






















































































Appendix A: Extension with Gold

Consider an extension of the model to include gold, and the nominal price of
gold. Gold is modeled with the assumption that it serves a reserve function
for the fiat money stock; without such a reserve it is assumed that people
would be unwilling to hold the fiat money. Similar to the oil production,
there is a fixed input, being the gold mine F;, which yields a competitive
profit to the gold firm owner.

It is assumed that the consumer, acting as owner of the central bank, is
required to hold a fraction, denoted by o € (0,1), of the nominal money
stock in terms of nominal gold capital; in return the consumer receives the
transfer H,;. This adds a second type of exchange constraint to the consumer’s
problem. With the gold capital denoted by kg, and with the nominal price
of the gold capital denoted by Pg, this constraint is written as

OCMLL = PGtht' (34)

The consumer now divides goods output between consumption of goods,
investment in oil, investment in standard capital, and investment in gold
capital, denoted by ig;. With 05 denoting the depreciation rate, the gold

investment is given by
ict = ka1 — ke (1 — 0¢) - (35)

In terms of the allocation of resources, the consumer now additionally
spends time working for the gold firm, denoted by lg¢, so that the time
constraint is

1=x+ 1l + g + o (36)

The consumer rents capital to the gold firm, with share denoted by sg;, so
that the shares add to one:

St + Sot + St = 1. (37)

The consumer invests in the equity stock of the gold producer and receives

dividends for this each period. With the value per share denoted by Vi, the
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dividends denoted by D¢y, and the share of the stock ownership denoted by
2Gt, the time t stock investment plus dividend is given by —Viy (26141 — 26t) +
Dgizae- The consumer rents out capital and labor to the gold producer, as
in the oil problem.

The gold producer has the technology
gt = (thht)d)1 (SGtkt)¢2 F(l;t_djl_@a (38)
with the dividend D¢y given by
Dei = Py (lathy)™ (sauke) ™ FA 7% — Pavdehy — Prrseiky. (39)
Gt Gt \lgthe GtFt Gt tWelgNg tTtSGt Rt

It is assumed that the firm which produces the gold investment, faces the
same fixed factor (gold mines), competitive markets, and CRS production
technology conditions as the oil production firm. The gold firm’s problem is

to maximize the value Dg; + Vg with respect to labor and capital inputs,

lgr and sqy,
00 1—hy—
Max Z PGS (lehs)¢1 (SGSkS)¢2 fGS 192 _ Pswslehs - PssGsks ‘
{sotlot}i20 <= Hj:t (1+ Rj)
(40)
Given the CRS technology, profit maximization implies,
= ¢Ps7;Gs
Dgi + Var = 5 : (41)

The consumer budget constraint is now

Pf ([1 = sot — sat) ke, ior, [1 — 2 — log — lgi) he) + Pawihy (loe + Sot)
+Pyriky (sor + Sat) + Doszor + Darzar + Hy =
= Py + Mypy — My + By — (1 + Ry) By + Py (ki — ke (1 —6)) + Posior
+Pat (ki1 — kai (1 = 6c)) + Vor (20041 — 20t) + Var (26141 — 261) - (42)

and the consumer problem is to maximize utility in equation (1) with respect
to ¢, x4y Sot, lot, Kiv1, 10ty Mys1, Bii1, 2otr1, plus the additional variables

26141, kGii1, Sar, and gy, subject to equations (6), (34) and (42).
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Defining poy = Pgi/ P, the first-order conditions now add the equation,

PGti1 Vi1 /A1 + 1 — 66
yuer

:1+T't+1—5 (43)

which implies that, in equilibrium, the return to investment in gold capital
must equal the real return on investment in standard capital. The return to
investment in gold is the relative shadow value of the reserve constraint (34),
Patr1Vis1/ A1, plus the capital gain net of depreciation (1 — dg) parr1-

The additional asset price equation for the gold stock price is given by
(Vats1 + Daiir) [Var = 1+ Riga. (44)

Given a flexible price of gold, the price of gold will rise at the rate of
inflation, as follows in parallel fashion from Proposition 1. Assuming in

contrast that the nominal price of gold is rigid at Pc;, the implied gold price

. . P Rytq—
change from one regime to the next is given by gt“ = =£ zZ“, as follows
Gt -

in parallel fashion from Proposition 2.
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Appendix B: Figures and tables
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Figure 1: Annual Price Acceleration and Oil Price Changes (%)

Note: Annual price acceleration is defined as A, / m—1, where 1, = AP, / P,_q; t refers
to a year and P; refers to CPI less energy.

Example 1: a doubling of the rate of inflation from 2% to 4% is a 100% acceleration of
the price level: (4-2)/2=100%. Example 2: a fall of inflation from 3% to 1% is a —66.7%
acceleration of the price level: (1-3)/3=-66.7%. In the period from 1957 to 2009 there was

only one year in which the annual inflation rate was negative: 2009.
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Figure 2: Inflation, oil price, gold price
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Table 1: Data Series

P US consumer prices, all items less energy (seas. adj.), 1982-1984=100
4 xlog difference of real GDP (billions of 2005 dollars, seas.adj.)
Monthly yield on 10-year Treasury bills (%)

o West Texas Intermediate oil price, $ per barrel

P;  Price of gold, London, $ per ounce

Rel=v

Table 2: Estimated Break Dates

Break Dates Significance 90% Conf. Interval

Inflation
Apr. 1967 5% —8 /46 months
Feb. 1973 10% ~13/+3 months
Jul. 1982 5% ~8/+23 months
Apr. 1992 5% —16/4-21 months
Oil price
Jan. 1974 2.5% —4/4-0 months
May 1979 2.5% —2/+1 months
Dec. 1985 2.5% —6/-+4 months

Note: Max. five breaks allowed; the trimming parameter for the supF(1+1|1) test is 0.1.

Table 3: Nominal Interest Rates, GDP Growth Rates, Oil and Gold Prices

Regime 10-Year Growth Oil price Gold price  Model
Rate Rate  Aver. %A Aver. %A %A
(1) (2) B @& G (© (7
1.1957-74  4.98 3.85 3.15 41.00
2.1974-79  7.88 2.97 12.85 4.08 162.29 8.96 .35
3.1979-85  11.87 2.71 31.94 2.49 416.78 2.57 1.87
4.1985-99  7.16 3.28 19.10 0.60 366.99 0.88 0.42
5.1999-09  4.49 1.66 50.31 2.63 503.29 1.87 0.73
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Table 4: Granger Causality Tests

Null hypothesis Period Breaks Lags k& Obs. F-stat Prob.
Alog(P) - Alog(Pp) 57:1-72:12 No 12 179 1.4847 0.1352
No 24 167  1.2003 0.2561

73:1-09:8 No 12 440  2.3916 0.0054

No 24 440  1.8782 0.0080

Yes 12 440  2.2793 0.0083

Yes 24 440 1.8122 0.0117

57:1-09:8 No 12 619 2.2752 0.0079

No 24 607 1.8816 0.0071

Yes 12 619 2.0855 0.0162

Yes 24 607 1.7906 0.0122

Alog(Pp) - Alog(P) 57:1-72:12 No 12 179 0.6469 0.7993
No 24 167  0.5989 0.9267

Yes 12 179 0.6744 0.7740
Yes 24 167 0.7357 0.8056
73:1-09:8 No 12 440  1.4062 0.1597
No 24 440  1.4369 0.0853
Yes 12 440  1.7336 0.0575
Yes 24 440 1.4614 0.0759
57:1-09:8 No 12 619 1.4759 0.1284
No 24 607 1.3516 0.1234
Yes 12 619 1.7583 0.0518
Yes 24 607 1.3596 0.1190

Note: The tests "with breaks" include indicator variables for the breaks reported in Table
2 in the periods in which they apply. These are the three breaks found for the oil price
in 1974, 1979 and 1985; and the four breaks found for inflation in 1967, 1973, 1982, and
1992.
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