A Appendix

A.1 Additional Empirical Results

A.1.1 Estimates of Covariances

Parameter Estimates

Parameter Estimate Std Error
oze x 1077 0.0004 75.0
Oem X 1072 —9.36 3.68
Opr X 1072 0.01 15.9
TamX 1074 —2.43 0.40
Oemx 1072 —5.08 3.09
Oenx 1072 —2.92 —25.3
O X 1072 1.09 6.02

A.1.2 Results for Model Freely Estimating ox,, and o,
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Figure 1: Time series of real rate. The figure on the left plots the time series of x;, the real interest rate.
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Figure 2: Time series of permanent and transitory components of expected inflation. The figure on the left plots the time series of \;,
the permanent component of expected inflation. The figure on the right plots the time series of &,, the temporary component of expected inflation.
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Figure 3: Time series of v,.
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Figure 4: Responses of yield curves to z;. The left hand figure shows the response of the real yield curve, and the right hand figure shows

the response of the nominal yield curve, as x; is varied between its sample minimum and maximum while all other state variables are held fixed at
their sample means.
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Figure 5: Responses of yield curves to A; and &,.The left hand figure shows the response of the nominal yield curve to the permanent
component of expected inflation A;, and the right hand figure shows the response to the transitory component of expected inflation &,, as these state
variables are varied between their sample minima and maxima while all other state variables are held fixed at their sample means.
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Figure 6: Responses of yield curves to 1, . The left hand figure shows the response of the real yield curve, and the right hand figure shows
the response of the nominal yield curve, to 1, as it is varied between its sample minima and maxima while all other state variables are held fixed at
their sample means.
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Figure 7: Responses of nominal expected excess returns to i,. The left hand figure shows the expected excess returns on 3-year and
10-year nominal bonds over 3-month Treasury bills, as functions of ¢,. The right hand figure shows the term structure of expected excess nominal
bond returns as v, is varied between its sample minimum and maximum while all other state variables are held fixed at their sample means.



Time series of 10yr nominal expected excess return
1 T T T

0.6 4

0.4 b

Annualized %

Al
N V

0.4 -

0.6 T

-0.8
1950 1960 1970 1980 1990 2000 2010
Year

Figure 8: Time series of expected excess returns for 10-year nominal bonds.

Coefficient

1.5 1 1 1 1 1 1 1

1 1.5 2 2.5 3 3.5 4 4.5 5
Forward Rate

Figure 9: Data- and model- implied Cochrane-Piazzesi relationships.



Table 1: Parameter estimates.

Parameter Estimates

Parameter Estimate Std Err
e x 103 8.724 0.415
oy x 10° 3.074 0.733

b 0.940 0.006
¢ 0.885 0.008
o 0.793 0.032

om x 102 4.869 3.883
ox x 10° 1.124 0.104
0. x 10 4.659 0.587
oy x 104 4.783 0.675
oa x 104 4.279 1.542
oe x 10! 3.374 0.740
oy x 10° 2.299 0.207

Bex 4.303 9.745

Bez x 102 -0.002 4.229

Bem x 102 8.855 6.963
Pt 0.000 0.113
Prm -0.331 0.260

pxm X 102 -0.022 0.028
P 0.001 0.458
Dam -0.717 0.345
PAm 0.263 0.227
Pem -0.259 0.222
Pen 0.007 0.871
P 0.037 0.144




Table 2: Sample and Implied Moments. Yield spreads (YS) are calculated over the 3mo yield. Realized
excess returns (RXR) are calculated over a 3mo holding period, in excess of the lyr yield. Units are annualized
percentage points. Simulation columns report means across 1000 replications, each of which simulates a time-
series of 250 quarters. The 0(51\3) row reports the standard deviation of the fitted values from a Cochrane-
Piazzesi style regression of RXR on the 1-, 3-, and 5-yr forward rates at the beginning of the holding period.
The 0(6@) row reports the standard deviation of the fitted values from a Campbell-Shiller style regression of
RXR on the same-maturity YS at the beginning of the holding period. In the rightmost column we report the
fraction of simulation runs where the simulated value exceeds the data value. ' Data moments for the 10yr
return require 117mo yields. We interpolate the 117mo yield linearly between the 5yr and the 10yr ¥ TIPS
entries refer to the 10yr spliced TIPS yield. We have this data 1/1999-9/2009.

Sample and Implied Moments

Moment Actual Data Model Above

3yr YS mean 0.62 0.46 0.29

10yr YS mean 1.15 0.69 0.24

3yr YS stdev 0.45 0.46 0.52

10yr YS stdev 0.70 0.97 0.94

3yr RXR mean 1.17 0.91 0.32

10yr RXR mean 2.21 1.30 0.21

3yr RXR stdev 4.37 4.74 0.77

10yr RXR stdev 11.16 8.86 0.01

10yr TIPS yield mean 2.58% 3.42 0.98
10yr TIPS YS mean -0.05
10yr TIPS RXR mean 0.16
10yr TIPS RXR stdev 7.63

Predictive Regressions

Moment Actual Data Model Above
3yr EXR stdev 0.07
10yr EXR stdev 0.11
10yr TIPS EXR stdev 0.08
3yr RXR o(CS) 1.04 0.30  0.00
10yr RXR o(CS) 2.511 052  0.00
10yr TIPS RXR o(CS) 0.47
3yr RXR o(CP) 0.79 0.60  0.23

10yr RXR o(CP) 2.06 112 0.04




Table 3: Sample and Implied Moments. Yield spreads (YS) are calculated over the lyr yield. Realized
excess returns (RXR) are calculated over a lyr holding period, in excess of the lyr yield. Units are annualized
percentage points. Simulation columns report means across 1000 replications, each of which simulates a time-
series of 250 quarters. The 0(51\3) row reports the standard deviation of the fitted values from a Cochrane-
Piazzesi style regression of RXR on the 1-, 3-, and 5-yr forward rates at the beginning of the holding period.
The 0(6@) row reports the standard deviation of the fitted values from a Campbell-Shiller style regression of
RXR on the same-maturity YS at the beginning of the holding period. In the rightmost column we report the
fraction of simulation runs where the simulated value exceeds the data value. ' Data moments for the 10yr
return require 9yr yields. We interpolate the 9yr yield linearly between the 5yr and the 10yr. ¥ TIPS entries
refer to the 10yr spliced TIPS yield. We have this data 1/1999-9/2009.

Sample and Implied Moments

Moment Actual Data Model Above

3yr YS mean 0.37 0.27 0.31

10yr YS mean 0.90 0.47 0.24

3yr YS stdev 0.51 0.63 0.85

10yr YS stdev 1.11 1.67 0.97

3yr RXR mean 0.75 0.56 0.33

10yr RXR mean 1.84F 0.96 0.21

3yr RXR stdev 3.17 3.40 0.67

10yr RXR stdev 10.32f 8.03  0.02

10yr TIPS yield mean 2.58% 345  0.98
10yr TIPS YS mean -0.11
10yr TIPS RXR mean 0.00
10yr TIPS RXR stdev 6.81

Predictive Regressions

Moment Actual Data Model Above
3yr EXR stdev 0.06
10yr EXR stdev 0.16
10yr TIPS EXR stdev 0.14
3yr RXR o(CS) 0.91 0.36  0.03
10yr RXR o(CS) 3.541 081  0.00
10yr TIPS RXR o(CS) 0.74
3yr RXR o(CP) 1.16 0.77  0.12

10yr RXR o(CP) 4511 1.87  0.00




Table 4: Forecasting excess returns. The table below reports the R? for regressions in our data of actual
data RXR on linear combinations of the actual data 1-, 3-, and 5-yr forward rates at the beginning of the
holding period. The unconstrained column estimates the best combination in the data, and thus corresponds to
the first stage of the Cochrane-Piazzesi procedure. In the other columns, the combination is restricted to be the
one estimated in long-sample simulation regressions of simulated RXR on simulated forward rates. In the first
panel, we allow this simulation-generated combination to be scaled up. In the second panel, we do not allow
scaling. Realized excess returns (RXR) are calculated over 3mo and lyr holding periods. T Data moments for
the 10yr return require 9yr yields. These yields are in our dataset 8/1971-9/2009. For the earlier part of the
sample we interpolate the 9yr yield linearly between the 5yr and the 10yr.

Forecasting Fxcess Returns

Holding Period = Moment  Unconstrained Model

3-month 3yr RXR 0.032 0.023
3-month 10yr RXR 0.031 0.016
1-yr 3yr RXR 0.132 0.093
L-yr 10yr RXR 0.181f 0.083

Forecasting Excess Returns: No scaling

Holding Period = Moment  Unconstrained Model

3-month 3yr RXR 0.032 0.001
3-month 10yr RXR 0.022 0.000
1-yr 3yr RXR 0.127 0.008

L-yr 10yr RXR 0.0971 0.002




A.2 Derivations for the Full Model
A.2.1 State Variable Processes

The state variables in the model follow the processes:

155
—Mi41 = Ty + 5% %m + Zt€m,t+1
Tip1 = (1= 0¢,) + b + V€011 + Ex,041
Zt41 = My (1 - ¢z) + (bzzt + Ez,t+1
. 155

Tir1 = M+E+ 2¢t07r + YiEr11

A1 = M FYEnr1 FEA L

§t+1 = ¢§€t + "/}t‘gé,ﬁrl

Vi1 =y (1 - f%) + Py + €yt

A.2.2 Pricing Equations

Real Term Structure The price of a single-period zero-coupon real bond satisfies

1 1
Py = Eylexp{myq1}] = —2; — 521520% + 5230% =1

We conjecture that the price function is exponential affine in x; and z; with the form
Pn,t = exp {An + Bz,nxt + Bz,nzt + Bw,n’[/)t + Cz,nZtQ + Cd),nwtz + sz/;,n%%} .
The standard pricing equation implies

2 2
Anfl + Br,nflxtJrl + Bz,nflzt+1 + Bw,nflwthl + Oz,nflthrl + Czp,n—ﬂ/%ﬂ
1.2 2
+Copn—12t11%4 41 — Tt — 52; Oy — 2tEm,t+1

P, . E; lexp {pn—1t+1 +mit1}] = Bt [GXP{

—

= exp A’ﬂfl + Bl’,nfl ((1 - d)a:) Mg + (wat) + B27n*12((1 - (bz) K + ¢zzt) —+ B’lﬁ’n*l ((1 - (bw) M¢ + (bwd]t) + CZ,nfl 1%
+Cypn-1 (ﬂw (1 - 4%) + ¢1/)¢t) + Copn—1 (p, (1 = ,) + ¢,2t) (Nw (1 - ¢¢) + é%d’t) — T — %Z

XEt [exp {dllthrl + wQHDthH }}



, -
where Wi = (EX,t+1;5m,t+175z,t+1;£z,t+175w,t+1) N(O,Ew)a

Bw,n—l

—2

d;

Bin—1+2C; 01 (p, (1

- (rbz) + ¢zzt) + Czwm—l ('u’7/1 (1

Bz,nflwt
— 6y) + dyty)

Byn-1+ 2Cw,n—l (Nw (1 - ‘%) + é%ﬁ’t) + Czw,n—l (Hz (1 - ¢z) + ¢z2t)
0 0
D, =
Cz,n—l %Czw,n—l
0 %Czw,n—l O1/),n—1

Following Campbell, Chan, and Viceira (2003), we complete the square to calculate
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where G = (E;l — 2D2)71. Let g;; be the ij-th element of G. Then expanding and collecting terms gives
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Nominal Term Structure The price of a single-period zero-coupon nominal bond satisfies

P}, = Eyfexp{my1 — w1 }] = exp {—2¢ — M — & + 20,0 mr }

since z¢em ¢4+1 and P,ex 141 are jointly conditional normal.
We now guess that the price function is exponential linear-quadratic in the state variables with the following form:

PS, = oxp { A5 + BS a0+ BS 20+ BS o+ BE &+ B30, + €5 128 4+ 5wt + €3, v, |




The standard pricing equation then implies
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Following Campbell, Chan, and Viceira (2003), we complete the square to calculate
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where G% = (Ei‘l — 2D§)71. Let g;$j be the ij-th element of G. Then expanding and collecting terms gives ¢®
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Thus, the coefficients of the pricing equation satisfy
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A.2.3 Expected Excess Returns

Real Bond Premia The log expected gross excess return on an n-period zero-coupon real bond is
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Nominal Bond Premia The log conditional expected real return on a 1-period zero-coupon nominal bond is
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A.2.4 Observation Equations

Stock Returns We model the unexpected stock return as

Tet+1 — Eire 141 = Bez5z,t+1 + 5eX5X,t+1 + Bem€m,t+1

We impose that the only non-zero covariance of ex ;1 is 0 x,m. The standard pricing equation then implies that the expected equity return satisfies
1 = Eylexp(res+1 +mut1)]
1

12 2 12 2 12 2 1.2 2
5Per05 + 5 ox + 5 o, + 520
exp <Etre,t+1 — oz — 2zt20’l27l) exp ( 2561 T QﬂeX X 26em m 2°t%m

+Bex6emamm - /Bewztawm + BEXBEmUX,m - B@XZtUXm - Bemztagn >

so that

_ 1 2 2 1 2 2 1 2 2 2
Te,t+1 = _iﬂexax - iﬁeXa'X - iﬁemo'yn - ﬂemﬂemaw’”b - ﬁeXﬁemUX,m + Tt + (ﬁexaa:m + ﬁeXUXm + Bemam) 2t + ﬂexgx,t-l-l + ﬂeXeX,t-&-l + 6emg'm,t+1
and

L, [Te,t+1 - Tl,t-&-l] - ivart [Te,t+1 - 7"1,t+1] = (ﬂe;co'xm + Bexoxm + 5em0'72n) 2t

Stock-Real Bond Return Covariance As we saw above, the holding period return on an n-period real bond is

Tnt+l = DPn—1,t+1 — Pn,t
2
An—l - Aﬂ + Bl‘,n—lﬂr (1 - d)m) + szn_luz (1 - d)z) + Bw,"—llu’w (1 - QSQ/;) + CZ,"—L“? (1 - ¢z)2 + 07//'777«—1[1’% (1 - ¢1/;)
+CZ1ZJ,7L*1MZ (1 - ¢z) /1’1/; (1 - ¢w) + (Bm,nflqsx - Bl’,’ﬂ - 1) Ty + (Cz,n71¢g - CZ’TL) Zt2 + (Cﬂ),nfl(ﬁ?p - Cw,n) ¢?
+ (Czw,n—l%% - Czwyn) 24, + (BZ,n—l¢z —B.n+ QCZ,n—lﬂz (1-9.)0,+ Czw,n—lﬂw (1 - ¢¢) ¢z) 2t
+ (B¢7n—1¢1/) - Bw,n + chp,n—l,qu (1 - ¢w) ¢¢ + Ozz/),n—l,ufz (1 - ¢z) ¢¢) wt
Ben-1¥i€at1 + Ben—1ex11 + Cono1€? 0 + C¢,n—1fi’t+1 + Copn—1€244+1E0 141

+ + (Bzm—l + 2C’Z,n—l (,L‘z (1 - ¢z) + ¢zzt) + Czwm—l (qu (1 - ¢w) + ¢¢1/)t)) Ez,t+1

+ (Bw,n—l + 2Cw,7l—1 (,U,w (1 - ¢¢) + deﬂ/}t) + Czw,n—l (‘u,z (1 - d)z) + ¢zzt)) E,t+1

We assume that the unexpected stock return is assumed to be
Tept1 = EtTeit1 = Begfatt1 + BexExt41 T BemEm,t+1

Since the ¢’s are conditionally jointly normal and mean zero we have Couvy (sa7t+1,53 t+1> = 0 and Covy (€q,¢41,€b,t+16ct+1) = 0 for all a,b, c.

Furthermore, we impose that the only non-zero covariance of ex ;41 is 0 x,m.Thus, the expression for the conditional covariance of stock returns with



returns on a long-term real bond is

6 ( (Bz,nfl + QCz,nfl,U*z (1 - (bz) + Czw,nfllu’w (1 - (bw)) Oz.z >
er + (de,nfl + 201[;’77,—1#1[; (]- - ¢1p) + szp,nfllj‘z (]' - ¢z)) Oz,p

+ﬂeXBz,n—1o—§(
+ﬂ < Bz,nflo—Xm + (Bz,nfl + 202,77,71#2 (1 - ¢z) + Czd),nflﬂqp (1 - ¢¢)) Uz,m )
em + (me,l + 20@[;77171/1@[; (1 - (bw) + Czw,nfluz (1 - ¢z)) Oy,m
[ﬁex (2Cz,n—10-a;z¢z + Czw,n—lo'ww¢z) + ﬂem (2027n—10-zm¢z + Cz¢7n—10-1/)m¢z)] Zt
[ﬁez (Bm,nflai + Czw,nflo'zzd)qp + QCw,nflo'rqud;) + 5em (Bz,nflo'zm + Czw,nflo—zm(bw + 2C¢,n710wm¢1p)] djt

Covy (Te,t+1, Tn,t+1)

+
+

Stock-Nominal Bond Return Covariance As we saw above, the holding period return on an n-period nominal bond is

$ _ 3 3
Tnit+1 — Pn—1,4+1 " Pnp

[ A5 — A5+ BS i, (1= ¢,) + BS (1= .) + BS iy (1= 0y) +C5_p2 (10, + 0262 (1-0,)" ]

+C§¢,n_1ﬂz (1-9.) ) (1 - @p) + (Bi,nflqsz - Bfn - 1) Ty + (Bg,n_ﬂlsg - Bgn - 1) &
- (8102 = C8,) 2+ (€510 = €5, ) 7+ (0mn + €3 1020, — C3) 200,

- (BS . = B, 4208,y (1= 606, + C3y iy (1= 6,) 6.) %
+ (Bi,nfl% — By, +207 iy (L= 0y) by +C2y iz (1= 6,) %) b,
B} o1WiEair1 + By _iexain + BY , Weaen + BY jensi + BY 1 WiEe i
—|-Cf7n_18§,t+1 + Ci,anfb,tﬂ + wa’nilé:z’t-i-l&\w,t-'rl

(BB 208y (1 (L= 8) 4 6220) + O3y (1 (L= 0) + 648,) ) 2

+ (B'i,n—l + QCi,n—l (Md) (1 - ¢¢) + ¢¢wt) + wa,n—l (:u“z (1 - ¢z) + ¢zzt)) Ept+1

We assume that the unexpected stock return is assumed to be

Tet+1 — EiTe i1 = Beg€a i1 + Bex€x,t41 + BemEm,t+1

Thus, the conditional covariance with the real return on short term nominal bond is

CO’Ut (Te7t+17 TitJrl - 7Tt+1) = Cov (BezELH‘l + ﬂeXeX,t-‘rl + Bemgm,t-‘rla _wtaﬂ',t'H«) = _,(/Jt (Bewo-wﬂ' + 6emo-m7r)

since we impose the condition that the only non-zero covariance of €x 441 iS 0 x m-



Again, the ¢’s are conditionally jointly normal and mean zero we have Couv; (5a7t+1,5§ t+1> = 0 and Covt (€q,¢41,€bt+16c,t41) = 0 for all a, b, c.

Additionally, note that we impose o, o = 0 and that the only non-zero covariance of € ;41 is oA . Thus, the conditional covariance of stock returns
with the returns on a long term nominal bond is

(Bf,n—l + QOf,n—lluz (1 - ¢z) + qu/;gz—l.“d; (1 - ¢w)) Ox.z
(B o + 28 iy (1= 04) + €8yt (1= 6.))
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Volatility of Real Bond Returns We have
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+2 (Bz,nfl + 2Cz,n*1/$z (]- - (bz) + Czw nfl,qu (]- - (bq/;)) (Bw n—1t 201[},77,71#11, (]- - ¢w) + Czd),nflﬂz (]' - ¢z)) Oz

I 4 (Bszl + 2Cz7n71/f’/z (1 - ¢ ) + Czw n— 1/%/; (1 - ¢1/;) zZ,n— 1¢zaz
L +2 (Bw,nq +2Cy n—11by (1 - ¢¢) + Copn—1pt, (1 —9,)) C zzp n—19, Ud) 2
+2 [ 2Cz,n—1 (B't/),n—l + QCw,n—l,uw ( ¢z/)) + 021/1 n—1H, (1 )) :| ¢ o
+Copn-1 (Ben-1+2Cenapt, (1= 6,) + Copnapiy (1= 0y)) | 7277
[ 2(Bon-1+2C.n1p, (1= ¢,) + Copn 1#¢(1*¢¢)) bn—10402
+4 (Byn-1 +2Cypn-1pyy (1 = ¢y) + Coppn1pt. (1= 0.)) Cpn16y07
+ +2 (Bz,n 1+ 2Cz,n 1M, (]- ¢ ) + Czw n—1Hqy (]- - ¢1p)) z,n—10zz w
+2 (Byn—1 +2Cyn-1py (1 = by) + Coppin—1b, (1 = 0.)) Bon-100y !
) [ 2Cyn—1 (Bz,nfl +2Cn—1p, (1= ¢.) + Coypn 1}%( (%;)) } by0
L +Cpn-1 (Byn—1+ 2Cy n— 1Hby, (1*%,) + Copn-1p, (1—9,)) woY

+ [40571 1¢20—2 +021/)n 1¢ Jqp +4Cz n— lczz/)n 1¢ 0z w] Zt
+ [Bﬂzc,nflo-w + Czw,nfl(bwaz + 4Cw,n71¢¢gw + QCzw,nfl¢1pBw,n710'wz + 4C¢,n71¢w3w7n710’mp + 4C¢7n,102¢’n,1¢idz’w] 'L/)f
4027"*1021/}777«*1(7252'(;57,[;03 =+ 4C¢,n*1¢q/)czw,nfl¢z¢qpo—12p + 4Cz,n71¢zBm,n710a:z

+ z
+20z¢,n—1¢zBm,n—lamw +2 (4Cz,n—1cw,n—l + C;p’nfl) Uza,b%;@ ‘| twt




Volatility of Nominal Bond Returns We have
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so that
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A.3 Derivations for Constant-z Model
A.3.1 State Variables Processes

The state variables in the constant-z version of the model follow the processes:

—Mey1 = T+ %afn + Em,t+1
Tepr = pip, (1= 0,) + e + 8041 +Ex 141
Ty = M+ %1/)?03 + YiEr i
Air1 = M+ YEn g1 +EA+1
§t41 = ¢g§t + e 11
Vi1 =y (1 - ¢¢) + Gy + €yt

A.3.2 Pricing Equations

Real Term Structure The price of a single-period zero-coupon real bond satisfies

1
Pl,t = Et [exp {mt+1}] = —Xt — *0’ +

12
9%m T 5%m = Tt

1. We conjecture that the price function is exponential affine in z; and z; with the form

Pn,t = exp {An + Bz,nmt + Bw,nwt + Cw,nw?} .

The standard pricing equation implies

Pn,t

Ei lexp{pn—1,t4+1 + mi41}] = E; [GXP {Anl + Byn-1Ti41 + By n_19¥q + Cw,n&?ﬁ?ﬂ' — Tt — 2 —E€m t+1}:|

E;

exp An—1+ Ben-1 (1 = @,) iy + ¢,%0 + iz 141 + Ex,041) er Byn-1 ((1—¢y) py + %1/% +epit1)
+Cy,n—1 ((1 - %;) Hy + @N/’t + Ew,tﬂ) T Tt %Ugn Em,t+1

An1 4 Bano1 (1= 6,) pty + 6,30) + Byt (1= ) jry + 0400,) + Coni (g (1= 6y) + dythy)” — w1 — %UE"

XEt [exp {dllwt+1 + w;_;'_lDthJ,_l}}



, -
where Wit = (EX,t+175m,t+17£r,t+175'¢;,t+1) N (07 Ew)a

Following Campbell,

Bm,n—l
-1
dl - Bz,nflqbt
Byn-1+2Cy -1 (1y (1= dy) + Oyt)
0 0
Dy =
0 Cyn-1

Chan, and Viceira (2003), we complete the square to calculate

|Ew|_1/2 1 -1 -1
172 XP §d1 (Ew — 2D2) d)

By [exp {d’lwt+1 + Wi Dowy g }] m

1 1 1
exp {—2 log | X + ilog |G| + 2led’I}

where G = (2;1 - 2D2)71. Let g;; be the ij-th element of G. Then expanding and collecting terms gives

Pnt =

[ Ap 1+ Ben1 (1 —¢,) py + ¢p2¢) + Bw n—1 (( ¢¢) Hy T ¢¢¢t) + Cw n—1 (l% (1 - ¢¢) + Qf)qut)

—Tt — %U?n - 710g ‘Ew‘ + 35 log |G| + lelBi n—1 71 2922 + 2933B1 n— 1¢t

+2944 (Byn1+2Cun 1 1y (1= 0y) + 040,))°
—912Ben—1 4+ 913B2 ,_104914Ban—1 (By -1+ 2Cy n1 (g (1 — ¢y) + dy0,))
—923Ban-10; — g2 (Byn—1+2Cyn—1 (g (1 — ¢y) + 0p1;))
+g34Bx,n—11/)t (Bw n—1 1 201/1 n—1 (sz (1 - ¢¢v) + ¢¢¢t))
Ap_ 14+ Byno1 (1*¢ )Meran 10,2t + By n—1 (1*¢¢)M¢+Bwn 10y,
+Cy e 1M¢ (1- ¢¢) -I- 20y n— 1/@, (1- ¢¢) %ﬂ/& + Cyone 1¢¢¢t
—T — % 2 - 710g|2 | +3 10g‘G| + lelBa:n 1 =+ 2922 + 2933B.L n— 17/%
+3944 (Byn—1+2Cy n_14y (1 - ¢¢)) + 2944C¢ e 1@%% + 2944 (Byn—1 + 2Cyn—1tty (1 — 0y)) Cpn16y¢;
—g12Ben—1+ 913B3 . 1%y + 914Ban—1 (Bw ne1+2Cy -1ty (1 — ¢y)) +2914Ben-1Cp n-1040;
—923Bs n—1¥; — go4 (Bw n—1+2924Cy n—1pty, (1 — &y)) — 2924Cy n-1041,
+934Bamn-10; (Bypn—1 + 2Ben-1Cyn—1py (1 — ¢4)) +2934Ben-1Cyp - 1%}%

Expanding and collecting terms yields
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An—l+Brn 1(]—7¢ )“x+Bwn 1 (]-*d)q/;)/u/w‘{’cwn 1p,¢( *¢¢)2
—302, 210g|22 wl +3108|G| + 391182, 1 + 392
+3944 (Bypn—1 +2Cy -1ty (1 = ¢y))” — 912Ben—1 + 914Brn1 (Bw,n_1 +2Cy n—1py (1 — ¢y))
i —g24 (Bypn—1+ 2924Cy n—11by, (1- ¢¢))
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[ Byn—10y +2Cyn—1p1y (1= ¢y) by + 2911 (Bypn—1 4+ 2Cy n—1pty (1 — ¢)) Cpn—10y
+g13B2 1 + 2914 Ben-1Cy n—10y — 923Ban—1 — 2924Cyp n_19,,
+934Ben—1 (Bypn-1 +2Cyn—1pty (1 — 0y))

C’L[)/n—l ¢12p +

1
59333325,”,1 +2014C3 167, + 294B$7n—10w,n—1¢1/;:|

Nominal Term Structure The price of a single-period zero-coupon nominal bond satisfies

Pf, = Eilexp{mus1—mi1}]

1 1
= FE [exp{ Ty — 503” Emt+l — At — & — o

2 2
F0n — Vi1 H

1
Aot 1/)0 +¢t0mw}

1
= exp{_xt 2 Om gt 2 Om

= €xp {_-Tt - - gt + %Umw}

where the last equality follows from the joint conditional normality of z ey, 141 and ¥,ex 141.
We now guess that the price function is exponential linear-quadratic in the state variables with the following form:

Py, = exp {5 + BS o0 + BS A+ BE & + BS 0, + €507

The standard pricing equation then implies
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Following Campbell, Chan, and Viceira (2003), we complete the square to calculate
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1 1 1
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where G% = (Efﬁl — 2D§)_1. Let gfj be the ij-th element of G. Then expanding and collecting terms gives ¢*
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Thus, the coefficients of the pricing equation satisfy
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where Bf@ =—1, Bil = -1, Bgl = -1, Bi,l = omx and all other coefficients are zero at n = 1.



