similarly, we can calculate a measure of the central bank’s credibility index C} by using the proportion
of fundamentalist, and extrapolators associated with the expectation formation of the inflation rate as
follows, C} = 1—af, where, af , (see; De Grauwe and Ji, 2019) is the proportion of inflation extrapolators.
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Here, A\ measures the importance of the output gap relative to the inflation rate. Higher
A implies that, the Federal reserve dislike the fluctuations of the output gap more than
that of the inflation rate and vice-versa. Literature defines pure inflation targeting when
A = 0, and pure output targeting when A = oco. In our paper, the Treasury optimally
chooses her instruments - (i) the duration of the long-term bonds, and (ii) the income tax
rate. The Treasury optimally chooses its instruments to numerically minimize the loss
function given in equation (30) subject to the equations (1), (2), (3), (17), (16), (12), (13),
(10) and (11) under two distinct economic conditions 1) when traditional monetary policy
is either fully effective or occasionally ineffective, characteristic of pre-crisis periods. In
this case, the policy rate of the Federal Reserve, which is the deposit rate in our model,
is determined by a truncated Taylor rule, and 2) when the traditional monetary policy is
persistently ineffective due to the federal funds rate being at the zero lower bound (ZLB)
for an extended period, representative of the 2008 global financial crisis. Note, data shows
that, the ZLB was binding for the US from 2008 to 2015. As a result, we kept the deposit
rate at the ZLB for the initial ¢ = 30 quarters in our optimal policy analysis. To check
the robustness, we have also conducted an optimal policy analysis by keeping the deposit
rate at the ZLB for the initial # = 40 quarters. After that, the economy exits the ZLB,
and the deposit rate is determined by the truncated Taylor rule, where the ZLB can be
occasionally binding depending on the magnitude of the Shocks.. Note, such a policy
set-up is a close representation of the forward guidance policy undertaken by the Federal
Reserve to stimulate the economy in the periods of the financial crisis.

Intuitively, the optimal policy yields an optimal combination of the fiscal instruments,
duration of debt, and the tax rate by minimizing the possibilities of extreme events (by
extenuating the fat-tail of the distributions of the output gap, and the inflation rate, as
explained in De Grauwe and Ji, 2019). To find the optimal policy, we set w € (0, 1] and
7 € (0,1]. Then, for a particular combinations of w and 7 , we solve the model 2000
time periods, and calculate the loss using the standard deviation of the output gap and
the inflation rate. We repeat the above mentioned steps for each possible combinations
of w and 7. Among these combinations, we choose the optimal combination of w and
7, denoted by w* and 7* that produce the minimum value of the loss function, given in
equation (30) both under the economic conditions 1) and 2) mentioned above. We did

the calculation of optimal policy under the parametric settings given in Table 1 below.
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Table 1 : Parameters of the Model

a; =1 Coefficient of expected output in aggregate demand
as = 0.5 Interest elasticity of output demand (McCallum and Nelson, 1999)
az = 0.2658 Coefficient of public expenditure in aggregate demand
b1 =0.99 Coefficient of expected inflation in aggregate supply
by = 0.2 Coefficient of output in inflation equation in aggregate supply
bs = 0.02658 Coefficient of government expenditure in aggregate supply
cg=1.5 Coefficient of inflation in Taylor rule (Taylor, 1993)
co =0.5 Coefficient of output in Taylor rule (Taylor, 1993)
c3=0.5 Interest smoothing parameter (Blattner and Margaritov, 2010)
% =0 Steady state inflation rate
fi=0.5 Public expenditure smoothing in fiscal rule
f2=10.56 Fiscal feedback of output gap (De Grauwe and Foresti, 2023)
f3=0.05 Fiscal feedback of debt (De Grauwe and Foresti, 2023)
1= 0.01 Steady state interest rate (De Grauwe and Ji, 2019)
U = —0.06 e
Yy = 1.06 1—&
(%)ss =0.21 Government expenditure to GDP ratio (De Grauwe and Foresti, 2023)
T = 2000 Simulation for 500 years (De Grauwe, 2012)
T Income tax rate (endogenously determined)
v=2 Willingness to learn parameter (Kukacka et al, 2018 )
p=05 Memory parameter (De Grauwe, 2012)
A =0.0074 Inflation targeting parameter (Adam and Billi, 2006)

5 Results

Table 2 reports the average duration, and the proportions of the long-term bonds of
the US Treasury in the pre-crisis periods, and also in the periods of the financial crisis.
Hall and Sargent (2011) calculates the average duration of the long-term bonds for the
US as 3.5 years in the pre-crisis periods (2000 - 2007). On the other hand, Table 2 reports
that, the average duration of the long-term bonds increased to 4.2 years in the period
of financial crisis (January 2008- July 2014), as calculated by Greenwood et al. (2014).
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Along with this, we calculate the average proportion of long-term bonds in the portfolio
of the Treasury in the pre-crisis periods, and also in the periods of the financial crisis, and
reported them in Table 2. Our calculation shows that, the proportion of long-term bonds
in the Treasury’s portfolio significantly rises from 25% in the pre-crisis periods (2005 -
2007) to 43% in the periods of the financial crisis (2008 - 2014). Moreover, Table 2 also
reports that the revenue maximizing labour tax rate should fall from 28% in the pre-crisis
periods to 22% in the periods of the financial crisis, as calculated by Trabandt and Uhlig
(2011), and Trabandt and Uhlig (2012) respectively'®.

Table 2: The US Data

Pre-crisis Periods

October 2005- December 2007 w=0.25 Own calculation
2000- 2007 3.5 years Hall and Sargent (2011)
Optimal Tax rate 7T =0.28 Trabandt and Uhlig (2011)
Crisis Periods
January 2008- July 2014 u=10.43 Own calculation
2008- 2014 w=4.2years Greenwood et al. (2014)
Optimal Tax rate T=0.22 Trabandt and Uhlig (2012)

Table 3 reports the results of our optimal policy, which closely aligns with the corre-
sponding data of the US reported in Table 2. Table 3 shows, given 25% long-term bonds
in the fiscal portfolio, it is optimal for the Treasury to issue long-term bonds with du-
ration 3 years in the pre-crisis periods. On the other hand, we find that, given the 43%
long-term bonds in the fiscal portfolio, it is optimal for the Treasury to issue a long-term
bonds of duration 3.25 years when the ZLB is persistently binding till, # = 30 quarters®S.

Beside this, a income tax rate of 25% is found to be optimal in the pre-crisis periods.

15Note, in our model, the years of maturity, and duration, w of the long-term bonds are related by the
following formula, w = 1 — (4 x Dj;)~!, where, Dy is the Macaulay duration of the debt. See; Sims et
al. (2023), Sims and Wu (2019, 2020), and Mishkin (2021) for details.

16Note, fiscal policy of the US suffers from a long inside lag, delaying its implementation and changes
due to procedural, political and administrative delays. Due to the inside lag, the proportion of the long-
term bonds in the portfolio of the Treasury remains high even after the US exits from the ZLB by 2016
(see; Figure 3 in the appendix). As a result, we also kept the percentage of the long-term bonds at fixed at
43% (the average proportion of the long-term bonds in the periods of the financial crisis as mentioned in
text) to calculate the optimal instruments of the Treasury in the periods of the financial crisis (described
in the economic conditions mentioned in point 2) of the text), and did not change it even if the economy
exits from the persistent ZLB after either 30 quarters or 40 quarters.
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However, our model predicts that a reduction in the tax rate as a part of the expansion-
ary fiscal policy to 5% in the periods of the financial crisis when the monetary policy is

unproductive due to the persistently binding ZLB constraint on the deposit rate.

Table 3: The Optimal Policy

Pre-crisis Periods
(w*, 7 | p=0.25) [0.9167 (3 years), 0.25]
Crisis Periods (Persistent ZLB)
(w*, 7% | T = 30Q, u = 0.43) [0.9231 (3.25 years), 0.05]
(w*, 7% | T = 40Q, = 0.43) [0.95 (5 years), 0.25]

Along with this, we also analyze the optimal policy by keeping the deposit rate fixed
at the ZLB for, ¢ = 40 quarters to stimulate the economy in the periods of the financial
crisis through monetary policy. Commensurate with the extended persistence of the ZLB,
our model predicts a higher duration of the long-term bonds, issued by the Treasury to
stimulate the economy through the fiscal policy when the ZLB is more persistent. We
find that, the optimal duration of the long-term bonds increases from 3.25 years to 5
years when the persistence of the ZLB rises from ¢ = 30 quarters to ¢ = 40 quarters. In
our model, higher duration of the long-term bonds automatically increases their nominal
return (R,’f b — 1+thL> to incentivize the banking sectors to hold them. However, the

Qf 4
higher duration of the long-term bonds simultaneously reduces their number of new is-

suance (NB; = B, — wB;_1), forcing the Treasury to increase the optimal income tax rate
to from 5% to 25% to finance the additional fiscal stimulus in the periods of the financial
crisis.

To explain our results note that, the expansionary fiscal policy with higher government
spending and/or through lower taxes is required, especially when the traditional monetary
policy is unproductive due to the binding ZLB constraint on the nominal interest rate.
At the backdrop of lower taxes, the Treasury needs to issue long-term debts with higher
duration to mitigate its fiscal risk for financing the additional spending in the periods of
the financial crisis when the traditional monetary policy is unproductive. However, to
incentivize the banking sectors to hold more long-term bonds, the risk associated with
them needs to be appropriately compensated with higher returns.

Note, Greenwood et al. (2014, 2015) explain the rising duration of the long-term debt
in the periods of the financial crisis as a strategy for minimizing the interest rate risk of

the Treasury debt by influencing the duration gap between their assets and the liabilities.
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Our analysis on the other hand shows that, raising the duration of the Treasury debt
is the outcome of an optimal policy, yielding an optimal trade-off between the nominal
return, and the number of newly issued debt when the Treasury optimally choose their
instruments - (i) the duration of the long-term bonds, and (ii) the income tax rate at the
time of the financial crisis when the traditional monetary policy is unproductive due to

the binding ZLB constraint on the policy rate.

6 Conclusion

This study posits that, analogous to other financial institutions, extending the dura-
tion of liabilities constitutes an optimal debt management strategy for the US Treasury
during periods of financial crisis, particularly when conventional monetary policy is un-
productive due to the binding Zero Lower Bound (ZLB) on policy rates. While extant
literature has examined such debt management strategies across various financial insti-
tutions using ad hoc, partial equilibrium models, and explain it as a tool of mitigating
the interest rate risk by manipulating the duration gap between their assets and liabili-
ties, our research employs a more comprehensive approach. We develop a New Keynesian
Dynamic Stochastic General Equilibrium (DSGE) model to analyze this phenomenon.

To do it, we augment the behavioral New Keynesian model of De Grauwe and Foresti
(2023) by introducing bonds with varying maturities. In our framework, the fiscal au-
thority optimally determines their instruments - (i) bond duration, and (ii) income tax
rate to minimize a loss function, which depends on the weighted average of the standard
deviation of the output gap, and the inflation rate. We use the behavioral expectation
formation proposed by De Grauwe and Ji (2019), as it better matches the US data.

Greenwood et al. (2014, 2015) explain the rising duration of the long-term debt in the
periods of the financial crisis is a debt management strategy of the Treasury to minimize
the interest rate risk. Our model demonstrates that increasing the duration of Treasury
debt is optimal in the periods of the financial crisis when the traditional monetary policy
is unproductive due to the binding ZLB constraint on the deposit rate, as it generates
an optimal trade-off between the number of newly issued debt, and providing enough
incentives to hold them by the banking sectors. Along with this, our results also show
that a reduction of the income tax rate from 25% in the pre-crisis periods to 5% in the
periods of the financial crisis is optimal to stimulate the economy by an expansionary fiscal
policy when the traditional monetary policy is unproductive due to the ZLB constraint

on the policy rates.
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7 Appendix

7.1 Derivation of the Resource Constraint

Budget constraint of the household is,
P.Cy+ Sy = Wiy + (1 4+ 44-1)S;-1 + TR, — P T3 (A1)

where, C is the real consumption, S; is the deposit to the financial intermediaries, L; is
the labor supply, T'R; is the transfer received from the banking sector, and 7; is the real

income tax. The balance sheet of the commercial bank is,

Q:Bf"+ REfT = 5;; (A.2)

where, B} is the number of bonds purchased by the financial intermediaries from the
fiscal authority, RE!! is the reserves held by the financial intermediaries. The balance

sheet of the central bank is,

Q:BFP = REI, (A.3)

where, BE® is the number of bonds purchased by the central bank from the fiscal authority

Si=Q (B + B") = QB

The government budget constraint is,

PT, = PG+ (1 +wQ:)Bi—1 — Qi By (A.4)
= PG+ R/Qi-1Bi—1 — QB

where, (); is the price of the bond portfolio, and R} is the nominal return of the bond
portfolio.

Note, equations (A.1) to (A.4) with BY; = W;L,, and the Transfer of the banking
sector’s profit to the household, TR; = Q1B 1{R} — (1 + i;_1)} yields the resource
constraint, Y; = C; + G,.
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7.2 Government Budget Constraint

This section describes the log-linearization of the government budget constraint.
Equation (A.5) gives the government budget constraint, where, the primary surplus is
defined as; SP, =T, — G;

iy
—Vi1=SP+V,
(1 +7Tt) t—1 t t

Log-linearization around the steady state gives,

~ Sp ~ v ~
=Mt = —————8p + ———— (A.5)
Spss + USS SpSS + /USS

Log-linearization of SP, around steady state gives,

T 1
Sp, = U — Ti; A6
Dy T_gyt gT_lgt (A.6)
@t = F4Z7t - F5/9\t (A-7)
Following De Grauwe and Foresti (2023), we use }Q, = 0.21. Substituting, equation

(A.7) to equation (A.5) gives,
Ty — T+ U1 — hy = 13 + 20 — P3G
where, h; = —Et ~ N(0,0.5) is the random shock to the government budget constraint;

J1F4 = 11; @ZlFE, = 3.

7.3 Derivation of Steady State Bond Prices

We concentrate on a risk free steady state with identical return of short-run and long-
run bonds, R%F = R%* = (1+14) = % Note, R%E = R™® = (1 +1) yields the bond prices
at the steady state as,

1 L
i = (14 = L
B l4i—w VY 1414

where, b; is the discount factor in our model.
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The return of the fiscal portfolio is,
n n,S 7,
R =(1—p) R + phy -
The log-linearization of the above equation yields the return of the fiscal portfolio as,

== =a) + @G — )

7.4 Algorithm for Solving Bond Prices

This section describes the algorithm of solving the long-term bond price gap.

1. Our model starts from period one. In period one, all the variables are in steady

state. Hence, vy =1 =M=y =m=g=u=q¢; =q¢ =0; g5¢ =0.

2. In period two, all the five i.i.d. shocks (e, m, u, @1, he) ~ N(0,0.5) simultaneously
hit the model. Hence, the agents start making the expectations. Following the
expectation hypothesis, Ey(77,,) = T, & = — (1) + wEy(qh,) (see; Cochrane, 2022),
we calculate, gk as follows;

() +& _ 7\ AL

Ex(T5) = T o a?,tags +(1- a(jf,t)(h =0 (A.8)

~

quL = —l2
3. Similarly, for t = 4,5, ...we calculate the bond prices for ¢t = 3,4, 5, ... as follows;

~ N (/L\t_1) + Z]\L_ L L =L,
E () = Ttl = o}, 055 + (1= af )37 = (1—af ), (A.9)

/\L —~
(/]\tL—l = [w(1 - Oé?f,t)atL—2 =

4. We calculate the short-run and the long-run portfolio prices as follows;

G =~
1 — S =S L oL
~ ( /JJ) stQt + /"LQSSQt (AlO)

T TS0 QS + Qk,
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using equation (A.10), we can find the values of Gy, @, @3, ..., where Q3. = %H,

L _ _ 1
ss T 14i—w

5. We calculate the short-run and the long-run portfolio return as follows;

7S ~S
T = (=71)
L
T = wz]\tL — 41
6. The portfolio return is calculated as follows;

== (=G + (@G — 3y)

7. Following the above mentioned steps, we calculate g ,Z]}L,?f’s,?f’L,@, and 7} by

setting 7; = —i, when the ZLB is binding'”.
7.5 Algorithm of Optimal Policy
Our objective is to calculate the eight endogenous variables, (4, ¢, 1, Gi, Ur, QF5 T2, @)
by numerically solving the following eight equations. To do it, we have written the eight

equations in matrix notation. Then, following De Grauwe and Ji (2019) we have solved

it using the algorithm of Binder and Pesaran (2000).

Ut = Et@tH) - CLQ(Zt - Et(WtJrl)) - a3(Et(§t+1) - gt) +e t=1,2,3,..;
Ty = b1Et(7Tt+1) + bafs — b3gs + my;

it = max(—1i, 17 + Colr + C3Li—1 + Up);
0t = f19t-1 — falr—1 — f30i—1 + @45
Ty 4 U1 = V1Y + Yol — 3Gy + T +

A G\~ R
Gy = [w(1 - a?gt)qt]iz —Tal;

17The Matlab code will be made available on request.

25



= 1= p) (=g ) + plwgk — gy
i — LW QLT + Q.3
(1 - y’) fs + MQ?S

The above eight equations can be succinctly written in matrix notation as given below,

0Z, = E1E((Zip1) + EaZir + 5,

where,

1 0 as —az 0 0 0 0
by 1 0 by O 0 0 0
ey — 1 0 0 0 0 0
S 0 1 0 0 0 0|
1 0 —g 1o 0 -1 0|’
0 0 1 0 0 1 0 0
0 0 0 0 — U 1 0
i 0 ot 0 0 —maatier 0 1
(7, ] (1 a3 0 —az 0 0 0 0
m 0 b, 0 0O 0000
o 000 0 0000
%l _ looo o 0000
Zy=|"_|;E1= ;
o 000 0 0000
q- 000 0 0000
7 000 0 0000
G | 000 0 000 0
[0 0 0 0 0 0 0] &, |
0 0 0 0 00 m
0 0 ¢ 0 0 0 0 u
- —f2 0 0 Ji —f3 0 00 1
S = $ 2 =
o0 o0 0 1 0 00 h,
00 0 0 0 wl-al) 00
0 0 (1—p) 0 0 — 00
(000 0 0 0 0 0 0] 0]

Intuitively, the optimal policy yields an optimal combination of the fiscal instruments
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that minimizes the possibilities of extreme events by extenuating the fat-tail of the distri-
butions of the output gap, and the inflation rate (see; De Grauwe and Ji, 2019). To find
the optimal policy, we set w € (0,1] and 7 € (0,1]. Then, for a particular combination of
w and 7 , we solve the model 2000 time periods, and calculate the loss using the standard
deviation of the output gap and the inflation rate. We repeat the above mentioned steps
for each possible combinations of w and 7. Among these combinations, we choose the
optimal combination of w and 7, denoted by w* and 7* that produce the minimum value
of the loss function both under the economic conditions 1) and 2) as mentioned in the

text.
7.6 Figures

This section plots the figures.
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Figure 1: The QE and the Fiscal Debt
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This figure plots rising trend in QE and the Treasry debt in the periods of the financial crisis.
Source: Greenwood et al. (2014)
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Figure 2: Average Duration of the Treasury Debt
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This figure plots significant the rise in the duration of the Treasury debt in the periods of financial
crisis than the pre-crisis periods. Source: Hall and Sargent (2011), Greenwood et al. (2014).
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Figure 3: Proportion of Long-term Bonds
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This figure depicts the significant rise in the proportion of long-term bonds in the portfolio of the
Treasury in the periods of financial crisis than the pre-crisis periods. Source: own calculations

from the data of the Fiscal Treasury, obtained from FiscalData.Treasury.gov
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