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1.	
  Fundamental	
  points	
  
1.  Central	
  banks	
  can	
  run	
  out	
  of	
  resources	
  

–  It	
  issues	
  liabiliPes	
  for	
  others	
  to	
  hold.	
  

– Default,	
  (hyper)inflaPon,	
  currency	
  reform.	
  

– Uniqueness?	
  Seignorage.	
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Fundamental	
  points	
  
2.	
  	
  	
  Central	
  bank	
  solvency	
  =	
  backing	
  =	
  independence	
  

– Difference	
  from	
  Department	
  of	
  TransportaPon	
  

–  Insolvent	
  iff	
  Treasury	
  does	
  not	
  provide	
  backing	
  iff	
  
cannot	
  be	
  financially	
  independent.	
  

– Approach:	
  take	
  P	
  as	
  given.	
  	
  

– Three	
  forms	
  of	
  insolvency:	
  period,	
  rule-­‐based,	
  
intertemporal.	
  

3	
  



Period-­‐solvency	
  
Every	
  period	
  ensure	
  that	
  d > 0

	
  Case	
  1:	
  textbook	
  central	
  bank	
  
	
  
	
  

	
  Case	
  2:	
  open-­‐market-­‐operaPons	
  central	
  bank	
  
	
  
	
  

	
  Case	
  3:	
  New-­‐style	
  central	
  bank	
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d = s =
�M

P

d = iB

In general, from an arbitrary starting point of real net worth W0, reserves are not state

dependent. Rather, they are the sum of a state-dependent component qtBt � Nt and a

negative component associated with the initial level of real net worth that dies away with

time. The dying away would be at a constant rate if the rate of inflation were constant

across all states.

Under this dividend rule, reserves fluctuate not only because of changes in bond holdings

but also as the public varies its demand for currency. As before, the central bank is able to

pay its reserves at whatever level it desires, and reserves during a crisis, VS, may be high

but they are sustainable. Again, the rule may call for negative dividends.

2.5 When is net income negative?

Paying interest on reserves and holding long-term bonds opens the possibility of negative

dividends. Substituting the law of motion for reserves, equation (24), into the real mark-

to-market dividend rule in equation (9) describes dividends in terms of exogenous variables

and the initial condition:

ds0 = ns,s0 � rs(V0 � q0B0) + (cs � �qs0 � rsqs)Bs + (qs0 � qs)Bs. (17)

The first component of dividends is ns,s0 , the central bank’s real seignorage income. If

the central bank does not pay interest on reserves and holds only short-term bonds, this

component is the only non-zero one. As long as seignorage is positive, the central bank will

pay a positive dividend to the Treasury.

The second component, rs(V0 � q0B0), is the payment on the real value of reserves in

excess of the value of the bonds. Recall from proposition 1 that the amount in brackets is

constant over time. In times when real interest rates rise, the central bank may find itself

driven towards negative dividends if, as assumed here, it is committed to stabilizing inflation

using the payment-on-reserves rule. The third component is the sum of (1) (cs��qs0�rsqs)Bs,

the di↵erence between the coupon payment adjusted for bond depreciation less the real rate

on reserves, and (2) (qs0 � qs)Bs, the capital gain on the bond portfolio. If � = 1 this second

term is exactly zero. But for a central bank that holds long-term bonds, net income is more

likely to be negative when the bond repayment is impaired or when there is a capital loss in

the bond portfolio. Therefore, the most likely sources of negative net income are defaults on

bonds held by the central bank and the decline in the market values of bonds as the economy

transits to a higher interest rate.
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Period-­‐solvency	
  for	
  Fed?	
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Figure 12 - Income Projections
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Figure 4: Flows Into and Out of Reserves

big factor is purchasing and selling bonds. When the crisis strikes, the Fed expands reserves

to buy bonds; when it ends, the Fed sells a large volume of bonds and pays down reserves.

Dividend payments, which add to reserves, also have noticeable roles at the beginning of the

crisis—when capital gains from the lower interest rate accrue and are paid to the Treasury—

and at the end of the crisis—when capital losses from the higher interest rate accrue and

the Treasury bails the Fed out. The negative dividend payment at that time is e↵ectively a

recapitalization of the Fed.

3.5 The solvency of the Fed

If the Treasury has a policy of no recapitalization, the Fed must borrow from the banking

system by issuing reserves to cover negative income. The adoption of a dividend rule that

causes the Fed’s debt to the banking system to rise to ever-higher levels in each crisis could

compromise the Fed’s solvency.

The Treasury allows the Fed to retire the extra reserves through the D account we

described earlier. We take the upper limit to be D̄ = 0.02 or 2 percent of GDP, a limit

that is not binding in our scenario. The result is that the balance D is always the same as

the extra reserves Z, which is our dollar measure of the financial weakness of the Federal

Reserve.
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Rule-­‐solvency	
  
Every	
  period,	
  sPck	
  to	
  rule	
  in	
  agreement	
  with	
  Treasury.	
  
	
  
Hall-­‐Reis	
  result	
  1:	
  if	
  d=y=net income,	
  always	
  solvent.	
  
	
  
Hall-­‐Reis	
  result	
  2:	
  if	
  d=max{y,0},	
  insolvent	
  with	
  prob.	
  1	
  
	
  
Hall-­‐Reis	
  result	
  3:	
  if	
  deferred	
  asset,	
  very	
  likely	
  solvent.	
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draw it down by paying a dividend d0 less than net income y0. On the other hand, when y0

is negative, the balance D rises by �y0. The dividend rule is

d0 = max(y0 �D, 0). (25)

We also assume that an upper limit D̄ applies to the balance. Central-bank charters are

vague about this limit but they allow the Treasury to, at its discretion, reclaim the surplus

accumulated by the central bank. It is quite plausible that if the balance in D was high the

Treasury would perceive the payments associated with this debt to the central bank as an

e↵ective recapitalization. A balance above D̄ would put in question the independence of the

central bank in the same way that we argued before when we set this limit to zero.

Balances in the D account decline with inflation, matching the decline that occurs in the

extra component of reserves, Z. Putting all of these elements together, we get the law of

motion,

D0 = min

✓
D̄,

1

1 + ⇡s
(D �max(y0 � d0, 0) + max(�y0, 0))

◆
. (26)

As before, the law of motion of the bulge in reserves caused by missed recapitalizations, Z,

is

Z 0 =
1

1 + ⇡s
Z + d0 � y0. (27)

This provision, with a reasonably generous value of D̄, will cancel a bulge of reserve

issuance following an episode of negative net income by cutting subsequent dividends and

using the funds to pay o↵ the bulge of reserves. The degree of protection depends on D̄ and

the frequency and magnitude of negative incomes compared to o↵setting positive incomes in

normal times. But in an infinite lifetime, the buildup of reserves Z will rise above any finite

level with positive probability at some time. Allowing the central bank to pay low dividends

to recover from a buildup lowers the probability that reserves will reach a high level but does

not prevent it.

The message from these results is that, whatever the dividend rule or the inflation policy,

negative net income poses a challenge. If the Treasury does not recapitalize the central

bank, reserves will have to rise. In all cases, reserves could with positive probability become

arbitrarily high, and in some cases may even become non-stationary.
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  for	
  Fed?	
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Figure 5: How the D Account Generates a Speedy Elimination of Extra Reserves from a
Capital Loss

Figure 5 shows the operation of the D account in our earlier scenario, extended for 7

more years in state 3 to show how the account is gradually worked o↵. Until the crisis ends,

dividends equal net income, resulting in a large payout to the Treasury when the Fed’s bond

portfolio appreciates at the onset of the crisis. When the economy recovers, net income is

negative for a year. The Fed issues extra reserves to cover the absence of recapitalization.

The balance in the D account rises to 1 percent of nominal GDP, along with a bulge in

reserves of the same amount. For the next 6 years, the Fed pays the Treasury zero dividends

and gradually works of the balance in D and the extra reserves that had been issued when

the crisis ended. Thus, the Treasury does not make a cash payment to the Fed, but the

equivalent happens over time, as the Treasury foregoes dividends in equivalent amount. The

following year, the Fed pays a positive dividend but less than net income. In the succeeding

years, D = Z = 0 and reserves are back to their state-dependent normal values.

3.6 Marking the Fed’s portfolio

The scenario in Figure 5 assumes that the Fed’s bond holdings are market to market each

year in determining net income y. In fact, as we noted earlier, the Fed does not mark a

bond to market, but computes net income as if the bond were invariably worth its nominal
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  Hall	
  Reis	
  (2013) 	
   	
  Carpenter	
  et	
  al	
  (2013)	
  

Figure 14 - Income Projections with Higher Interest Rates
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Intertemporal-­‐solvency	
  
If	
  no	
  bubble	
  on	
  excess	
  reserves	
  (and	
  no	
  arbitrage):	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Reis	
  (13),	
  BasseLo	
  Messer	
  (13),	
  Corseb	
  Dedola	
  (14)	
  

Del	
  Negro	
  and	
  Sims	
  (2014)	
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Result

Proposition
The intertemporal fiscal capacity of a central bank is bounded
above by the present value of seignorage, plus the value of bond
holdings and assets, minus the value of excess reserves:

Et

1X

⌧=1

mt,t+⌧dt+⌧

| {z }
Solvency

 at +
JX

j=0

qjt b
j
t

pt
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Balance-sheet capital

+Et
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mt,t+⌧st+⌧

| {z }
PV of seignorage



How	
  large	
  are	
  terms	
  for	
  Fed?	
  
Balance-­‐sheet	
  capital	
  at	
  end	
  of	
  2013:	
  
-­‐-­‐	
  size	
  of	
  reserves:	
  14.7%	
  of	
  GDP.	
  
-­‐-­‐	
  balance:	
  0.4%	
  of	
  GDP.	
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Present	
  value	
  of	
  seignorage	
  
•  Basic	
  rule	
  of	
  thumb:	
  
•  	
  Simple	
  rule	
  of	
  thumb:	
  	
  

•  	
  Hilscher,	
  Raviv,	
  Reis	
  (2014):	
  16-­‐18%	
  of	
  GDP.	
  

•  Del	
  Negro	
  Sims:	
  	
  92%	
  of	
  GDP.	
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And	
  changes	
  a	
  lot	
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CENTRAL BANK’S BALANCE SHEET. 27

TABLE 3. Central bank’s resources under different simulations
(1) (2) (3) (4) (5)

qB/P
�V/P

PDV
seigniorage (1)+(2) q B̄/B

Baseline calibration

(1) Baseline scenario 0.146 1.139 1.285 1.08

(2) Higher rates (b) 0.130 0.181 0.311 1.06 12.62

(3) Higher rates (g) 0.141 1.443 1.584 1.06 60.23

(4) Inflation scare 0.028 0.692 0.720 0.85 4.15

(5) Explosive path 0.069 0.466 0.535 0.85 3.28

Higher qp

(6) Inflation scare 0.048 0.599 0.647 0.90 4.54

(7) Explosive path -0.010 0.175 0.165 0.61 1.34

Lower qp

(8) Inflation scare -0.070 0.861 0.791 0.47 2.69

(9) Explosive path 0.135 6.806 6.942 1.05 199.41

ratio of market over par value of assets reported in Federal Reserve System

(2014).14 The discounted present value of seigniorage is almost an order of

magnitude larger, however, at 114 percent of Y-G, and represents the bulk

of the central bank resources (and therefore of the present discounted value

of remittances), which are 128 percent of Y-G.15

14Page 23 and 29 shows the par and market (fair) value of Treasury and GSE debt secu-

rities, and Federal Agency and GSE MBS, respectively.
15Column 4 in Table A-1 in the appendix shows t̄C as defined in equation (28): the

constant level of remittances (accounting for the trend in productivity) that would satisfy

equation (27), expressed as a fraction of Y-G like all other real variables. That is, the amount

t̄C such that tC
t = t̄Cegt satisfies the present value relationship. We find that the constant

(in productivity units) level of remittances t̄C that satisfies the present value relationship



2.	
  Endogenous	
  infla5on	
  target	
  
Simple	
  case:	
  geometric	
  bonds,	
  steady	
  state	
  inflaPon	
  
	
  
	
  
	
  
High	
  inflaPon:	
  	
  
-­‐-­‐	
  increases	
  seignorage;	
  
-­‐-­‐	
  lowers	
  real	
  value	
  of	
  nominal	
  bonds	
  held.	
  
	
  
(Irony	
  of	
  government.)	
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Solvency	
  and	
  inflaPon	
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3.	
  Crucial	
  input:	
  seignorage	
  	
  
If	
  v	
  is	
  velocity	
  (PY/M),	
  in	
  steady	
  state:	
  
	
  
	
  
Del	
  Negro	
  and	
  Sims:	
  
	
  
Log-­‐log	
  funcPon:	
  
	
  
Semi-­‐log	
  funcPon:	
  
	
  
Hilscher-­‐Reis	
  Raviv:	
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S

Y
= (⇡ + g)v�1(⇡)

v�1 / � 1

 1
ln(r + ⇡)

ln v�1 /  1 ln(r + ⇡)

ln v�1 /  1(r + ⇡)

s/y = �0 + �1(L)⇡ + ✏t



Which	
  one	
  fits	
  best?	
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For	
  larger	
  values,	
  really	
  guessing	
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Conclusion	
  
Many	
  contribuPons:	
  (i)	
  discussion	
  of	
  insolvency,	
  (ii)	
  
inflaPon	
  scares	
  as	
  source	
  of	
  losses,	
  (iii)	
  extend	
  
intertemporal-­‐solvency	
  approach,	
  (iv)	
  large	
  changes	
  
in	
  dividends	
  sPll	
  always	
  solvent,	
  (v)	
  self-­‐fulfilling	
  
crises	
  if	
  endogenize	
  inflaPon	
  target.	
  

	
  
My	
  comments:	
  
1)  Meaning	
  of	
  insolvency	
  and	
  link	
  to	
  literature.	
  
2)  Steady-­‐state	
  presentaPon	
  of	
  mulPple	
  equilibrium.	
  
3)  Difficulty	
  with	
  pinning	
  down	
  seignorage.	
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