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ACTUAL DEBT MANAGEMENT
Lots of short-term government debt, with portfolio share that is 
highly serially correlated and not too volatile, since issuance of 
debt of all maturities as a ratio of GDP moves together.

BB NBB
lending no lending lending no lending opt. repurch.

EEE1 ave -3.97 -3.72 -3.84 -3.86 -3.84
max -2.30 -2.28 -2.50 -2.64 -2.79

EEEN ave -3.18 -3.06 -3.53 -3.51 -3.18
max -1.81 -1.93 -2.55 -2.47 -2.12

EEEN�1 ave -3.23
max -1.94

Notes: The Table reports average and maximum Euler equation errors (EEE) for the benchmark models
(buyback/ no buyback, lending / no lending, and optimal repurchases). Additional moments and errors for
other models considered in this paper can be found in the online appendix.

Table 6: Accuracy Tests

Figure 1: Share of Short Term Debt in the US
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Notes: The Figure plots the share of short maturity government debt (less than or equal to one year) in
the US over the period 1955-2015. The data are annual observations (time aggregated from monthly data
extracted from the CRSP). Details on the data construction are contained in the Appendix.
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ACTUAL DEBT MANAGEMENT
Rare repurchase and reissue, so (new) issues are about 1/3-1/2 
of overall debt (robust to callable bonds).

Figure 2: Total Issuance as a Fraction of the Market Value of Outstanding Debt
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Notes: The Figure plots the issuance of new government debt by year and in market value, as a fraction of
the total market value of debt outstanding in the United States. The data are from the CRSP and refer to
the period 1955-2015.
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Remaining Term (in quarters) Normalized Count
0 98.86%

1 0.70%

2-4 0.24%

5-9 0.05%

10-14 0.02%

�15 0.13%

Notes: The table provides information on the redemption profiles of non callable bonds. The data are all non
callable debt issued by the US Treasury since the 1920s. ’Remaining Term’ counts the number of quarters
remaining until maturity when debt is bought back. When 0 this signifies that debt is bought at maturity.
The data are extracted from the CRSP.

Table 1: Remaining Term at Time of Buyback

Year Amount Issued (in millions) Share Called
1931 755 100%
1934 491 100%
1935 2611 100%
1936 5616 100%
1938 3588 100%
1939 1689 100%
1940 1404 100%
1941 9326 55.35%
1942 14061 38.06%
1943 16763 29.46%
1944 26986 14.16%
1945 28172 11.71%
1952 921 100%
1953 1606 0%
1960 470 0%
1962 365 0%
1963 550 54.55%
1973 1618 100%
1974 587 100%
1975 3616 100%
1976 1574 100%
1977 2638 100%
1978 4516 100%
1979 4523 100%
1980 7794 100%
1981 4626 100%
1982 3163 100%
1983 4921 100%
1984 16142 100%

Notes: The table lists (by year of issuance) the total amounts of callable bonds which have been called prior
to maturity. The data are extracted from the CRSP.

Table 2: Share of Redeemed Callable Treasuries by Year of Issuance
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MODEL DEBT MANAGEMENT
One strand: incomplete markets and insurance (Angeletos, 2002)
• Aggregate shocks change real interest rate profile over time, 

so change relative price of bonds of different maturities.
• Debt profile then affects the response of fiscal burden to 

shocks, makes debt payments state contingent.
• “Completes markets”

Difficulties:
• At optimum issue long-term bonds, buy short-term assets 

Buera Nicolini (2004). Real interest rates move too little.
• Commitment problem: ex post will raise real interest rates to 

devalue the long-term debt. (Debortoli, Nunes, Yared, 2016)
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STANDARD MODEL
Fiscal burden

Budget constraint

Combining them

But then assume no arbitrage in pricing

limit the huge variety of debt instruments issued by the government and simply consider

promised payments (either principal or coupon payments) at each point in time. Again, ar-

bitrage should imply that this assumption is reasonable. Third, unfunded nominal liabilities

of the government like Social Security could be included in Bj
t , and the real assets (and real

liabilities) of the government could be included in Kj
t . Theoretically, they pose no problem.

In practice, measuring any of these precisely, or taking into account their lower liquidity, is

a challenge that goes beyond this paper, so we will leave them out.

If all debt were short-term, then the expression in equation (1) would reduce to B0
t /Pt +

K0
t . The simple rule of thumb that an increase in Pt lowers the debt burden proportionately

to the privately-held nominal debt is accurate. However, with longer maturities, future

inflation and higher future price levels a↵ect yields and so also the value of debt. Without

knowing how yields of di↵erent government liabilities depend on inflation, this equation

cannot answer our question.

2.2 The law of motion for debt

To pay for the debt, the government must either collect a real fiscal primary surplus of st,

or borrow more from the private sector:

Wt = st +
1X

j=0

Hj+1
t Bj

t+1

Pt
+

1X

j=0

Qj+1
t Kj

t+1. (2)

Combining the previous two equations provides a law of motion for debt. Looking forward

from date 0 for t periods, we can write it as:
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2 Theory: the debt burden and risk-neutral densities

Our goal is to measure the fall in the debt burden due to higher inflation. This requires

coming up with a workable definition of the debt burden, seeing the e↵ect of inflation on it,

and estimating its size. This section derives a simple formula that accomplishes these three

goals.

2.1 The public debt

Letting Wt denote the real market value of government debt at date t:

Wt =
1X

j=0

Hj
tB

j
t

Pt
+

1X

j=0

Qj
tK

j
t . (1)

Going over each of the terms on the right-hand side: Bj
t is the par value of zero-coupon

nominal debt held at date t that has a maturity of j years, so that at date t the government

expects to pay Bj
t dollars at date t+ j. Kj

t is the par value of real debt held at date t that

has a maturity of j years, referring mostly to Treasury inflation protected securities (TIPS).

Hj
t is the market price (or inverse-yield) at which nominal debt with a maturity of j years

trades at date t. Likewise, Qj
t is the price (or inverse-yield) of TIPS with a maturity of j

years at date t. Finally, Pt is the price level, and we will use the notation ⇡t,t+j = Pt+j/Pt

to denote gross cumulative inflation between two dates. The following normalizations apply:

H0
t = Q0

t = 1 and P0 = 1.

Modeling the government debt this way involves some simplifications. First, the gov-

ernment often has a wide variety of non-market outstanding debt. The implicit assumption

above is that their price is the same as that of marketable debt, which should be the case

through the forces of arbitrage between these di↵erent securities. Second, it assumes that

coupon-paying bonds can be priced as portfolios of zero-coupon bonds. In this way, we
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of di↵erent maturities. U.S. government bond markets are one of the most liquid in the

world, have fewer restrictions on short-selling, and serve as the fundamental asset for many

traded derivatives. Moreover, note that we do not require the stochastic discount factor to be

unique, so we are not assuming complete markets. We are also not excluding the possibility

that there are varying risk premia or excess profits across di↵erent maturities, as in models

of segmented markets or preferred habitats, so we are not ruling out possible liquidity premia

or the e↵ectiveness of quantitative easing policies. We have the much weaker assumption

that there is no risk-free arbitrage across maturities of Treasuries.4

The stochastic discount factor at date t for a real payo↵ at date t+j is denoted by mt,t+j,

and the conventional pricing equations for j-period bonds are:

1 = Et

✓
mt,t+j

Qj
t

◆
= Et

 
mt,t+jPt

Hj
tPt+j

!
. (4)

A nominal discount bond costs Hj
t /Pt in real units at date t, and pays o↵ 1/Pt+j real units

in j periods; its return times the stochastic discount factor has to have an expectation of

1. Likewise for a real bond. The absence of arbitrage over time implies that the stochastic

discount factors across any two maturities, n and j are linked by: mt,t+j = mt,t+nmt+n,t+j

for 1  n  j.

Multiplying by stochastic discount factors at di↵erent dates and taking expectations of

equation (3), while taking the limit as time goes to infinity and imposing that the government

cannot run a Ponzi scheme, we get the following result:5

W0 = E
" 1X

t=0

m0,t

✓
Bt

0

Pt

◆#
+ E

" 1X

t=0

m0,tK
t
0

#
= E

" 1X

t=0

m0,tst

#
. (5)

4Our construction of risk-neutral distributions in section 4 also requires no arbitrage in the inflation
derivatives market.

5We could allow for bubbles or Ponzi schemes by the government. As long as their value does not depend
on inflation, then proposition 1 below is unchanged.
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EVOLUTION OF DEBT
Budget constraint is first-order Markov

This paper assume no debt repurchase/reissue, state space 
expands in a big way. 

Numerical methods. Keep track of distribution of debt 
maturities over time.

expectations gives:

Wt = Et(mt,t+1Wt+1) + st + Et

✓

mt,t+1xt+1

Q1
t

◆

. (A3)

For now, assume that the last term on the right-hand side is zero. We will show it shortly.

Multiply both sides of (A3) by m0,t and take expectations as of date 0, so that using the law

of iterated expectations you get the recursion:

E0(m0,tWt) = E0(m0,t+1Wt+1) + E0(m0,tst). (A4)

Iterate this forward from date 0 to date T , and take the limit as T goes to infinity. With the

no-Ponzi scheme condition limT!1 E0 (m0,TWT ) = 0, we get the result in expression (5):

W0 = E0

" 1
X

t=0

m0,tst

#

. (A5)

Finally, for the first equality in expression (5), replace out the bond prices from equation (1)

using the equations in (4).

The missing step was to show that Et(mt,t+1xt+1/Q
1
t ) = 0 for all t. Consider the first

element of xt+1 and take the following steps:
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2

Wt = st + b0t
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MOREOVER…
Lower bound on debt (also in work before):

Linear transaction costs in issuances, and in repurchases 
(baseline above has zero on first, infinite on second), calibrated 
to match bid ask spreads and market impact.

bjt � 0
price, gives total transaction costs at t as

T ot

t

=
X

i2{S,N}

p

i

t

b

i

t

T

i(bi
t

) + p

N�1
t

R

t

T

R(R
t

).

Based on our discussion in Section 2 we specify the following functions for transaction costs:

T

i(bi
t

) = ↵

i

0+↵

i

1b
i

t

for i = S,N and T

R(R
t

) = ↵

R

0 +↵

R

1 Rt

.

37 The bid-ask spread margin is independent

of the scale of purchases and so will be reflected in the intercept terms ↵0 whilst the auction e↵ects

pin down the slope e↵ects. The fact that the costs are linear in issuance/repurchases means that the

term T

i(bi
t

) which appears in the total costs is linear quadratic. Assuming a linear quadratic function

is a standard specification in the literature on transaction costs and captures the notion, common in

our conversations with debt managers, that price pressures increase the larger the transaction.38

As usual in the transaction cost literature we assume that these costs are in terms of hours worked

so that feasibility now requires39

c

t

+ g

t

+ T ot

t

= T � x

t

Amihud and Mendelson (1991) calculate that bid aks spreads and brokerage fees amount to

0.0381 percent of the price for bonds and 0.0099 percent for Treasury bills. This gives us estimates

of ↵1
0 = 0.000099 and ↵

N

0 = ↵

R

0 = 0.000381 (given the face value of a bond is 1 in our model and

bid-ask spreads are symmetrical on buyers and sellers). To calibrate the slope terms ↵1 we use the

estimates of Lou, Yan and Zhang (2013) such that yields are a↵ected by 3 basis points on average

due to auction e↵ects on issuance/repurchases.40 Their estimate is common across all maturities.

The fact the impact is calibrated in terms of yearly yields and the costs T above are paid only

at issuance means that we need to translate the 3 bps estimate into issuance costs T . The e↵ect

of issuance/purchase is larger on longer maturity bonds (the impact on bond prices is proportional

to the impact on yield multiplied by the duration of the bond). This calibration means that the

steady state yields of bonds, after taking into account auction e↵ects, is 1/�+0.0003� 1, i.e auction

e↵ects increase the cost of issuing bonds across all maturities by 3 basis points on average. The

annualized yield plus auction costs implied by the above transaction cost function is
⇣

1
p

i(1�↵

i

1b
i)

⌘1/i

�1,

where p

i and b

i are averages. Equating these expressions and rearranging gives an estimate of

↵

i

1b
i = 1 � (1 + 0.0003�)�i. For i = 10, 9,1 this gives average auction costs (↵i

1b
i) of 0.0028, 0.0026

and 0.000284 respectively. To calibrate the slope terms we need to divide these average auction

e↵ects through by the average issuance in our simulations. Since the no-buyback model of Section

5.2 matches the data reasonably well we use average issuances in that model to arrive at the following

estimates for the slope coe�cients : ↵1
1 = 0.000021, ↵10

1 = 0.001 and ↵

R

1 = 0.000926.41

37If bi
t

would be allowed to be negative this function would present a kink at bi
t

= 0, giving rise to non-smooth
solutions that would be hard to compute. Since we impose bi

t

� 0 in this subsection there is no kink, solutions are
smooth, and all costs considered are indeed positive if we take T

i

� 0.
38Support for this is also to be found in Breedon and Turner (2016) Table A2.1.
39Not all transaction costs require resources to be deducted from the resource constraint. Our findings in this section

remain if no such deduction is made.
40Lou et al actually give a range of 2-3 bps. These estimates are broadly similar to Breedon and Turner (2016)

Table 2 and substantially less than many estimates of the impact of QE on yields.
41We calibrate repurchases assuming that the auction e↵ects are symmetric in buying and selling. We therefore use

estimates for i = 9 to calibrate the repurchase auction e↵ects one year after a ten year bond has been issued. Point
estimates in Breedon and Turner (2016) suggest that repurchase auction e↵ects may actually be larger than issuance
e↵ects. However given the importance of no buyback in our model we make the more conservative assumption that
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RESULTS: RARE REPURCHASES
Figure 11: Model Simulations: Debt to GDP ratio and Repurchases

0 50 100 150 200 250 300 350
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Period

M
ar

ke
t V

al
ue

/G
D

P 
an

d 
R

ep
ur

ch
as

es

Market Value of Debt / GDP
Repurchases

Notes: The Figure plots the debt to GDP ratio (solid line) and the absolute level of repurchases (dashed
line) in model of Section 6.3. We used the sample of spending as in Figures 6 to 9. The upper bounds
imposed on the market value of short and long debt equal 100% of steady state GDP. Hence the market
value of total government debt can be as high as 200% of steady state GDP. The lower bounds of short and
long bonds are equal to 0.
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RESULTS: SHORT DEBT DYNAMICS
S

t

(%) �S
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(%) ⇢(S1,t,S1,t�1) ⇢(ebS
t
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e
b

N
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) %S
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 0.1

US DATA 43 7.8 0.94 0.86 0 0

BuyBack

’Lend.’ 4·103 3·105 0.47 -0.01 - -
’No Lend.’ 12 13.0 0.86 0.25 13.1% 56.6%

No Buy back

’Lend.’ 76 3·103 0.42 0.87 - -
’No Lend.’ 48 8.1 0.92 0.92 0.01% 0.02%

’No Lend.+Coupons’ 51 4.9 0.90 0.94 0.01% 0.02%
’3 Bonds’ 31 5.5 0.81 0.93 0.11% 0.64%

Repurchases+
T Costs

’No Lend.’ 45 9.0 0.92 0.93 0.01% 0.01%

Notes: S
t

denotes the share of debt of maturity less than or equal to one year over the total (market value)
of debt. S

t

represents the average share and �S
t

denotes the standard deviation. The statistic ⇢(b̃S
t

,b̃

N

t

) is

the correlation between the market value of short debt and the value of long debt both divided by GDP.
The exact definition of the market values, varies depending on the model specification. For example under

buyback it holds that ⇢(b̃S
t

,b̃
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P
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t

.

Therefore, when S = 1 the value of long debt outstanding is the value of all debt which in t is of maturity
greater than one year and b̃S

t

is the market value of all outstanding debt less than one year maturity, divided
by GDP. The data counterpart is constructed applying this logic (see text).
%S

t

 x denotes the percentage of times that S
t

is less than or equal to x.
Finally T denotes the transaction cost function specified in Section 6. See text for details.

Table 4: Moments: Data and Models

S

t

�S
t

⇢(S
t

,S
t�1) ⇢(ebS

t

,

e
b

N

t

)
std. of sample moment 0.0314 0.0139 0.0209 0.0354

Buyback
‘Lend.’ -1355 247540 22.44 24.65

‘No Lend.’ 9.87 -3.76 3.79 17.32
No Buyback

‘Lend.’ -10.52 -2744 24.83 -0.17
‘No Lend.’ -1.60 -0.24 0.92 -1.59

‘No Lend.+Coupons’ -2.55 2.05 1.88 -2.15
’3 Bonds’ 3.81 1.61 6.18 -1.87

Repurchases

‘No Lend.’ -0.65 -0.89 0.92 -1.87

Notes: The Table presents t statistics testing the hypothesis that the data moments are equal to the model
generated moments summarized in Table 4.

Table 5: t stats: Data and Model Moments

43



10

RESULTS: WELFARE
• With no transaction costs: Small welfare costs of no 

buybacks alone: 0.4% of consumption.

• With transaction costs: utility benefits of buybacks are 14 
times smaller than reasonable small transaction costs.

• Smoothing not such a big deal: Old menu cost / near 
rationality / costs of business cycle literatures intuition. Or 
not?



COMMENT: OTHER DRIVERS
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Other reasons (models) determining maturity of debt that 
push for higher short-term debt

• Sovereign default and incentive to repay (Aguiar and Amador, 
2016)

• Ability to inflate in persistent way (Hilscher, Raviv, Reis, 2014)

• Long-term debt is expensive (Ellison, Scott, 2017)

• Bond clienteles (Guibaud, Nosbuch, Vayanos, 2013)



COMMENT: DATA
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Figure 6: The role of the maturity distribution on the debasement distribution
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COMMENT: DATA
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Figure 2: U.S. public debt in 2015 by maturity
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Figure 3: Impulse response of inflation to interest-rate shocks: the role of debt maturity
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Government assets

• Corporations, forests, infrastructure. Recent claim, $750 
trillion (Public wealth of nations, Detter and Folster).  Mostly 
long term, perhaps.

Buybacks when debt is falling

• Expand sample to OECD, are buybacks more frequent?



COMMENT: PRIMARY
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• Distinction between primary and secondary markets. Very 
strong in practice, weak in theory.

• DMOs, and public institutions in general, are very averse to 
intervene in secondary markets. 

• Asymmetric information? Compare with share repurchases.

• Interfere with private allocation? Not if government bonds

• Fear of default and manipulation? Goes the other way.



COMMENT: CENTRAL BANKS
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• UK National Debt Inquiry of 1945, and Radcliffe report of 
1959. Both charged Bank of England with “managing the 
debt”, buying and selling bonds of different maturities.

• Hahn viewing Radcliffe report: “..must have and must 
consciously exercise a positive policy about interest rates, long as 
well as short, and about the relationship between them.”

• These are buybacks in all effect. And happened all the time. 
They are repurchase and reissue. But that do not change 
overall size of debt. Why ok?



CONCLUSION
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• We don’t see buybacks. Short-term debt dynamics needs to 
be explained.

• No buybacks matters for debt management. Constraint is not 
so costly, but has large effect on dynamics.

• Comment 1: broader literatures.

• Comment 2: measuring b is far from easy.

• Comment 3: why no buybacks, secondary markets and the 
central bank.


