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Background Information.

Firm profitability evolves stochastically for all ¢t € [0, T:

The prior distributions of both g°4 and g™V at time 0 are normal:
g~ N(0,07) . (B2)
Learning.

Proposition 1. Observing the continuum of signals dI1¢ in equation (B1) across all firms
i € [0,1] is equivalent to observing a single aggregate signal about g;:

dSt = (,U + gt) dt + O'dZt. (B?))
Under the prior in equation (B2), the posterior for g; at any time t € [0,T] is given by

For all t < 7, the mean and the variance of this posterior distribution evolve as

d/g\t = 3,520_1dz (B5)
1

6 = —— B6

Ut U%+U%t> ( )

where the “expectation error” ng is given by ng = (dsy — E; (dst)) o for allt € [0,T].
If there is no policy change at time T, then the processes (B5) and (B6) hold also fort > .
If there is a policy change at T, then g; jumps from g, to zero right after the policy change,
and fort > 1, g; follows the process in equation (B5). In addition, for t > 1, oy follows

o, = . (B7)

Proof of Proposition 1: Let A denote a small time interval. Each signal s = dII% can be
written as the sum of a common component and idiosyncratic noise. The common component
is ¢t = (1 + gt) A + oey, where €, ~ N (0, A). Therefore, each signal at time ¢ is given by

Sy = ¢t + 0184

where the £¥’s are cross-sectionally independent and distributed as €% ~ N (0, A). Consider
the information from the cross-section of signals for a given time t. Conditional on ¢;, all
firm-level signals s! are independent, as a result of which they reveal ¢, perfectly. However,
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these signals cannot reveal more than ¢; for any ¢, because ¢; is the same across signals. It
follows that the agents’ information set includes the common component ¢; and nothing else.
As A — 0, we have ¢; — ds;. This common signal is equal to average profitability across
firms: ds; = fol dITtdi. Substituting for dIT: from (B1) yields

1
dSt = (,U ‘l‘gt)dt + O'dZt + 0'1/ dZtZ .
0
The Law of Large Numbers implies that the last integral is identically zero, as fol WVARES

E'[dZ}] = 0, where E'[ | denotes an expectation taken across i.

Having established the equivalence in (B3), the remainder of the proposition follows from
standard results about the Kalman Bucy filter (see e.g. Liptser and Shiryaev (1977)).

QED (Proposition 1)
Optimal Changes in Government Policy.

Statement from the text: The aggregate capital at time T, By = fol Bi.di, is given by

o2
By = B, elimto=5)T=nrozr-20) (BS)

old

new

where g = ¢”*% if there is no policy change and g = ¢ if there is one.

Proof: From the capital evolution equation dB; = B{dIIli, where dII! is given in (B1), we
immediately obtain the following expression for firm i’s capital at time 7"

2 52 ) )
(wto-5 -3 ) @-Dro@r-2. 401 (24-22)

By = Bie : (B9)
where g = g01d if there is no policy change and g = ¢"°V if there is one. Aggregating across
firms, we obtain

Lo —ﬁ—ﬁ T—7)+o(Zp—Z~ 1 . i i
BT _ / B%dz _ 6(“‘1’9 2 2 )( )+ ( T ) / B:_@Ul(ZT_ZT)d'Z. . (Blo)
0 0

The Law of Large Numbers implies that

1 ) ) ) ) ) )
/ Bien(%=2) g; — i [Biegl(z%—zi)} — E'[B] E [egl(z%—zi)} : (B11)
0

where the last step follows from the fact that the random variables B: and (Zi — Z!) are
independent of each other. The first expectation on the right-hand side of (B11) is

1
B [Bi] = / Bidi =B, .
0
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The second expectation is E' [601(2;—23)} = 291 (T—7), Substituting both expectations into
(B10), we obtain the claim in (BS).

QED (Statement from the text)

Proposition 2. The government changes its policy at time 7 if and only if

g- < glo), (B12)
where ( ) Az)( (T )
o= (v = -7) c
ge) = 2 T-n6-1 (BL3)

Proof of Proposition 2: Using the market clearing condition Wr = By, we can use (B8)
to compute the expected utility at time 7" conditional on a policy change (“yes”) or no policy
change (“no”). The expectation is conditional on the government’s information set, which
includes the realization of the political cost c¢. Recall that if the government changes its
policy, then g ~ N(0,07); if it does not, then g ~ N(g,,07).

1—vy 1-

g [01WT |yes} _ fi | et =)= (T -r) 3o (-T2 e () (B
1—y 1-

g {‘1% |n0} _ fi L ) 45— ) (=) 322 (2T 2 502 (=) ()
—7 —7

The claim of the proposition follows immediately from the optimality condition

oW, Wy
E { T |yes] > F { T |n0] .
1—7 1

QED (Proposition 2)
Stock Prices.

Proposition 3. Fach firm’s stock return at the announcement of a policy change is given by

(1-p @) F @) (1 -G@G) (B16)

R (9, — = — =,
@) = G0 pG ) F GGG
where
F(3) = oI (T=7)=37*(T~7)* (03 -5%) (B17)
G(G) = FrT—n=50-2)T-(c}-5) (B18)

p(/g\ﬂ') = N<§T(1_7)(T_T)_17



and N(z;a,b) denotes the c.d.f. of a normal distribution with mean a and variance b.
The proof of Proposition 3 comes after the proof of the following statement in the text.

Statement from the text: Right after time 7, at time 7+, the market value of each firm
1 takes one of two values:

MM = B, (170 ) T+ (T =r) e if policy changes

Mi+ - , ~ - . (B20)
M =B, D (Gl e e e R T policy does not change
Right before time 7, the market value of firm i is
M= wM>Y® 4+ (1 — w) M2, (B21)
where the weight w, which is always between 0 and 1, is given by
b (B22)

w = —~ 9
pr+ (1 —p;) F(g-)
using the abbreviated notation p, = p(g;).

Proof: The stochastic discount factor is 7, = A1 E, [BF’}. Its value right after the policy
decision, at time 7+, is given by

e = MN'BE [e—W*g—%UZXT—”—W(ZT—Z”} (B23)

T = \"1BY e(‘“’*‘*%“f(“f“)gz)(T‘TH%(T_T)Z”S if policy changes (B24)

e = 1B e(_“’(“J@)J’%“’(“’J’””Z)(T_T)J’j;(T_T)ZZ’\g if policy does not change

where we have used (B8). Right before the policy decision, we have

yes

T = B (14| = prmly + (1= pr)myd, (B25)

where p, = p(g,) = Prob @T < g(c)) is the probability of a policy change from the perspec-
tive of investors (who know g, but not ¢). It is easy to see from (B13) that this probability
is given by expression (B19).

The market value of stock i is given by Mj = ;' E; [rpBY] = 7, 'A™ Ey [B;" Bi]. Right
after a policy decision, at time 7+, using both (B8) and (B9), we obtain

B 2 o2 ) )
. . - -2 NT—-1)+o(Zr—Z+)+o1( Z—Z%
E.y [By'By] = BB E-y e‘“/(u+9—%02)(T—7)—W(ZT—ZT)6(“+9 22 )( rro(Zr=to)tou(Zh )]

— BIB.E,, '€<1—w><u+g—%a%(T—r)+<1—w)a<zT—zT>e—%cr%@—r)m(Z%—Z:‘)}

— BBl E,, _6(1_“/)()“4’9_%02)(T_7)+(1_“/)U(ZT—ZT):| E.. [6‘%0?(T—7)+01(Z%—Zi)}

— BIIB.E,, _6(1—v)(u+9—%02)(T—7)+(1—W)U(ZT—ZT)}

B B!, e((l_”’)“%“’(“’_l)”z)(T_T)J’(17;)2 (T—r)*} if policy changes
_~)2 N
BB, (=Dt + 31000 )T =)+ U= (T=7)757 i policy does not change
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These expressions can be substituted into M,¥* = A\"'E,, [B;."Bl|yes] /7¥7 and Myy° =
A E., [ By Bi|no] /779 to yield equation (B20).
Finally, the stock price right before the policy decision announcement is equal to
E. By [N'B:"Br]]  prEry [A—lB;VBﬂyes} (1= pr)Ery [A'B;" Bi|no)
™ Pl + (L= pmes
P M 4 (1= p,)mne ML
Pl (1= p)ms

which is equivalent to (B21) when we define

M;

yes

pe _ p-
pT yes _I_ (1 pT),]T;r'L—Ol— pq— ‘I’ (1 - pq—) 71—yes

w =

ano

It follows immediately from (B24) that F'(g) = 5.

Tr+

QED (Statement from the text)

Proof of Proposition 3: From the definition of the announcement return, we have

RG) - MM (@M M) (1) MM
T M M (- @) M wk (1 ) (M M)

It is easy to see from (B20) that G(g,) = M2° /MY, Substituting this expression and w
from (B22) proves the claim.

QED (Proposition 3)
Corollary 1. As risk aversion v — oo, the announcement return R (g,) — —1 for any g.

Proof of Corollary 1: For any given g,, expression (B19) implies that p, — 0 as v — oo,
as the term involving v? dominates the limit. In addition, an application of 1'Hospital’s rule
shows that p,/(F(g;)G(g,)) — 0. Finally, G(g.) trivially diverges to infinity. Therefore,

Ry — Lop)FP@O-CG)  (-p) /GG -1

pr+ (1 —p;) F(9:) G(9r) p-/ (F(9:) G (9-)) + (1 —p-)

QED (Corollary 1)

Corollary 2. As risk aversion v — 1, the expected value of the announcement return goes
to zero (E{R (g,)} — 0), where the expectation is computed with respect to g, as of time 0.

Proof of Corollary 2: From expression (B19), we have p, — p = N(0, —7, %) as v — 1.
In addition, F(g;) — 1/G(g;). Therefore,

! pr+ (1 —p-) F(9:)G(gr) pr+ (1 —p-) F(9:) G(g-)

~ (1-7) (6—§T<T—r>—%(T—ﬂz(crs—&%) _ 1)
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Recalling that g, ~ N (0, 03 —02), it is easy to compute the expectation:
E[R@G)) = (1-p) (T (A7) 300 ed-57) ) —
QED (Corollary 2)

Proposition 4. The market value of each firm drops at the announcement of a policy change
(i.e., R(g.) <0) if and only if
g > g, (B27)

where

¢ = —(02-3)(T-7) (v - %) - (B28)

Proof of Proposition 4: From expression (B16), we see that R(g,) < 0 if and only if
G(g,) > 1. From the formula for G(g,) in (B18), we see that the latter condition is satisfied
if and only if condition (B27) is.

QED (Proposition 4)

Proposition 5. The expected value of the announcement return conditional on a policy
change is negative: E [R(g,)|Policy Change] < 0.

Proof of Proposition 5: The proof proceeds through four Lemmas, A1-A4.

Lemma A1: The announcement return is given by

G (-Npe
o) = v a-mwye

(TR ) (B29)

where N, (z) = N (a: —72,002) = Pr(c < x) is the cumulative normal density, and the

random variable x has the normal distribution

where
=(1-9*(T-1)° (o} -52) . (B30)

Moreover, a policy change occurs if and only if the political cost is sufficiently low, i.e.

c<x.



Proof of Lemma A1l: We can rewrite the formula for R (g,) in Proposition 3 as

(L —p(@) F @) G @) (G (@)~ 1)
p(g-) + (1 =p(g:)) F(g:) G (gr)
1-p@) V(@) (G (G) 1)
p(g-) + (1 =p(g:))V (9-)

R(g:) =

2 2

V@) = FG)G@G)= oI (T=1)=57*(T=7)* (0 -57 ) ,G+(T~7)=5(1-27)(T—7)* (0557

(G- (1=N(T =)= (1-)*(T—r)? (s -52)

Note that the exponent in V (g,) is identical to the argument in p(g;) in (B19). Denoting
this exponent by =,

023 (=) (T =) = 3 (L= (T =7 (o2~ 57) |

we can rewrite the announcement return as (with a slight abuse of notation):
(1=~ (2.~%.02)) e (G G) - 1)
V(o) (12 (g D)

In addition, expressing g, in terms of x,

R(gr) = R(x) =

~ x 1
R P I I

(1= (T =7) (o) —52)

we also obtain

G'(G) = 6—§T(T—T)+%(1—2“f)(T—T)2(03—33)

— a5y 3 () (T—7)? (0262 )+ 3 (1-29)(T—7)* (02 —52)

— eE T (05-57)

which leads to (B29).
From its definition above, x is normally distributed as of time 0, z ~ N (p,, 02), where

02 = (L= (T 1) (o252

po = 5 (L= (T (2 =52 = %

Finally, the condition for a policy change can also be expressed in terms of x. Recall that
a policy change occurs if and only if

L (@-®)e-nT-) c
gl == 2 TT-nG-1




This inequality is equivalent to

(02-52) (v — 1)*(T — 1)
2

¢ < GHT-1-1)-

Q.E.D. (Lemma A1)

Lemma A2: The Expected Annoucement Return (EAR) can be written as

B[R () [Policy Change] = 1 - / k@) (P BT Z1) g, (2) da

where ¢, () denotes the normal probablhty density function of x and

(1= Nc(x)) Ne(z)e”
ko) =+ @)+ (1= N.(2))e

Proof of Lemma A2: We can write
E[R (z) |Policy Change] = /R () ¢, (x|Policy Change) dx

where ¢, (z|Policy Change) denotes the density of = conditional on a policy change at 7. We
know that a policy change occurs iff z > ¢, where ¢ has a normal density that is independent
of x. That is,

6 (z|Policy Change) = / b (2lyes, ) g (c) de = / 6o (2] > ¢,¢) 6 (¢) de
N / b0 (2) Laney 6o (€) de = 6 (1) / be (¢) de

= ¢z (2) Ne(2)

Dividing by the integration constant, we obtain

: ¢z (z) Ne (2)
« (x|Policy Change) = .
Therefore, we can substitute
E[R (z) |Policy Change] = /R () ¢, (x|Policy Change) dx

1

[ 62 (@

/N = 1 — 3 _I))j:)) = (6&1—%“1@—7)2(”3—83) _ 1) s (2) N, (z) dz
1

f¢m dz
(1—- N, . (x)e” L Ly(T—r)2(02—52
X/Nc<a:>+<1_zvc(<a:)>>em G EN O

8




Defining k (z) as in the claim yields the lemma.

Q.E.D. (Lemma A2)

The denominator in E [R (z) |Policy Change], namely [ ¢, (z) N, (x)dz, is always posi-
tive. Therefore, we only need to consider the numerator, which we denote as

S = /k: (x) (eﬁ_%“’(T_T)Z(U?’_&g) - 1) ¢z (x) dz (B31)

It is convenient to express S as a function of o, and a constant ¢. In particular, from the
definition of o, in (B30), we obtain

Og
1= .
7 (T—7)\Jo?—57

Substituting for v in (B31), we obtain the equivalent expression

S— / k (2) <6(z§;g)g_%gz _ 1) 6, () da (B32)
(=(T—r)Jo2 52

We now rewrite S in an equivalent form, swapping the exponential term for the function
k evaluated at a different value.

where

Lemma A3: An equivalent expression for S is
S=E[e"k(x+m)] - Ek(z)] ,

where © ~ N (—302,02) and

m = o,l .

Proof of Lemma A3: Rewrite

2

S = /k: (x) <e(z"%”’%)g_%gz - 1) ¢z () de = e 2’F

We now rewrite the first expectation as follows




The product of the exponentials can be written as

e 7(z+%a§)2 ,(z+%ag)2+(z,%ag)zwz
(#)ge 202 . -
e

\/%O'm \/%Um

Now, we can rewrite the exponent in the exponential function as follows

—(z+ %ai)z + (z — 102) 2(0,

Exponent =

20?2
- (1’2 + (%aﬁ)z - xaﬁ) + (z — 102) 200,
a 202
_ (1’2 - (%aﬁ)z + z0? — a:%az) —02lo,
- 202
_ (1’2 - (%aﬁ)z +z (02— 25%)) — o3/
- 202
- (z+1(c2— 25093))2 + ((Eam)2 —o3l) — a3t
202
- (x + % (02 — %am))2 + (loy)? — 2030
202
2
_ (x—l— % (205%_ %Um)) n %Ez — ol
Thus, we obtain the identity
(o) S A e

V2ro, V2o,
_ (z+ % (0372&31 ))2

20’%

V2o,

_ 6+%52—aze €

Note that the expression in the parenthesis is the density of a normal with mean —% (02 — 2l0,)

—%aﬁ + lo, and variance o2. Substituting in the expression for S, we obtain

S = e 2" F
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(o3 (oF20))

— e | k(2 64_%52_%56 - dr — Ek (x
A [h) — b (a)

I
ml
N
&
—
o~
~—
&)
~—
]
N
Y
)
|
q
8
~
[E—
I
&
=
—~
8
=

where )
T~ N (—5093 + (o, ai)
Because x and 7 differ from each other only because of the mean m = f¢o,, we have
T=x+m

(formally, we have defined T from x in the derivation above). This implies that we can
rewrite S as

S=E[e"k(z+m)] — Ek(z)] .
Q.E.D. (Lemma A3)

The following lemma yields one last transformation of S.

Lemma A4: S can be equivalently expressed as

S=FE[k(x+m)—k(z)] , (B33)

1
sz(2am,a)

- (1 — Ne(x)) Ne ()
k: pr— .
@)= @+ =-N@)e
(Note that we have redefined x so the mean of x changes the sign compared to the x defined
in Lemma Al.)

where

and

(B34)

Proof of Lemma A4: From Lemma A3, we have
S=E[e"k(z+m)] — Ek(z)] .
Substituting for k (x +m) and k (x),

= sl ] |

E{ (1= N.(x+m))N.(x+m)e } { (1— N, l’) N, (z)e*
N.(z+m)+ (1= N.(x+m))ertm
= Elk(z+m)e’] —E[k(x)e*] = E[[k(z+m)—Fk(z)] ]

(++32)°

6_ 2::;'1E

——dz
V2mo,
11
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where z is still defined as x ~ N (—%aﬁ, aﬁ). We now carry out a transformation to swap
the exponential e” for a change in the mean of the distribution of z. The product of the
exponentials is

2 2 2
(z+%—0%) 7(z+%—a%) +120'% *<12+(%—0%) +zcr%>+12cr%
L€ e 207 e 203
e —— = =

Vara, Vera, Vano,
~(2+(403)"-202) ~(+-(32))°

—_
e 20’% e 20%

\V2To, \V2To, ’

which is the density of the normal distribution with mean {02 and variance o2 (note the
change in the sign of the mean compared to the definition of z in Lemma A1). Substituting
this identity, we obtain

5 - /[E(z+m)—%(z)} e””;da::/@(:v%—m)—g(x)} L R
— BFG@+m—F@)] .

where x is now redefined as

Q.E.D. (Lemma A4)

To summarize Lemmas A1 through A4, we have proved that F [R(z)|Policy Change] < 0
if and only if S < 0, where S is given in (B33). To prove that S < 0, we now prove that the
function E [k (x +m)] is decreasing in m for all m > 0.

First, we document some properties of the k(z) function, which is defined in (B34). This
function is always positive, and it converges to zero for both * — —oo and x — oo. In other
words, the function k(x) is “hump-shaped”. Second, we prove that k(x) peaks below zero;
that is, k(z) is monotonically decreasing for all z > 0. To show this result, we show that the

first derivative of k is negative for all > 0. We have % < 0 if and only if
— N, (2) Ne ()" + (1 = N (2))* (N () = Ne(2)) " <0,

or, equivalently, if and only if

(-50) < ()

Direct computation shows that this condition is always satisfied for any x > 0 and any
o.. Third, we note that if the function k(x) were symmetric, the claim S < 0 would
follow immediately. This is because the expectation F [E (:E)} is computed with respect to
the normal density of 2 whose mean p, = 102 is positive. Since the function k(x) peaks
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below zero, increasing the mean of x from p, > 0 to p, +m would decrease the expected
value of a symmetric k(z) for all m > 0. The function k(z) is almost symmetric: the
numerator of k(z) in (B34) is symmetric about —1/202, while the denominator is given by
Den(z) = N.(x) + (1 — N.(x))f(x), where f(x) = e*. If we had f(z) = 1 for all z, then it
would be the case that Den(z) = 1 and k(z) would be symmetric. Instead, f(z) = e* > 1 for
all > 0, which implies Den(z) > 1, so that k(x) is lower than the corresponding symmetric
value. For x < 0, we have f(r) = e® < 1, which implies Den(x) < 1 and thus k(x) is above
the corresponding symmetric value. This characterization implies that k(x) is negatively
skewed—the right tail of k() for > 0 is thinner than it would be under the symmetric
distribution. Since increasing the mean of x from pu, to p, + m shifts the whole density to
the right, the thinner right tail of k(x) reinforces the argument for S < 0 under symmetry.

We conclude that E[k(x + m)] < Elk(z)] for every m > 0.
QED (Proposition 5)

Proposition Al. In the benchmark model for t < 7, the state price density is given by

m = B, Q (g, 1) , (B35)
where
Qg t) = pi”G” + (1 -p) G

Gi’es _ e_ﬁ/“(T_t)_«/’g‘t(q——t)—l—é((T—T)zgg—l-(ﬂ'—t)z&?)+“/(1+“/)UQ_Z(T_t)

G = 6_«,(H+§t)(T—t)+é(T—t)ZG?ﬂ(H“/)‘;—Z(T—t)
and

9 2
e = N (g(o);ﬁt —o (T —1) + T —i)/(i - 7)’3152 o (T - T)gc(l = 7)2)
no ~ ~2 =2 02/2 o2 2 03

e = N(g(o);gt —y 67 (T —t)— (T —7)57] + T —7) (1_7),015 -0+ (T—T)z(l—’y)z)

Proof of Proposition Al: We have

™ = By [7TT+] = /Et [7TT+|C] Oc (C) dc ,

where ¢.(c) is the density of a normal distribution with mean —2 o2

202 and variance oZ. Consider

Ey [777+|C] = Dt (C) E; [7T7+|C> gr < 2(0)} + (1 — Dt (C)) E; [777+|C> gr > 2(0)} )

where the cutoff g (c) is given in (B13), and

pe(c) = Pr(g-<g(c)=N(g(c), g 07, —32) .

We proceed in two steps. In the first step, we compute the inner expectation conditional
on a particular political cost c. In the second step, we integrate the cost out.
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STEP 1: We compute the two conditional expectations separately, first computing F; [7T7—+|C, 9-<g (c)}
and then E; [m,1]c,g- > g(c)].

CASE 1. POLICY CHANGE: The state price density at time 7 right after a policy change
(i.e., at time 7+) is given in (B24) as

Ty = A_lB;le—yCu—é)(T—T)—I—é((T—T)zcrg—l—crz(T—T)) ‘
In what follows, we omit the constant A™! which drops out later, and we denote B, simply

as B, (this is innocuous because B, = B,; by continuity; there are no jumps in capital at
time 7). Consider the conditional expectation

E, B—“/e—“{<#— %) (T—7)+ 723 ((T—ﬂ-)zcrg—l—cr2 (T—T)) |/\

Et [777—+|/g\7' < Q(C)> C:| = gr < g(C), ¢

o2 —2 —T 20’ g -7 0
e‘V<H—7>(T—7)+Wz (@-m?ofto*(T ))Et (B3 < gle).c] -

To compute the latter expectation, we first find the joint distribution of b, = log (B,) and
J-. Aggregate capital at 7 is given by

& - e“(T—t)Jrf[ gtdt—ffz—z(T_t)Jrg(gT_z) .
By

Ito’s Lemma implies the joint process for b; and g; as
1 =
dbt = (,U‘l‘gt—§0'2) dt‘l‘O’dZt
dgp = o207 'dZ, .

Integrating from ¢ to 7:

T 1 T ~
b, = bt+,u(7'—t)+/ (ﬁu—§02)du+0/ dz,
t t

/g\T et gt ‘I— 0_1/ azdz\u .
t

Lemma A5: The joint distribution of (b,,g,) conditional on the information available at
time t < 7 is given by

(5 )~ ((561)-(eols) vier™))

1
Bl = bt (03 50") ()

where

] Gt
) = (T—t)°62+0% (1 —1t)
)

= F2(r—1) .
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~ /\2

Proof of Lemma A5: We already know that g, ~ N(g;,52 — 52). Clearly, (b,,3,) are
also jointly normally distributed. We only need to find the first two moments of b, and its
covariance with g.. The mean is :

E b = bt+u(7—t)+[ (Et[gu]—%ﬁ) du

N 1
= bt+(u+gt—502) (tr—1) .

The conditional variance of b, as of time ¢ is given by

T 1 T
t t

Using Girsanov Theorem, we reexpress everything in terms of the original processes,

T R 1 T T 1 T
/ pA Gy — =0 du+a/ dZu:/ w4 g% — —o? du+a/ dz, ,
t 2 t t 2 n

where ¢4 ~ N(g;,5?), given the information at time ¢. We then immediately obtain

V(b;) = (T—t)zé\f%—az(f—t) )

Finally, we compute the conditional covariance of b, with g, as of time ¢:
C (bT7 Zl\r) = Et [bﬂ'gﬂ'] - Et [bT] Et [Z]\r] .
Consider the variable
h’t = bt/g\t .

Ito’s Lemma implies
dht - dbt/g\t ‘l‘ btd/g\t ‘l‘ dbtd/g\t

1 PO » 9 1\ .5
— [(,u +G; — 502) G + af] dt + (Gio + biojo™") dZ, .

Taking the integral on both sides:

T 1 . . T = - B e
hy = h; + / {ﬁi + (,u — 502) Gu + 03] du + / (gua + buaia 1) dz, .
t t

It follows that

T . 1 N N
Et [hT] = ht —l—/ Et [gi} + (M — 50’2) Et [gu] + 0'5:| du
t

T = =R =R 1 R =R
_ ht+/ (gf%—af—ai)%—(u—§g2)gt+a§}du
t L

T -/\ R 1 R
= ht‘l’/ gf+03+(u—§02)gt]du
t L

o ~ 1 ~
= nr gt -0+ ate -0+ (u- 5ot a1 |
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where we used the earlier finding FE; [g2] = g7 + (67 — 2). The conditional covariance as of
time t is given by

C (b7'7 /g\T) = Lk [bT/g\T] — E; [bT] Ey [/g\ﬂ']

o ~ 1 A
— g -0+ ate -0+ (u- 5ot ) a0

— (bt + (u+§t — %az) (1 — t)) Gi

= o (1—1) .

Q.E.D. (Lemma A5)

Using Lemma A5, we now finally compute E; [e™*7[g; < g(c)]. Using the properties of
conditional Gaussian distributions, we know that

C (br, )

% (/g\T) (‘T - /g\t) ) 4 (bT) -

C (b-,3,)°
mmm~N<amH —Lﬁl>.

V(9r)

Thus

Bl G <g@d = [ B =2 o (ol < g0 0) o

9 (Bl ]+M(m:))+ﬁ(v(b )_C<b7,§7>2)
T V(gr) g 2 T V(gr) ~
= / 9 9 10) (:17|gT < g(C),C) dx |
o
where
1 _(@—gp)?
3V (g7)

€
~ V21V (gr)
$0l <499 = R

T

Note that we can also write

2
_“/Et[bﬂ' %(V(bT C(\E;T(ggT)) ) g(c) Clbr,Gr) 1 (g2 )2
= 7,917 ~ z—3
E (g < g(c)d] = i (/‘ R ew__L__ sy,
= N (g(e); G, 02) o 21V (gr)
2 C(br, 97’)
B+ (V) - S
e TR Vi) 9(¢) 1 —(z—gt>2—2wc<b7,§7><z—§t>
— — 2V (gr) €T
( (¢); Gt, ) 27V (.
2 C(br, 97’)
—y By [br]+ % (V(bf)
e k Vigr) 2C(bq— gq—) g(c 7(5137(/9}7'72(177"?]\7)))2

= ZV(QT) E—— 2V (g7) T

N (g(e )@,3?—32) o0 \/27TV (4r)
_ N(g( ); gt —vC(br,9:),0 Ur) « e VEbrl+ 2V (br) .

N(g(C);gt,at —UT)
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In conclusion, substituting for E;[b,], V[g,] and C(b;,g;), we obtain

- 2
B [e |G, < g(c),c] = B e (w300t ((r—1) ———
[ g(e). ] ' N (g(c); G, 0% — 52)

Finally, putting all terms together,

B, [moslds < gle)d] = Byl wI-0=dlr— S -0+ 35 (T-rP53+r—t70 + 5o (T=0)

N (g(c)>/g\t - ’}/a\tz (T - t) 78152 - 6.\72_)
N (g(c); gi, 07 — 52) ’

concluding Case 1.

CASE 2: NO POLICY CHANGE: The state price density right after time 7 if there is no
policy change is given in (B24) as follows (again dropping A™! and using B, = B,):

Try = B_ﬁye_%“ﬁ”é)@‘ﬂﬁzﬁ(@ 762402 (I-7))

The main difference from Case 1 is that g, now also enters the exponent, as a result of which
we cannot factor it out. Consider the conditional expectation

G2 —T 2 25240 T
B [relfe > (). = B |Bre o F) I (@'t @) g o o)

0'2 o
_ oI =T) G (T )+ (- 7’F+0*(T-7)) E Bl g(c), ]

Define
yr =3, (T — 1)+,

We can now use Lemma A5, designed for the joint density of (b,,7,), to compute the joint
density of (y,,gr). We obtain

()= (T ) (L V™))

The only two new terms to compute are V(y,) and C(y.,g-). We have

Vv (yT) (T - 7)2 Vv (/g\ﬂ') + Vv (bT) +2 (T - T) C (bT7/g\T)

= (T-7)°G-6) +(1—t)°Gi+0* (1 —t)+2(T —7) 57 (1 — t)
(T—T)zé\f (T — 7‘)2A2 (T—t)z?t\tz—l—a (T—t)+2(T —71)52 (1 —t)

= GH(T -1+ -t +2(T-7)(7—)] - (T -7’52+ > (1 — 1)

= G/ (T—t)’— (T -7’32+ 0> (T —t)
and

C(yr,g-) = (T—=7)V(§:)+C(bs,gr) = (T —7) (67 —52) + 57 (T — 1)
= [GE(T—t)—(T—T)az}.

17
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It follows from the properties of conditional Gaussian distributions that

rlgome o N <E o)+ S 30V (o) - %) |

Thus

By [e7"[g: > g(e),c] = E 7§, = 2] ¢ (2[: > g(c).c) du

/

> _ Ey 7——|—C(LA’§T) ;E_"t +ﬁ V(yr _C(y7L§7—)2 =R
/ 1By 1+ S o=50) + 5 (V) L5 )¢($|QT>Q(C),C)M’
g

where
_(a—gp)?
e~ 2Vin

1

~ \/ 27V (gr)
el > 900) = T e =7

We therefore obtain
2 ~ \2
[+ (V-

Ble™ 5 >0l = S5 =59

%) _ ~ o—5,)2
) / el DN SN o
g(e) 27V (gr)

The same steps as in Case 1 yield

~ N (9(0). 9 = C (y+.9r) .5} — 02))
1_N(2(C)>§t>3tz—03) '

B e > glo)d] = e @@nsmbhsEven !

Finally, putting all terms together,

-2 2 . R
E, [7_(_7_+|/g\7_ = g(c)’ C:| _ 6—’\//,1,(T—T)+’*/7(T—T)+j2_((T—T)20'72-+0'2(T—T))E't [6—“/y7|gT > g(c)’ C:|

= Bt_ﬁfe_%u(T—t)‘Fé((T—t)28t2+o'2(T—T))6—«{(§t(T_t)_%o.2(T_t)) y
(1= N (9(e). 5 =€ (4.3-) .57 — %))
1—N(g(0),§t,3?—03) '

STEP 2: We now integrate out the cost c¢. The conditional expectation is
E; [7T7+|C] = Dt (C) E; [7T7—+|§7— <g (C) >C} + (1 — Dt (C)) E; [7T7—+|§7— > g(C) >C}
= B, "N (g(c),g —o; (T —1),0; —02) x
o o~ T =) =G (T =11ty G (T=0)+ % (T=r)202+(7—1)267 )+ B o (T—1)
+Bt_ﬁ/ (1 _N (Q(C) >/g\t - ’}/C (y7'7/g\7') >a\z€2 - 072—)) X

s o~ T=0+% (T=0252+02(T—7)) ,—(G(T—0)— bo>(T—1))
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Note that the cost ¢ only enters into the two terms N (g (¢), g —v07 (1 — t),07 — 72) and
N (g(c), 5 —2C (yr,9-), 07 — 02). Since the distribution of ¢ is independent of everything
else, we obtain

Eilry] = BE N (9(0), g — o7 (T —1t),57 —32)] x
o 6_W(T_t)_7§t(T—t)+~yf’2—2(T_t)+§((T_T)Zag+(r_t)23§)+§UZ(T_t)
+Bt_ﬁ/ (1 - Et [N (g(c) >/g\t - ’}/C (y7'7/g\7') >a\z€2 - 072—):|) X

o~ T+ (T=1)252+02 (T =) = (G T—1)~ 30> (T—1))

Finally, using the law of iterated expectations, we can compute

i = E [N (g(c),q—n0; (t—1t),0; —02)] =E [Pr(z < g(c)|c)]
= Et [Et[1m<g(c)|c]:| = Et [1m<g(c):| = Pr (l’ < g(c))
c
= e <a0 - )
— N 0):3 ~2 " 30. A2 A2 o
- (g( )agt_’yo't (7_ )_ (7_1)(7—'_7)’0} —o;+ (7_1)2(7"_7-)2) ’
Similarly,
p’ = 1-E [N (g(0),G —~Clyrbr), 57 —57)]
= 1 N 0 e C b %002 L2 ~2 002
- - 2())915_7 (yT7 T)_(’y—l)(T—T)’Ut_UT+(’Y—1)2(T_T)2)

Substituting in E;[m4], the claim of Proposition A1l follows.
QED (Proposition Al)
Proposition 6. The stochastic discount factor (SDF) follows the process

d .
% = —0pidZy + Jol sy (B36)
t

where dZ, is the Brownian motion from Proposition 1, 1y—ny is an indicator function equal
to one fort =1 and zero otherwise, and the jump component J. is given by

yes __ (A—=p-)(1-F(gr))

Jﬂ— - no _  pr(F(gr-)—1) . . (B37)
Jx e e if policy does not change .

~ prt+(1-pr)F(3r)
Fort > 1, 0.4 is given by
Oy =7[c+ (T —t)5707"], (B38)
and fort < 1, it is given by (Corollary A1 in the paper):
1 09Q(g,t) .
(gt> ) 20,—1 )

— — B39
Q(g:,t)  Og 7 (B39)

Ont =Y0 —

19



Proof of Proposition 6: For t < 7, the SDF dynamics stem from an application of Ito’s
Lemma to (B35), which also yields the volatility (B39). Because the state price density is a
martingale, m, = E} [mr], the drift of the process is zero. For ¢t > 7, the state price density is
given in closed form as in equation (B24), with ¢ in place of 7 in the formula. An application
of Ito’s Lemma immediately leads to the diffusion term (B38).

At the time of the anouncement, 7, the state price density jumps from (B25) to either of
the two expressions in (B24). We obtain the size of the jump by computing the difference:

yes yes
Jge: - (Trq———i— - 1) - yes 7TT+ no 1= ! e 1
’ Tr Pr7r4 +(1_p7')7TT+ pT_l'(l_pT)w;—%
B _ (T EA(T =7 (03 52)
1 (1 pT) 1 €
= - 1 =
P I e e ) pr + (1 = p,) e 9T -)=57*(T=7)*(05-5%)

The expression for the jump if there is no policy change follows from the martingale condition
B, 1) = p, I+ (1= ) J25 =0

which implies

) s (6—w§T<T—T>—%v2<T—T>2(cr?,—a%) _ 1)
Jro = T gyes _

(1 B pT) e Pr + (1 — pT) 6_7§(T_7—)_%VZ(T—T)Z(US—EE) :

QED (Proposition 6)

Proposition A2. In the benchmark model for t < 7, the stock price for firm 7 is given by

; i (b(/g\ht)
M= pi 2nt) B40
! ! Q(gt>t) ( )
where
(g t) = PR 4+ (1—pp°) K7
KV = ol =01+ S5 (=)o =0)'5 )~ (1) 5 (1)
Kmo = 0=t 0=)iu( T+ CE (- 1)y 5 ()
and
2 2
—yes o ~2 g /2 ~2  ~2 Oc
Pl = N(gO,g—l—l—vaU—t)—l— ,0; — 0~ + )
t 9(0):9¢ + ( )5 (T—71)(1—7)""" (T—’T)Z(l—’)/)z
o2/2 ol
o = N|{g0);g.+ 10—~ [T —t)— (T —7)52] + < Or — 02+ <
= (g0 Q=) B 0 )= (=] Sy et e

Proof of Proposition A2: The proof is similar to that of Proposition Al. For ¢ < 7, market
Byfmry ML, |

Tt

value satisfies M} = . We need to compute the numerator. As in Proposition Al,
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we proceed in two steps. In the first step, we compute the conditional expectations, and in
the second step, we integrate out c:

Et [W7+Mi+|c} =Dt (C) Et [W7+Mi+|§\7 < 2(0)> C} + (1 — Dt (C)) Et [W7+Mi+|§\7 > 2(0), C} .
CASE 1. POLICY CHANGE. Using the expressions in (B24) and (B20):
E, B—V6_7<“_é)(T_T)'i'é((T_T)zgg'l'Uz(T_T))

By [ MG < g(0) ] =

. o2 (=2
XBie@_T)(T_TH%((T—T)zgngz(T—t))|§T <g(e),c

— _a2 —T a-—- )2 20240 —T P~
6(1 “/)(H 2>(T )+ 2” ((T ) S—I— XT ))Et [B;VB:_|QT<2(C),C:| )

Under the original probability measure, B, = B;et(T—0+9°" (=030 (—0+0(Z-=Z1) while
B — Bfe,u(ﬂ'—t)—l—gdd(ﬂ'—t)—%02(T—t)—l—cr(ZT—Zt)—%U%(T—t)—l—crl(Zf_—ZZ)
_ g Br\ tottrtyron(zi-21) (B41)
By
Thus
R B! 1 AT
E, [BT—“{BHQT < g(c),c} — EiEt [Bi—ve—éa%(T_t)+al(ZT—Zt)|gT < g(c),c
B} -
- B (g, < gfo).d

since the Brownian motions Z* are independent of B;. The closed-form expression for the
expectation is then identical to that obtained in Proposition A1 when we substitute (1 —7)
for —v. That is:
E [B(3. < g().d] = Blet-nleii-be?) -0+ 55 (-0 at40%(r-0) o
N (g, Gi+ (1=2)3 (= 1),52 - )
N (g(c); g, 07 — 52) '

Substitute to obtain
By [m M, (G, < g(c).c] = B B;v6<1—w)u<T—t>+<1—v>§t<T—t)—<1—v)~yé<T—t)+%(<T_T)zag+<7_t)233) y
N (9(0).90+ (1 =) 52 (7 — 1), 57 - 57)
N (g(c); 6,52 — 52) '

CASE 2. NO POLICY CHANGE
B [ MG > g0 = B[ Boe i) ans i (amrreia)

. 5 o2 ) (=27 252 462(T—7)) |
XBie(qugT 2 ) (7)o U2 (T—r)262+0%(T ))|gT>g(c),c

2 2
(1= (T =7)=(1=7) G (T—7)+ U502 (1 —7) + O (17252

x E [B;“’Bie(l_“’)gf(T_T)@T > g(c),c] .
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Using (B41) again, we have

. _ R B: - N
E[BYB TG > gle) o] = B BTG > g(e),
t
Bi

= 2B [0 g, > g(e), ]
t

where the idiosyncratic Brownian motion term (Z! — Z!) is independent of both B, and ..
Recalling the notation y, = b, + g, (1" — 7), we can use the results in Proposition Al with
—~ replaced by (1 — ) to obtain

A=) (br+g-(T—-7)) |5 — (1—“/)(§t(T—T)+Et[M)-F%V(yr)
Ey[e - > g(c), ] e X

(=N (9(0).9i+ (1= C (4.5) .37 ~ 7))
1= N (g(c), G, 07 — 02) '

Putting the terms together,

By [mry M}, [g- > g(c),c] = BB, 1) UG (T )+ (1) Tty S55 -0

(=N (90,8 + (1 =7 Clyr.§r) .57 — 07))
1 _N(g(c)>/g\t>a\t2 _072—) .

The last step is to integrate out the random cost ¢. Using the same steps as in the proof
of Proposition A1, we obtain p¥** and p"° as in the claim of the proposition.

QED (Proposition A2)
Proposition 7. The return process for stock i is given by

dM;
M

= paredt + UM,tdZ + 01dZ; + Jalj=ry (B42)

where the jump component Jy; is given by

J = R (7 if policy changes
L L (B13)
Jw=R(9,)G(9,)+G(g-) —1 if policy does not change .
Fort > 1, we have
gy = 7o+ (T —1)5%01] (B44)
oy = o+ (T—t)50 ", (B45)
and fort < 7, pune and oy are given by (Corollary A2 in the paper)
0P (g1, t) /0g:  OF (gi,t) /(9@) ~o 1
o = o+ — — — ;0 B46
M ( P (gt> t) F (gt> t) ! ( )
MM = OxtOMit (B47)
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where o4 and oy are given in equations (B39) and (B46), respectively.

Proof of Proposition 7: For ¢ < 7, the dynamics of the return dM}/M; stem from an
application of Ito’s Lemma to (B40), which also yields the volatility (B46). The expected
return is given by uy = —Cov(dmy/m, dM} /M]) = 01004, which yields (B47).

For t > 7, the price is given in closed form as in equation (B20), with ¢ in place of 7 in
the formula. An application of Ito’s Lemma immediately yields the diffusion term (B45).
We obtain (B44) by using the closed-form solution for the SDF diffusion in (B38).

At time 7, stock prices jump. The jump size in case of a policy change, J¥;* = R(g,), is
already derived in Proposition 3. For J37, we have

o — MY — My —w(Mp” = M) —w(l = M) (B48)
M; WM + (1= w) MY w+ (1 — w) (M /M)
p-(G(gr) — 1) (B49)

pr+ (L= p-)F(g-)G(g-)

where we use w in (B22) and G(g,) = M2 /M. This is the same expression as in (B43),
as can be easily verified by substituting for R(g,) from (B26).

QED (Proposition 7)

Corollary 3. The market value of each firm increases at the announcement of no policy
change (i.e., Jy¢ > 0) if and only if g. > g*, where g* is given in equation (B28).

Proof of Corollary 3: The proof follows immediately from expression (B49), which is
positive if and only if G(g,) > 1, where G(g,) is given in (B18).

QED (Corollary 3)

Proposition 8. The conditional expected jump in stock prices at time T, as perceived by
wnwvestors just before time T, is given by

o (-p)(1-F@) (-GG
Er(u) = (- F@)CG)

(B50)

Proof of Proposition 8: The proof follows immediately from E; (Jy) = p, J3; +(1—p; ) J37
and substituting J3;* = R(g,) in (B16) and J}? in (B49).

QED (Proposition 8)
Corollary 4. We have E, (Jy) < 0 if and only if
9 < g < g7, (B51)
where g* is given in equation (B28) and

g = —% (T —7) (02 =352 . (B52)
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Proof of Corollary 4: The expected jump is negative if and only (1-G(g,))(1—F(g.)) > 0,
that is, if and only if

(1 _ 6§(T—7—)—%(1—2~/)(T—7—)2(03—372_)) <1 . 6—~@T(T—7)—%~YZ(T—7)2(03_33)) >0,

This condition is satisfied if and only if

1 ~ 1 ~
(3--50-2@ -7 =) (3 + 5 =7 (3= ) <0,
which yields the claim.
QED (Corollary 4)

Corollary 5. As risk aversion v — oo, E; (Jy) — 0 from above for any value of g;.

Proof of Corollary 5: The conditional expected jump is

pr (1 —p;) (1 = F(g-)) (G(g-) — 1)
pr+ (1= pr) F(g:)G(97) '

Recall that the probability of a policy change is given by

E, [Ju] = £ (3,) =

pfzpr@xg(c)@):Pr<c<aT<1—v><T—7>—%(T—fﬂaz—aﬁ)) .

For v — oo, we have p, — 0 (the term that involves ¥? dominates), G(g,) — oo,
F(g;) — 0, and F(g,)G(g-) — 0. In addition, an application of I’'Hospital’s rule gives us

Therefore, we have

PP A JA-F)(G-1) p(A-p)(G-1-FG+F)
Frlil = &6 = 1-p)FG pr+(1—p;) FG
B (1= po)(1- G = F+ FG)

1{:_2;+(1_p7)

2 2

where we used the fact that F(g,)G(g,)™ = ¢~ WG (T=1)+5 (1-29=9)(T-7)* (o5 —02) _,
Note that because both p, > 0 and F(g,) > 0, the limit of £(g,) is from above, which
implies that for every g., £(g.) > 0 for v sufficiently large. Indeed, note that the range
in which £ (g;) < 0 is (¢%, ¢**) — (—00,—00), so that for any given g,, £ (g,) must turn
positive as 7y increases.
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QED (Corollary 5)

Corollary 6. As risk aversion v — 1, E, (Jy) converges to a nonnegative value for any g.

It converges to zero if and only if . = —5 (T — ) (03 —a2).

Proof of Corollary 6: The conditional expected jump is

pr (1 —pr) (1 - F(g,)) (G(gr) 1)

E; [JM] =& (Z]\T) = pr + (1 — pT) F(Z]\T)G(Z]\T)

From the definition of p;,

p. = Pr (5 < g(c)[3) = Pr <c<§f<1—v><T—f>— L 1 ry (oﬁ—ﬁ)) ,

we have that v — 1 implies p, - p= N (0, —%062, af) , independent of g.. In addition, as

v — 1, we also have F(g,;) — 1/G(g;). This implies that for every g,, the expected jump
converges to

(1—-7) (1 _ 6—§T<T—r>—%<T—r>2(o§—a‘$)) <€§T<T—r)+%<T—T)2(og—8$) _ 1)

1-p)(1—e") (" 1),

i
S SIS TS

where z = g (T —7) + 3 (T — 7)? (02 —52). This expression is always strictly positive,
except for 2 =0 (ie., gy = —3 (T —7) (03 —52)), in which case it is equal to zero.

QED (Corollary 6)
Corollary 7. As risk aversion v — oo, E (Jy) — 0 from above.

Proof of Corollary 7: The proof follows from that of Corollary 5 and the result that for
every gr, we have £ (g.) — 0 as v — oo from above. This implies that also unconditionally

E [Ja,] = / £@) 6 (3.0.0° —32) dj, — 0.

where ¢ (g-,0,02 —32) is the normal density with mean zero and variance o7 — 2. In
addition, because for g,, £ (g.) > 0 for v sufficiently large, and because ¢ @7,0,02 — 6\3)
does not depend on ~, we have that E [Jy ;] converges to zero from above (i.e., it is positive
for a sufficiently large ). This implies that there exists v such that for v > 7, we have
E[Juns] > 0. a a

QED (Corollary 7)

Corollary 8. As risk aversion v — 1, E(Jy) converges to a positive value.
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Proof of Corollary 8: From the proof of Corollary 6, note that as v — 1, the unconditional
expectation

E[Ju, = E[E; [Ju.l]=EI[EG)]
~ B[p—p) (1- e T HI ) (T () )]
= Z_Q (1 — Z_Q) E' |:€§T(T_T)+%(T_T)2(US_872') _ 1 _ 1 —I— 6_§T(T_T)—%(T—T)2(0'3—872_):|
= p(-p) (T 1) >0

QED (Corollary 8)

Corollary 9. The correlation between the returns of any pair of stocks fort > 1 is given by

[0+ (T — )20

_ . B53
P o+ (T =162 1] + o2 (B53)
For t < 1, the correlation is given by (Corollary A8 in the paper)
2
o
pr= gt (B54)

ol + aﬁm
For t = 1, the instantaneous correlation is one.

Proof of Corollary 9: The statement follows from the definition of correlation, which in

continuous time is given by
dM;i\ [ dm}
E L t 2
CINM )\ M) Oy

e dMi 2 dMi 2 a U%_I_O-]zw,t ‘
e, | () e [ (5)

Substituting the appropriate value for oy, from Proposition 7, the claim of the corollary
follows.

QED (Corollary 9)
Extension: Endogenous Timing of Policy Change.

Let V (g, By, t) denote the value function given no policy change at or before time t:

T>t

Bl Bl
V (gt, By, t) = E; {max {ET {%|No change at 7‘} LB, {C%K?hange at 7‘}
(B55)
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Proposition A3. Let the timing of the policy change be endogenous. For everyt € [1;,Tit1),
the indirect utility function V (gy, By, t) from equation (B55) is given by

V (Gi, B, t) = B, ® (Gi, 1) (B56)

where ® (g;, t) satisfies the partial differential equation

0 %%u—wwg»——w ") 2}@@@
+;8 a(gh )(3?)20__2_‘_(1 7) Qa(gh )Ut ‘ (B57)

The boundary conditions at time 7; are given by

® (gn—a Ti_) = En'_ |imaX {@ (/g\na Ti) "1 ! 6C+(1_V)H(T_Ti)+%(l_ﬁ/)zgg(T_Ti)z_ﬁ{(l_ﬁ/)JZ_Z(T_W) }:| )
-7

where the expectation is taken with respect to c just before the policy decision at time 7;. The

final condition at time T is @ (gr,T) = ﬁ

Proof of Proposition A3: We have the final condition

1—y
By

V(@ BrT) =75

Let 7 denote a generic 7;. Because the policy change is irreversible, we can use the aggregate
capital process
By — B.owtor=5)T=r)tolzr=2:)

to obtain the value of expected utility at any time 7 conditional on a change at 7 in closed
form:

1—v 1—
Br \ves g B c| = e fr L =T =13 (=7 (1= 5T (Bl5g)
-7

V(B;,c,7) = €°E;
-7

A policy change occurs at time 7 if
V(B;,c,7) >V (Gr, Br,T) .

Since no policy decisions are made between_n- and 7,41, we have for t € [7;,741) that
V (g, By, t) = E; [max {V @n“, BTZ.H,TH_l) ,V (BTZ.H, c, 7‘@-+1)H. It follows that V satisfies
the martingale condition E; [dV] = 0, that is

A OV o 10V s 1OV PV
0=y + g B B+ GBI+ g 8] + 5 B (0] + g B B

with the following final condition at 7 = 7,11 (we drop the subscript for notational conve-
nience):

V (Gr—, Br—,7—) = B, [max {V (¢;, B;,7),V (B:,c,7)}] (B59)
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where the expectation is taken over possible values of ¢. Note that because of the convexity
of the max operator, we cannot take the expectation inside the parenthesis.

We conjecture that the value function is:
4 (/g\h Bt> t) = Btl_ﬁf(b (/g\ta t) :
Taking first derivatives,

ov 0*V

= (1=7)B,"® (g, 1) = —y(1=9)B;"7'® (g, 1)

9B, ' OB?
W _ g 220et) OV 006
Gy Gy agt agt
oV 1, 0B (g, 1) 9*V _,0® (gi,1)
R — B Y ) . — 1_ B yYEAIH ) ]
ot ¢ "ot agop, - LTV BT
In addition, we have for ¢ < 7,
E[dB) = (u+G) By E[dB}] =0’Bf; Ei[dg] =0; E [dg;] = (33)20—2; E [dBydg;) = 67B; .

Substituting the derivatives of the value function and the expectations in the PDE, we obtain
(B57). The final condition at 7,41 follows from equation (B59).

QED (Proposition A3)

Statement from the text: Conditional on a policy change at a given time 7, the value
function at that time is available in closed form:
1—
V (B, T,c) = 5 ecﬂ‘(l—v)(T—THUﬁ(T—T)Z—“f(l—“f)Uz_Z(T‘T) . (B60)
Ty 7 1 _ f}/

Proof: See proof of Proposition A3.
QED (Statement from the text)

Proposition A4: For every t € [7;, Ti41), the market-to-book ratio M/B of firm j before a
policy change is given by

%tj _ Q(g 1)

B F(g.t)’
where F'(g;,t) and € (g, t) satisfy the ODEs

OF (g:,1) 1 5 N LOPF (Giit) jnon2 9 OF (Gest) o
= 29t ) - F “ZE Y _ A
0 5 +{ 7(,u+gt)+27(7+1)0 (gt,t)+2 o (at) o ¥ 9% ol

R Ra ((ERIRS RS TR P SCIoN)

10*Q(Gi,t) ;2 o O (Gir t) o
halialel VL Al - 1—v) —=—"=+
+2 ol (Ut) o V) of 7
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with the following boundary conditions for 7 = 7, 1:

22

)2 @7_’ 7_) — pT_e—w(T—T)Jr%vz(T—T) crg+~r(~r+1)§(T—T) + (1 _ pT_) I @T’ 7)
Q@G =) = pT_6(1—v)u(T—7)+%(l—v)z(T—T)ZUS—(l—v)v"z—z(T—T) (1= p ) QG 7)

and final conditions at T, F' (gr,T) = 1 and Q (gr,T) = 1. Above, p,_ is the probability of
a policy change at 7, given explicitly by

N 1
P =N (:E (Gr,7), —5002,002) , (B61)

where

2 @7) = Jog(® (@) (1= 7)) — (1 =) (T = 7)
=P T =7 by (A=) T (T 7).

Proof of Proposition A4: We start by computing the probability at 7 that a policy change
will occur, assuming it has not occurred yet. From the proof of Proposition A3, we have:

pr— = Pr(Change at 7|g-,7) = Pr (cb (Gr7) < 7 ! ec+<1—*v>u<T—T>+%<1—v>203<T—T>2—v<1—v>2—2<T—r>>
-
— Pr <c1> (G0, 7) (1 = ) e~ (TDHT=)= 51203 (T—1)* +9(1) G (T=7) 6c>
= (1—7) o’
= prfe<tog@@ =) - 0= )u -0 - SRR - T )

which leads to (B61).

To compute asset prices, we first consider the dynamics of the stochastic discount factor.
The analysis is similar to above, except that market participants do not decide whether to
change policy or not. Let

W (B, Gi,t) = E; [By |7 > t] .

For t € [1;, T;41), market participants know there are no policy decisions, and therefore

oW oW oW . 10°W s LW W ~
0= W+8—BtEt [dBt]_l—a—Z]\tEt [dgt]+§8—BfEt [dBt}+§8—§tzEt [dgt} +mEt [dBtdgt] .

When a policy change occurs at 7 = 7,41, then

W (B;,7) = E:[B;"|Change at 7] = E: [B;“’e—%wm)<T—T>+v§<T—T>—w<ZT—ZT>

2 2 2
B—’\/e—’\/p(T—T)-l-%“{z (T—7)2024y% (T—7)+ %0 (T—7) B—'\/e—'\/p(T—T)-l-%VZ(T—T)ZO'S-F“/(“H-D%(T—T)
T T

Thus, W (B, gi,t) for t € |1, 7;41) has the following final condition at 7 = 7;41:

w (Br—,ﬁr—ﬁ—) = pT_W (BT7T) + (1 - pT—) w (BT7/g\T7T) .
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The final condition at 7" is W (Br, gr,T) = B;".

We conjecture
w (Bta/g\tat) = Bt_ﬁ/F (/g\tat) ;

so that
oW _OF (gi,t) OW _OF (gi,t) OW N
— B U — B U = —~B, 7 F (g, 1) ;
at t at ) a/g\t t a/g\t ) aBt ’y t (gt7 ) )
O*W o O*W _O°F (gi,t) O°W 1 OF (G, 1)
— = 1) B 7 2F (G, 1) — = B, LR = Bt T
aBtg ’}/(f}/_I_ ) t (gt7 )? a/g\tg t a/g\tg ’aBta/g\t ’y t a/g\t

Substituting these expressions and the expectations in the PDE as in the proof of Proposition
A3, we obtain the first PDE in the claim of the proposition. The boundary condition also
follows from the conjectured solution.

Similarly, for the numerator of the pricing formula M/ = E,[rpB}] /7, we must compute
Q (B{, B Git) = E¢ [BEB | > 1] .
For t € [1;, T;41), market participants know there are no policy decisions, and therefore

0Q 0Q 0Q -0Q . . 19%Q
= 4 Y FldB]+ —%F [dB/] + =XE X
0 o T 9B, [dBy] + o5 [dB]] + 7 [dgy] + 208

19%Q ¢ 9*Q . 9°Q 2 9*Q
——2F [dg?] + —=-F [dB,dg,] + E [dBldg,| + —
2ag 90+ e g, 1Bl 05,08 (Bt dgi] 0BIOB,

2 0 )2
E[dB?] + %a(B%QE 4 (B)’]

E [dBdB]] .

When a policy change occurs at 7, then

Q (B!, B;,7) = E.|BJB;"|Change at 7|

- B, [ Bﬁ g (=) Lo2(T—t)— 303 (T—t)+o(Zr—2)+o1 (23— 2]) v

w B¢ i4g" ) (T =) 47 5 (T =) =0(Zr—Z7)

_ B [Bie 3ot @ntoi(25-2]) o g1 -n(ata ) T -r) (-1 G (T=7)+(1=7)o(Zr~Z7)

_ I B Ame@ =) (1= (T =P+ (=) G (T =)+ (1) 0 (T—7)

—  BIB I ) TPl - ()y G (1)

Thus, Q (B, gt,t) for t € [1;, 7;41) has the following final condition at 7 = 7;41:
Q (qu;—> BT—a/g\T—>T_) = pﬂ'—@ (qu—> BﬂT) + (1 - pT—) Q (qu—> BT>/g\T>T) .

We conjecture ' '
Q (B!, Bi,Git) = B/B,"Q(Gi, ) ,
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so that

0Q 1y OS2 (gi, ) 0Q 1y OS2 (gi, 1) 0Q 1y [~ 0Q ey~
— pBip™ Y. — pip—™ Y. — _~pip™ . _ ¥
ot t Pt ot ’aﬁt t Py 03, ' OB, YD Dy Q(gtat)aaBg B, Q(9t>t)
9’Q 2 o~y 0@ ey 02 (G t) 0°Q ey—1 0 (Gt )
— = 1) B!B, 770 — =PRB/B," > /. = BB T — 2
aBtg ’Y(V‘l‘ ) t Dy (gtat)ﬂ 8@52 t Dy 8@52 ’8Bt8§t YDy Dy 03,
2 2 2 ~
a Q _ a Q _ _fth—“/—IQ (/g\t,t) a Q _ B—“/aQ (gt7t) ]

0; ——-— sy Poull =
0 (B)? OBIOB, oBlog, = OG

Substituting in the PDE, we obtain

09 (g, t 1) (4 5 0 (G G:) B!
OI1) L pi B0 (Giut) (1 + 5) B+ B Gnt) (4 ) B

ot
) , R 1 0%Q(Gi,t) .
3 0 ) BB @0 08 + 3B A @27
9t

0 = B/B

2
oQ (/g\h t)

. QO (a
_fyBgBt—“/—l 0 (gt> t) a\?Bt + Bt—“f =
Gt

2% 6;B] — B, "'Q (G, t) 0’ BB, ,
gt

where we also used
E,[dB]] = (n+a)Bl; E,[dB]dg,] =5}B]; E,[dB]dB,| = 0*B]B,

The second PDE in Proposition A4 then follows after some algebraic manipulations. The
boundary condition also follows from the conjecture solution.

Extension: Investment Adjustment.

Proposition 9. In equilibrium at time 7, a randomly-selected fraction o, € [0,1] of firms
continue investing in their risky technologies, while the remaining firms disinvest and park
their capital in the risk-free technology. The government changes its policy if and only if

9 < glcaq) (B62)

where for given (c, o) the threshold g (c, o) satisfies the equation
e Br [Jare™ 0D 1 (1= )] 7] = Br [[are "™ + (1= ap)] | (B63)
where
gV~ N((u—“;) (T —71),00(T —7)*+0° (T—T)) (B64)
g9 ~ N ((,u + g(c, o) — %) (T —71),62(T —7)° + 0% (T — 7‘)) (B65)
and the equilibrium value of oy is described below.
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We prove Proposition 9 together with the following statement from the text of the paper:

Statement from the text: If firm i decides at time 7 to remain invested in its risky
technology, its market value right after time 7 is given by
B, [0 [are”0T) 4 (1-a7)] 7]
E.. Hafefyes(f’“ +(1—a7)]ﬂ]
E. [eEnO(T’T) [afesno(T’T)-l'(l—a-r)] 7W]
| D [[aTeE”O(T’T) +(1—a7)]7w]

MM = B, if policy changes

T
M, =

M- = Bi n if policy does not change
(B66)

Right before time 7, the market value of firm i is given by a weighted average of M>¥** and

Mﬁfa as in equation (B21), except that the weights w, are given by
Pr
wr = , (B67)
Dr + (1 - pT)HT

where
E'T { [OZT6€nO(T’T) _I_ (1 _ Oéq—):| _'\/}
E. {Jare™ =D + (1 - a,)] "}

and p; is the probability of a policy change as perceived just before time 7 (i.e., the probability
that the condition (B62) holds).

H, =

The condition for equilibrium with 0 < o, < 1:1

Mi yes ]\4Z no
l=w, (—TJ’) +(1—w,) ( .T+) (B68)
Bi,

Proof of Proposition 9: We proceed in a few steps.

Lemma A6. Let a, be the fraction of firms, chosen at random, that at 7 choose the
investment in the risky technology. In this case, aggregate capital at T is

& _ aTe(wg— %) (T—1)+0(Zr—2Z-)

t(1-a) , (B69)

T

new old

where g = ¢™*" if a policy change occurs at 7, and g = ¢°“ otherwise.

Proof of Lemma A6: Without loss of generality, let the firms randomly choosing the risky
technology fall in the interval [0, a;]. The capital evolution of each individual firm is given
by (B9). If a firm chooses the riskless technology instead, then Bi = B. Tt follows that
aggregate capital at time 7T is

1 ar - . . 1
By = / Bidi = / Bi6(p+g)(T—7)—é(T—T)Jra(ZT—ZT)—;(T—T)Jral(ZZT—Z;)dZ. +/ Bidi
0 0 ar

ar . . 1
_ ) (T—r) =B (T—r)o(Zr27) - G (1) / Bien(#-21) g; 4 / Bidi

0 or

!The same condition is obtained as a first-order condition in an alternative formulation of the problem
in which a social planner chooses «; to maximize the investors’ expected utility. See Lemma A8 below.
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old new

where g = ¢”? if there is no policy change at time 7, but g = ¢ if there is one. Applying

the law of large numbers, we obtain
/ TBjegl(ZiT—Zi)dz' - a, {i/ Tgieal(ZiT—Zi)di] — o E [Bieal(z;_z;)}
0 ar Jo
— o.E[B]E [em(z%—zﬂ — o, B [Bi] 30T

Similarly,
1

—

1
/ Bidi = (1—ay) -

Substituting, we obtain

1
/ Bldi=(1—o;)E[Bl] .

. 0-2
Br=E [B] [%6(#9)@—7)—7<T—r>+a<zT—zT> (- QT)} ,

Using the same logic, the law of large numbers also implies that E[B:] = B,, concluding the
proof of Lemma, AG.

Q.E.D. (Lemma A6)
Lemma A7: The government changes its policy if and only if
gr < glc,az) , (B70)
where the threshold g (c, o) is in the claim of Proposition 9.

Proof of Lemma A7. Given the equilibrium level of firms «,, the government changes
policy if and only if

CB;”’ By
E { 1 T |Policy Change] > F L T _|No Policy Change] . (B71)
-7 -7

Given the aggregate capital in Lemma A6, from the perspective of all agents in the economy;,
the exponent in the first term on the right-hand side of (B69) has the following distribution:

(k+9-F )@= 4oz-2) -

2
e(r.T) ~ N (4G = §)(T = 7).64T = 7) +0%T 7)) if no policy change
| D AN (0 T =) 0UT =7+ 0%T 7)) i policy change

Using this distribution, condition (B71) is then the same as
°E, [[aTeEy““vT) +(1-a)] 1‘"’} <E, [[aTeem(TvT) +(1—ay)] 1‘"’} (B72)

where '
e (r,T)~ N <,u€ (95, T —7T),0¢ (aiz,T - 7‘)2) (B73)
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with

=1 = (wra-%)@-m; (B74)
Oe (U?,T—T)z = (T—-1)V0o2+0*(T—-7) (B75)

2

fOI‘ t=Yyes,no and Gno = Gr; Opo = 0py gyes = 07 o

_ 2
yes — Jg-

For given (¢, o, ) , with o > 0, condition (B72) determines a cutoff rule, as the left-hand-
side is a constant, while the right-hand-side decreases with g.. Let g (c, ;) be the threshold
that solves the equation

e“E, [[aTeeyes(T’T) +(1— aT)}l_q =F. [[aTeeg(T’T) +(1—- aT)}l_q

where €9 (7,T) is as in (B73) but with ¢' = g (¢, ;) and o7 = ¢2,. We then have that (B72)
is satisfied if and only if g, < g (c, o).

Q.E.D (Lemma AT)

Turning to prices, we first obtain the state price density at 7+, an instant after the policy
decision has been made. Given the aggregate capital in Lemma A6, we have

% = Bl Ery (0D + 1 — o) if policy change

- (B76)

Tt no - . .
™9 = B Fry | (are™ ™1 41— ) "1 if no policy change

where £'(7,T) are given in (B73).

The value of firm i that chooses the risky technology is given by M!, = E,. [Bimr| /74
The numerator is equal to

Ml 7 = E. [rrBj]

B2 [anctmmi el 2) 4 (o))

e ET+ ) 0_2 e e o'% i i
< B:—+6(H+g)(T—T)— e (T—1)+0(Zr—Z7 ) - F(T—7)+01 (20— 21)

Because (Z% — Z!) is independent of all the other random variables, upon taking expectation,
we obtain

BBi, E ee?e(r.T) [aTeey“(ﬂT) +(1- aT)} _q if policy changes

BB, E,, ee™(r.T) [aTee’w(TvT) +(1— aT)] _q if policy does not change

(B77)
where €¥**(7,T) and €"°(7,T') are defined in (B73). Equation (B66) follows from (B77) and
(B76).

E.. [mrB}] =

Finally, we compute market values at time 7 right before the policy decision is taken.
Given the equilibrium function g(c, o), let the probability of a policy change be

2
pr = Pr (Z]\T < g(c, O‘T)|§T>O‘T) = / Ge (CS _&’0.02) dc .
- c:gr<g(c,ar) 2
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Using the law of iterated expectations, we obtain

Tr = pﬂ'ﬂ-gf + (1 - pT)Tr:—L—OI— (B78)
E, [mrBy] = prE-y [7rBilyes] + (1 — p;)Ery [mrBi|no] (B79)

where E,; [rrBh|yes| and E, [rrBir|no] are given in (B77). We then obtain the market
value right before the decision at time 7:
E; [rrBy] _ prEry [rrBilyes] + (1 — pr) Ery [rrBip|no]

T pﬂ—ﬂgf + (1 - pﬂ')Tr:—L—OI—

pT%?yes]_l_(l_

M =

s B [m2 By ino]
)7V
,ﬂ_no
pr+(1— ]%)#{s
WM (1)

no
7T7_+

where w is in (B67) with H = :51

T+

We finally obtain the equilibrium condition for a Nash Equilibrium. A firm that chooses

the riskless technology has B% = B! and thus a market price M! = BelrrBy] _ B ETET] =

Tr

Bi. Thus, a value-maximizing manager strictly prefers the risky technology if and only if
M! > B!. For there to be an equilibrium with a fraction ., of firms chosing the risky

A;T = 1, otherwise all firms would opt
for either the risky or the riskless technology. From the pricing formula of stocks (B66), and
because B, = B, (capital does not jump at the announcement), this indifference condition

implies condition (B68).

technology, we must have the indifference condition

To summarize, the Nash equilibrium is as follows: Given g, let there be a, such that
condition (B68) is satisfied. Given that the fraction «, of firms choose the risky technology,
let g(c, a;) be the solution to equation (B63). The government changes its policy if and only
if §» < g(c, o). Given this policy function of the government, the equilibrium o, must be
consistent with p, = Pr @T < g(e, aT)), which affects M!/B? and thus also the equilibrium
condition (B68).

QED (Proposition 9)

Lemma A8: The equilibrium condition (B68), obtained in a setting in which firms maximize
their market values, is equivalent to a first-order condition in an alternative setting in which
a social planner chooses o, to maximize the investors’ expected utility.

Proof of Lemma A8. Consider a social planner /representative manager who can choose at
time 7 how much investment in physical capital to make. Specifically, this manager chooses
the fraction a, of firms that will invest in the risky technology. Physical investments are
irreversible and the decision is made without knowing whether the government will change
its policy (as in the paper). The representative manager decides according to

By By B
max F, ( A ) = max p,E; ( A |yes> +(1—p;) E; ( A |n0) ,
ar 1— y ar 1 — ¥ 1— v
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where

BT|yes = B, (Oéq—eeyes(tj) + (1 - 047-))
BT|no - BT (aTee’w(t,T) + (1 - Oéq—))

and where ¥ (¢,T) and €™ (t,T) are defined in the paper. Substitute

max F.

ar

(B;—”) B~ prE; ((aTefy““’” +(1- aﬁ)w)
l—v) 1-79) +(1-p)E; ((%65"0“’” + (1~ ar))w)

Assuming an interior solution 0 < «, < 1, the FOC with respect to «a, is
0 = poB [(are” D £ (1= )7 (0D~ 1)]
(1= p) B, (06”00 4 (1 = 0,)) 7 (6T < 1)]
or, equivalently,

pTET [(aTeeyes(t,T) + (1 . OzT))_q + (1 —pT)ET [(aTegno(t,T) + (1 . QT))—V}

= p.E. [(aTeeyes(t,T) + (1 _ aT))_V 6eyes(t,T)} + (1 _ pT) E, [(aTee’w(t,T) + (1 _ aT))‘V 65”0(t,T)}
or, equivalently,

p-E- [(aTeeyes(t’T) + (1 — aT))_7 eeyes(th)} +(1—p.)E; [(aTeE”O(th) + (1 — aT))_7 eE”O(tT)}

1 =
2B (o 0+ (1] = (1= B [l = (1= )]

This is the same condition as in the paper, where a, is chosen as a Nash equilibrium in
M 1
z =1.

B:

QED (Lemma AS)

which all firms have
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