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Appendix A Proofs of Analytical Results
Appendix A.1 Proofs of Analytical Results in §3 and §4

Proof of Lemma 1. According to the formulation of farmers’ utility u(i|x) defined in §3, for
any given planting amount x, a higher production cost h; leads to a lower utility. Therefore, in
equilibrium, it must be farmers with lower h; who choose to plant, and those with higher h; who
choose to not plant. Then, if = 0 is an equilibrium planting amount, we must have u(0/0) <0 (i.e.,
the utility of the lowest cost farmer is non-positive when no one plants); if z =1 is an equilibrium
planting amount, we must have u(1|1) > 0 (i.e., the utility of the highest cost farmer is non-negative
when everyone plants); if x € (0,1) is an equilibrium planting amount, we must have u(x|z) =0
(i.e., the farmer whose planting cost is zc is indifferent between planting and not planting). We
derive the equilibrium planting amount and its closed-form expression in the following two steps:

Step 1: We show that there is a unique positive solution to u(z|x) =0, which lies in (0,1). To
do so, it is sufficient to prove the following three parts: (i) u(x|z) strictly decreases in z for z >0,
(ii) u(0|0) > 0, and (iii) u(1|1) <O0.

First, for part (i), recall that the yield of any farmer i is Y; =Y +¢;, where ¢; has mean zero and
is independent of Y, and Y takes values y+ ¢ and p — o, each with probability % Besides, recall
that Ry (x) =[a —bx(u+0)](u+ o) (expected revenue from selling the crop when Y =+ o) and
Ry (z)=[a—bx(u—0)](1t— o) (expected revenue from selling the crop when Y =y — o). Then,

E[r(z|x)] = %RH(:L’) + %RL(x) —ze=ap—bx(u® +0%) —xc

Var[r(z|z)] = i(RH(x) — Ry (x))*+ Var[(a — bz} )e;]

= (ao — 2bzpo)® + (a® — 2abzp + b*a* (p° + 0%)) o7 (A.1)
Plugging these into the expression of u(z|x) introduced in §3, we have

u(z|z) =ap—bx(p® + 0%) —xc— X [(ao — 2bzpo)® + (a® — 2abap + b*2* (1° + 0%)) 07|

= —apx® — Box — Yo, (A.2)
where ag = 4\b? 202 + \b? (u? +02)02, By = b(p? + 02) + ¢ — 4 abpo? — 2 abpo?, and vy = Aa?(0? +

%) —ap.



Clearly, we have o > 0. Thus, from Equation (A.2), u(x|z) is a quadratic concave function in z.
Moreover, since ¢ > ¢; > 4 abo? i+ 2 abuc? — b(pu? + o?) as discussed in §3, we have 8, > 0. Hence,
u(z|z) strictly decreases in x for z > 0.

Second, for part (ii), since A < as discussed in §3, we have u(0]|0) = —v, > 0.

u
a(o2+02)
Finally, for part (iii), since ¢ > ¢; > au—b(u?+0?) — A((ac —2bpo)? + (a® — 2abp+ b*(u* +02))o?),
we have u(1|1) <0.
Collectively, we conclude that there must exist a unique positive solution to u(z|x) =0 in (0,1),

which we denote as &y. From Equation (A.2), we have &y = “hoty a0t ”;ioz_w €(0,1).

Step 2: We show that there is a unique equilibrium planting amount =} = &, € (0,1), where Z
is the unique positive solution to u(z|z) = 0. Since we have shown in Step 1 that «(0[0) >0 and
u(1]1) < 0, based on the discussion at the beginning of this proof, neither z =0 nor x =1 is an
equilibrium planting amount. Moreover, we have shown in Step 1 that &, € (0,1) is the unique
positive solution to w(z|x) = 0. Therefore, &, is the only possible candidate for an equilibrium
amount. It remains to prove that Z, is an equilibrium planting amount.

Suppose the planting amount is given by x = Z, (i.e., all farmers whose production cost is lower
than Zyc plant, while all farmers whose production cost is higher than Zgc do not plant). Then,
because u(zo|Zo) =0, no farmer with a production cost lower than Z,c would deviate from planting
because they have a positive utility from planting; similarly, no farmer with a production cost
higher than Zyc would deviate from not planting because they have a negative utility from planting.

Hence, z, is an equilibrium planting amount, which completes the proof. [

Proof of Lemma 2. We first prove this lemma by considering s € [0, 2ac], and at the end of the
proof, we show § < 2ao. Following the same logic as in the proof of Lemma 1, given s € [0,2a0], if
x=0,z=1,or x € (0,1) is an equilibrium planting amount, we must have u(0]0,s) <0, u(1]1,s) >
0 or u(z|z,s) = 0 respectively. We derive the equilibrium planting amount and its closed-form
expression in the following two steps:

Step 1: We show that, given s € [0,2ac], there is a unique positive solution to u(z|z,s) = 0.
To do so, it is sufficient to prove the following three parts for any given s € [0,2a0]: (i) u(z|z,s)
strictly decreases in z for >0, (ii) «(0|0,s) >0 and (iii) u(z|z,s) <0 for some z > 0.

First, for part (i), recall that Ry (x) =[a —bz(n+ 0)](p+ o) (expected revenue from selling the
crop when Y =pu+0) and Ry (z) =[a —bx(u—o0)|(n — o) (expected revenue from selling the crop

when Y = 1 — o). Then, based on the expression of 7(i|x, s) in §3, we have

1 1 1 1
E[r(z|z,s)] = iRH($) + 5RL($) —zetgs=ap— br(p? +0%) — ze+ 38

Var[n(z|z, s)] =Var[(a — bzY)Y + sI — zc] + Var[(a — bz} )¢;]



+2Cov ((a —bzY)Y + sl — xc, (a— bxY)e;)

=Var[(a — bzY)Y]| + Var[sI] 4+ 2Cov((a — bz Y)Y, sI) + Var[(a — bz} )e;]

= (Bu(a) ~ Ru(@))? + 35" s (r - ;) (Ru(x) — Ru(2))

+ (a® = 2abzp + b°2* (1 + 07)) o7 (A.3)
=(ac — 2bxuoc)? + 252 -5 (r - ;) (2a0 — 4bx o)

+ (a® = 2abzp + b°2* (1 + 07)) o2, (A.4)

where the second equality holds because ¢; is independent of Y and I. Plugging these into the

expression of u(z|z,s) in §3, we have

1
u(x|x,s) =ap — br(u® +0°) + s —xc

2
1 1
— X | (a0 —2bzpo)? + 182 -8 (r - 2) (2a0 — dbzpo) + (a® — 2abzp + b*a* (p° + 0%)) o7
— —aa® — B(s)z—(s), (A5)

where o = 4\b? 1% 0% + A0* (p? + 02)0?, B(s) = b(p* + 02) + ¢ — dXabpo® — 2Xabuo? +4Xb(r — 3)pos,
and (s) = Xa*(0® +02) —ap— 2 a(r — 3)os — 25+ T As”.
Clearly, we have o = ag > 0. Thus, from Equation (A.5), u(z|z, s) is a quadratic concave function

in x. Moreover, we have 3(s) = By 4+ 4\b(r — 3)pos > 0, where the inequality holds because we

1

consider 7 > 3

and we have shown £y > 0 in the proof of Lemma 1. Therefore, we must have that
u(z|z,s) strictly decreases in x for x > 0 for any given s € [0,2ac].

Second, for part (ii), we have u(0|0,s) = —y(s) from Equation (A.5). Thus, for any given s €
[0,2a0], in order to prove that «(0]|0,s) > 0, it is equivalent to proving that v(s) < 0. Further, since
we have that v(s) is a quadratic convex function of s and we also have that v(0) =, < 0 from the
proof of Lemma 1, in order to prove that v(s) <0 for any given s € [0,2a0], it remains to prove
that v(2ac) < 0. From the expression of y(s), we have
v(2a0) = Aa*(0* + 02) — ap — 2 a(r — %)O‘(?CLO’) — %(2&0) + i)x(2acr)2

<2X\a’*0’ + Ao’ — ap — aoc

<0,

where the first inequality holds because we consider r > %, and the second inequality holds because
we consider A < % Therefore, for any given s € [0, 2a0], we have u(0|0, s) > 0.

Finally, for part (iii), from Equation (A.5), we have that u(z|z, s) is a quadratic concave function.

Thus, there must exist > 0 such that u(x|z,s) <O0.



Collectively, we conclude that given s € [0, 2a0], there must exist a unique positive solution to

u(x|x,s) =0, which we denote as Z(s). From Equation (A.5), we have

i’(S) _ _/8(8) + 52(8) — 404")/(3) ] (AG)

2

Step 2: We show that given s € [0,2a0], there is a unique equilibrium planting amount z*(s) =
min{Z(s), 1} € (0,1], where #(s) is the unique positive solution to wu(z|x,s) = 0. For any given
s €[0,2ac], we have shown in Step 1 that «(0]0,s) > 0, so based on the discussion at the beginning
of this proof, x =0 cannot be an equilibrium planting amount. Then, it remains to check whether
x =1 or x=2(s) is an equilibrium amount.

Consider any s € [0,2ac0]. If &(s) > 1, then, since u(z|x,s) strictly decreases in z, we have
u(1]1,s) > 0. In this case, the equilibrium planting amount is given by x*(s) = 1 because all farmers
have a positive utility from planting given that all other farmers also plant, and thus no one would
deviate. On the other hand, if Z(s) € (0,1), then, following the same logic as in Step 2 of the proof
of Lemma 1, we have that the equilibrium planting amount is z*(s) = Z(s). Collectively, we have
that there is a unique equilibrium planting amount given by z*(s) = min{z(s), 1} € (0,1].

Next, we prove that § <2ac. Recall that 5 is defined as the lowest subsidy amount that satisfies

Rp(xz*(s))+s> Ru(x*(s)). Thus, for any s € [0, 5], we have Ry (z*(s))+s < Ry(x*(s)), and thus
s < Rg(z*(s)) — Rp(x*(s)) = 2a0 — 4buoz™(s) < 2ao,

where the last inequality holds because z*(s) > 0. Hence, we have 5§ < 2ao.

Finally, we prove that there exists a threshold ¢, such that if ¢ > ¢,, then for any given s € [0, 5],
the equilibrium planting amount is z*(s) = Z(s) € (0,1). To do so, based on the discussion in Step
2, it is sufficient to prove that there exists a threshold ¢, such that if ¢ > ¢y, then u(1]1,s) <0 for

any s € [0, 5]. From Equation (A.5), we have

1
u(1|1,8) =ap —b(p?* + o) + 35—¢

1 1
-\ | (a0 —2buo)* + 152 -5 (7“ — 2) (2a0 — 4bpo) + (a® — 2abp + b*(u* + %)) o7 | .

From its expression, we have that u(1|1, s) linearly decreases in ¢. Moreover, it is easy to check that
for any s € [0, 5], u(1]1,s) is bounded above by a positive constant independent of s. Therefore,

there must exist a threshold ¢, such that if ¢ > ¢y, then u(1|1,s) <0 for any s €[0,5]. O

Before we proceed to prove Proposition 1, we first prove two auxiliary lemmas which serve as
important building blocks for proving the rest of our results. Lemma A.1 introduces a connection
between the first derivative of the equilibrium planting amount z*(s) and the first derivative of
farmers’ utility w(z|z,s) at x = x*(s), with respect to any parameter in our model. Lemma A.2

characterizes the concavity of the equilibrium planting amount z*(s) in the subsidy s.



Lemma A.1. Let n be one of the parameters in the model (n can represent s, r, o, A, etc.). For

any s € [0, 3], a%x*(s) has the same sign as %u(m|x,s)|mzx*(s).

Proof of Lemma A.1. Consider a fixed s € [0, §]. Since we consider ¢ > ¢,, from Lemma 2, we
know that z*(s) satisfies the equation u(z*(s)|z*(s),s) = 0. By taking the derivative of both sides

of this equation with respect to 7, we have

0 0

—u(x|z,s X —x u(x|x, s =0. A7

az@lzs)| an “(s)+ o w@les)| _ ., (A7)
From Equation (A.5), we know that u(x|z,s) is a quadratic concave function in x. Since x*(s) is
the larger root of u(z*(s)|z*(s),s) =0 by Lemma 2, we have Zu(z|z,s)|s—z+(s) < 0. Putting this

into Equation (A.7), we conclude that a—nu(aﬂx, 5)|s=a*(s) has the same sign as a%x (s). O

Lemma A.2. For any s €0,5], %x*(s) < 0. Moreover, %x*(s)\szo > 0.

Proof of Lemma A.2. First, we prove that 08—22:6*( ) < 0. Since we consider ¢ > ¢y, by Lemma 2,

S —B(s)+v/ /32( )—4day(s)

we have z*(s) = 2(s) =

. Based on the expressions of «, (s) and 7y(s) in Lemma
2, we have that « is mdependent of s, B(s) is linear in s and $*(s) — 4ay(s) is a quadratic concave
function in s as we consider r € [3,1]. Moreover, the second derivative of 52(s) — 4ay(s) implies
that it is not the square of an affine function in s. Since the square root function (i.e., v/*) is a
concave and increasing function, x*(s) is a strictly concave function in s. Thus, %x*(s) <0.
Next, we prove that 2z*(s)|,—o > 0. By Lemma 1, we have 2*(0) =z} = #(0). Then, according

to Lemma A.1, 227(s)|,—o has the same sign as Zu(z|z,s)|.— —a7,5=0- We have

89

gele] =5+ (r- ) (o) - mata

z:rz‘),s:o

Since we consider 7 > 1 and Ry (x§) > Ry (z}) (i-e., high-yield revenue is not lower than low-yield

revenue without any subsidy), we have Zu(z|z, 8)|z=az,s=0 > 0. Thus, L7 (s)]s=0>0. O

Proof of Proposition 1. According to Lemma A.2, x*(s) is strictly concave in s. Since s; =
argmax z*(s), we have that x*(s) increases in s if and only if s < s;. Then, it is sufficient to prove
tﬁzi[toyz]here exists a threshold r; such that if » <r;, we have s; < § and s; increases in r; if » > rq,
we have s; = 5. We prove these results in the following three steps:

Step 1: We prove that for any given r € [%, 1], if s; < 5, then s; strictly increases in r. According
to Lemma A.2, 2*(s) is strictly concave in s. Thus, given s; < §, we must have Za*(s)|,—s, = 0.
Then, to prove that s; increases in 7, it is sufficient to prove that 37 BTJJ*(S)|5:S1 > 0.

By taking the derivative of both sides of Equation (A.7) with respect to r and substituting the

subsidy amount s for 7, we have

0? 0 0? o .,
<ax2u($|x,s) —z"(s) + 3x8ru($|x’8) m_ﬂ(ﬂ)ﬁ_ﬂ) 552 (s)

r=x*(s1),5=81 or s=s1 s=s1



) o o2 o .
+ %U(xpj’ S) r=x*(s1),5=81 38(9Tx (8) s=s1 + 3x85u<x|$’ 8) x:x*(51)75251§ (8) s=s1
82
=0.
+ asaTU(x’x7 S) r=x*(s1),s=s1
Because 22*(s)]s—s; =0, the first term vanishes and the above equation is reduced to
) o o2 B
%U(x‘l"(s} r=x*(s1),5=81 3537‘$ (S) s=s1 + a.’L‘aSu<I|x’S) r=z*(s1),5=81 (97“x (S) s=s1
2
=0. A8
* aSaTU(x|x7 8) x=1*(s1),5=51 ( )

In addition, as discussed in the proof of Lemma A.l, we have Zu(z|z,s)|smprs) <
0. Therefore, in order to prove that 8‘98 z*(s)|s=s, > 0, it is sufficient to prove that

2 2
agasu($|$7s)|$:$*(81)75 s1 aar *(S)|S st a?ar ( |x’5)’w—x*(sl) s=s1 > 0.

u(z|z, s) = —4Xb(r — $)op and 2-u(z|z, s) = ARy (z) —

From Equation (A.5), we can get

8%89
Ry (x)). From Equation (A.7), we have

9 .o _Oulzlz,s)/Or _ As[Ru(a"(s)) = Re(27(s))] _ As[Ru(2"(s)) — Rp(z*(s))]

S (s) = - : =

or ou(z|x,s)/0x la=a*(s) 2az*(s) + B(s) 52(s) — 4ay(s)
where the third equality follows from substituting the expression in Equation (A.6) for z*(s). Then,
0

— (S
r=x*(s1),5= 5187" ( )

=AlRu (2" (1)) — R (2" (s1))] [1 -

62

505 L&)

2
5=s1 + 8387"
ANb(r — 3)opus ]

u(x|z,s)

z=3*(s1),5=51

(A.9)

\/ﬁ2 (s1) —4ay(s1)
Since we consider s € [0,5] and 5 is the lowest subsidy amount that satisfies Ry (z*(s)) + s >
Ry(z*(s)), we have Ry(x*(s)) — Rp(z*(s)) > s >0 for all s € [0,5]. Then, the right hand side of
Equation (A.9) is positive if and only if \/B?(s1) —4ay(s1) > 4\b(r — L)opus:.

s=s1

By the definition of s;, we have

0

) 1
%95 (s)

s=s1 20[

0(p%(s) —4ay(s))/0s
B2(s) — day(s)

( AND(r — ;)au+

and thus

b — Lyop = A 401 (5)) /05

2T T /) dan(s) e
Multiplying both sides of the equation above by s;, we have
1 2(s)—4
AND(r — =)ous; = 9(B(s) — 4ar(s)) /05 X 87. (A.10)
2 2y/B%(s) —day(s) ls=s

Further, as shown in the proof of Lemma A.2, 8%(s) — 4ay(s) is concave in s and increasing in s

at s =0, which implies that

[8%(51) — 4ay(s1)] — [6%(0) — day(0)] = (52( ) —4day(s))

§=S81



We also have 5%(0) — 4ay(0) = 83 — dapyo > 0 as shown in the proof of Lemma 1. Therefore,

(8%(s) — 4ay(s))/0s
2/ 32(s) —4ary(s)

By combining (A.10) and (A.11), we have +/B2(si)—day(s)) > 4\b(r — L)uos;, and thus

82
0sOr

VB (s1) — day(s1) > 0

X 87. (All)

8§=81

x*(8)]s=s, > 0, which implies that s; strictly increases in .

Step 2: We prove that if s; = § under some r € [%, 1], then we have s; = 5 under any higher
index accuracy. Let r; € [%, 1] denote the lowest index accuracy under which s; =5 (we prove the
existence of such 7, in Step 3). Then, it is sufficient to prove that we have s; = s for any r > ry.

A _ —B(s)+/ B2 (s)—dan(s
) - 20

Recall from Lemma 2 that z*(s) = (s ) As shown in the proof of Lemma

A.2, we have that §(s) is linearly increasing in s, 8%(s) —4ay(s) is a quadratic concave function
in s, and Z(s) is increasing in s when s = 0. Therefore, there must exist a threshold, denoted as 3,
such that 2#(s)|,—s =0 and Z(s) increases in s if and only if s < 3. By the definition of r;, when
r <ri, we must have s; < 5. Therefore, we have s; =5 < § when r < r;.

Then, to prove the conclusion of this step, it is sufficient to prove that if » > r;, then § > s.
Therefore, it is sufficient to prove that for any given r such that § = 5, we have %:? >( and %5 <0.

Following the analysis in Step 1, we have that, whenever § < 5, § strictly increases in r. Thus,
it remains to prove 25 <0 when § = 5. Since z*(s) is continuous in s, Ry (z*(s)) — Rp(z*(s))
must also be continuous in s. Moreover, when s =0, we assumed that Rg(z*(s)) — Rp(z*(s)) > s
(i.e., Ry(z*(0)) — R (z*(0)) > 0); when s = 2ao, we have shown in the proof of Lemma 2 that
Ry(x*(s)) — Rp(z*(s)) < s (i.e., Ry(z*(2a0)) — Ri(2*(2a0)) < 2ac). Recall that 5 is the lowest
subsidy amount that satisfies Ry (x*(s)) +s> Ry (x*(s)). Thus, we have

W]

=Ry (z*(5)) — Rp(z"(5)) = 2a0 — 4buoz™(s). (A.12)

Then, we take the derivative of both sides of Equation (A.12) with respect to r, and have

0 0 0 0

—s5=—4b —x" —x" —35 . A.13

ar’ ad <8rx () s:§+ s () 5_507“5) ( )
When 5 =3, we have %x*(s)\szg = 0. Thus, in order to prove that %E <0 when § = 3, it remains

to prove that 2z*(s)|.—s > 0.
For any s € [0,5], by Lemma A.1, Z2*(s) and Zu(x|, s)|,—s+(s) have the same sign. We have
a * *
5y u(zlz,s) = As[Ru(27(s)) — Rp(z7(s))].
r r=x*(s)
Since we consider s € [0,5], we have Ry (z*(s)) — Rp(2*(s)) > s > 0. Thus, Zu(x|z, s)|s—ur(s) >0,
which implies

Ew*(s) > 0. (A.14)



Then, we have Zx*(s)|,—s > 0. Therefore, by Equation (A.13), £5<0 when §=3s.

Step 3: We prove the existence of r; € [%, 1], where 7, is defined in Step 2, and we also prove
that r; < 1. We first prove that such r; € [%, 1] exists. To do so, it is sufficient to prove that when
r =1, we have s; = 5. We prove this result by contradiction. Consider r = 1. Suppose s; < 5. Then,

based on the definition of s, we have s; < Ry(x*(s1)) — Ri(z*(s1)). On the other hand, since

$1 < 5, as discussed in Step 1, we have %x*(s)\szsl = 0. Then, according to Lemma A.1, we have
%u(x\a:, 5)|s=a*(s1),5=s; = 0, which is equivalent to
1 1 . .
31:X+2(7’—§)[RH($ (s1)) — Rr(z*(s1))]- (A.15)

Plugging r = 1 into the above inequality, we have s; = + + Ry (x*(s1)) — Rp(2*(s1)) > Ry (x*(s1)) —
Ry (xz*(s1)), which leads to a contradiction. Thus, we have s; =§ when r = 1.

Next, we prove that r; <1 by contradiction. Suppose r; = 1. Then, as discussed in Step 2, we
have s; =§ =35 when r =r; = 1. By the definition of § in Step 2, we have %x*(sﬂszsl =0. Then,
as shown above, we have s; > Ry (z*(s1)) — Rp(2*(s1)), which contradicts s; = 5.

Collectively, putting together all three steps, we have that, there exists a threshold r; € [%, 1)

such that when r < r{, we have s; < 5 and s; increases in r; when r > ry, we have s; =5. [

Proof of Proposition 2. To prove this proposition, we first prove that the variance of farmer
income is strictly convex in s. From Equation (A.3), the variance of farmer income is independent
of h; and thus is the same for all farmers who plant. Thus, we only need to consider the farmer
with production cost z*(s)c and show that Var|[m(z*(s)|z*(s), s)] is strictly convex in s.

According to Lemma 2, when ¢ > ¢,, we have u(z*(s)|z*(s),s) = 0. By taking the second deriva-

tive of both sides of u(x*(s)|x*(s),s) =0 with respect to the subsidy amount s, we have

2 2

S Er(a (e (s), )] ~ A Vare(a* (s)]a*(s),5)] = 0,
which implies that dd—;Var[w(x*(s)]x*(s),s)] and Cf“—;IE[W(:L‘*(S)|av*(s),s)] have the same sign. We
also have

L Bir(a (9 (3),9)] = 07 + %)+ g (5) >0,

ds? 0s?
where the inequality holds because, as shown in Lemma A.2, x*(s) is strictly concave in s. Therefore,
the variance of farmer income Var[m(i|z*(s), s)] is strictly convex in s.

Then, there must exist a unique threshold s, € [0, 5] that minimizes Var[r(i|z*(s), s)] among all

s €0, 5]. To prove the proposition, it is sufficient to show that (i) Var[w(i|z*(s),s)] decreases in s

at s =0; and (ii) sy < s;. From Equation (A.3), we have

d . 1 . L0 ) ) 1
3 Varlr (il (s), )] =5 [Ru (2" (5)) = Ro (2" ()] 5 [Ru (27 (s)) = Re(a"(s)] + 55
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_ ( _ ;) (R (5)) — Ra(2°(5))] — 8 < - ;) 2 (Rl (5)) ~ Rul' ()]

+2b0? (—ap 4 bz*(s) (1® + 02))£x*(s)

0s
= — o {Ra(a*(5)) ~ Rule* () oo (s) + 1
(1= 3) Rt = Bule @) +4 (7= 3 ) tas (5
+2baf(—au+bx*(s)(,u2+02))ix*(s). (A.16)

From Equation (A.16), at s =0, we have

— o [Ru () — Ru(a)] Lo (s)

d -
EVar[ﬂ(dx (s),s)] Y P

o (1= g) (Ruted) ~ Rutop)

+ 202 (—ap b (4 +0) o0 (5
o

By Lemma A.2, we know 5-2*(s)|s—o > 0. Further, since r € [3,1], Ry (x§) > Rp(xf), x5 <1, and

s=0

a > 2bu, the income variance must strictly decrease in s at s =0.

Next, we prove that s, < s;. Based on Proposition 1, we know that if » > r{, then s; = . In this
case, we clearly have sy < s;. Therefore, it is sufficient to focus on the case where r < r;. In this
case, to prove sy < sy, it is sufficient to prove that the income variance increases in s at s = s;.

Since z*(s) is a strictly concave function in s (Lemma A.2) and s; < §, by the definition of s,

we have 2% (s)|s—s, = 0. Plugging it into Equation (A.16), we have

d - 1 1 x *

—Var[r(i|z*(s), s)] =—s51—(r—= ) [Ru(z"(s1)) — Rr(z"(s1))]

ds s=s] 2 2
By Equation (A.15), we have s; = 1 + 2(r — 3)[Ru(2*(s1)) — Rp(x*(s1))]. Therefore,
LVar[r(i|z*(s), 8)]|s=s; = 351 — (r — 3)[Ru(2*(s1)) — Rr(z*(s1))] = 35 > 0, which completes the
proof. O

We next study how the expected farmer income varies in s in Proposition A.1.

Proposition A.1. There exists a threshold by, such that if b < by, then the expected farmer income

E[n(i|x*(s),s)] increases in s.

Proof of Proposition A.1l. First, we show that the expected farmer income is convex in s. In
equilibrium, given a subsidy amount s, the expected income of the farmer i is E[r(i|z*(s),s)] =
ap —bx*(s) x (u® + 0?) + 3s — h;. By taking the second derivative of E[r(i|2*(s), s)] with respect
to s, we have %E[ﬂ(ﬂﬂ:*(s), s)] = —b(u*+ 02)%:5*(3) > 0, where the inequality holds because we
have shown in Lemma A.2 that %x*(s) < 0. Thus, the expected farmer income is convex in s.

Then, due to the convexity, in order to study how the expected income changes in s, we focus on

how it changes in s at s =0. By taking the first derivative of E[r(i|x*(s),s)] with respect to s at
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s =0, we have ZE[r(i|z*(s),s)]|s=0 = —b(1* + 02) L 2" (5)|s0 + 3. In Lemma A.2, we have shown
that 22*(s)|s—o > 0. Moreover, for any b € (0,55); £a7(s)|s=0 is bounded above by a positive
constant independent of b because (1) a7 (s)|s—o is continuous in b; and (2) 227 (s)|s—o is bounded

by a positive constant when b approaches 0 and when b approaches i Therefore, there must exist

by >0 such that for any b <by, ZE[r(i|z*(s),s)][s=o > 0, which completes the proof. [

Proof of Corollary 1. By Equation (A.14), we have shown that z*(s) increases in r. It remains
to prove that the variance of farmer income Var[r(i|x*(s), s)] decreases in 7.

From Equation (A.3), we have

L varfr(ifa (s),9)] =3[R (a° (5)) ~ R ()] % 1 [ Rz () — B (2 (5))
~slRnla () Rala @) = (7= 5 ) % G Rl (9) = Rula(6)]
+ 2boZ(—ap + bz*(s) (W’ + 02))51'*(3)

:%[RH(ac*(s)) — Rp(x*(s))] x (—4b,uaaarx*(s)>
— s[Ru(2*(s)) — Ru(2*(s))] - s (r _ ;) « (—4@0;;&(5))
+2b0 7 (—ap+ba" (s)(4* +07%)) 52" (s)
o (aix*(s)) <[RH(w*(s)) — Ry(a(s))] 2 (7“ _ ;) s)
—s[Ru (2" (s)) — Re(
+2b0 7 (—ap+ba" (s)(4* +0%)) 52" (s)
Soa
where the inequality holds because r € [%, 1] and we have shown in the proof of Proposition 1 that
Lx7(s) >0, Ry(x*(s)) — Ro(2*(s)) = s >0, and —ap + bx*(s)(p? + 0?) < —ap+2bp* <0. O

Proof of Theorem 1. Recall that the net benefit v(s) is given by

+*(s)
v(s)=E /0 ((a=bx*(s)Y)Y —xzc+sl)dx| —z*(s)E[s]]

=v; X 2*(8) — vy x (z7(5))%. (A.17)

where vy = ap and v, = b(u? +0?) + 1e. Since v; > 0 and v; > 0, v(s) is a quadratic concave function
in 2*(s). Then, the value of x*(s) that maximizes v(s) is defined as follows:

o0 A1s

o 20y 20(pu2+0%)+c (A-18)

As the government’s objective is to find the subsidy amount s to maximize v(s) under the bud-

get constraint, the optimal s* must make z*(s) as close to z°" as possible. Let S =[0,5]N{s:
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x*(s)E[sI] < B}. Then, S denotes the feasible set of s. (Note that the set S depends on the index
accuracy 7; for notational simplicity, we omit this dependence.) Since we assume zj < 27" and we
have shown that z*(s) is strictly concave in s, we can uniquely characterize s* € S with one of the
following two conditions: (i) s* =argmaxz*(s) and x*(s*) < x°%; (ii) s* =inf{s € S:z*(s) = x°P'}.

s€
We define r, > § as the smallest index accuracy such that z*(s) = z°" for some s € S. (If no such

index accuracy exists, then let 7, = 00.) We separate the rest of the proof into two cases:

Case 1: We consider the scenario where r > r.. First, we prove that for any r > r,., there exists
a subsidy amount s” € S such that x*(s”) = z°?". When r = r., by the definition of r., we have
x*(s) = x°P* for some s € S. Let ¢ =inf{s € S:z*(s) = x°?'} when r =r.. Given that s’ € S, we
must have s’ < Ry (2*(s')) — R (z*(s')) = Ry (x°"") — Ry (2°P") and z*(s')E[s']] = JaP's’ < B. Next,
consider any r > r.. We must have z*(s) = z°" for some s < &', because we consider x} < x°*
and we have that x*(s) increases in r by Corollary 1. For any given r > r., let s’ =inf{s < ':

x*(s) = xz°*} (for notational simplicity, we omit the dependence of s” on 7). Since s” < s', we have

s" < Ry(z°P") — R (x%") and z*(s")E[s"I] = ;x°?'s” < B. Therefore, we have s” € S, and thus

Second, we prove that s* = s” decreases in r. Since we consider z}; < z°"* and s” is the lowest
subsidy amount that satisfies z*(s”) = 2°P*, we must have that z*(s) increases in s at s = s".
Moreover, z°P" is independent of r and we showed in Corollary 1 that x*(s) increases in r. Hence,
s” must decrease in r to maintain x*(s”) = x°". Therefore, when r >r., s* decreases in 7.

Case 2: We consider the scenario where r < r.. By the definition of r., when r < r., the optimal
subsidy s* must satisfy condition (i) above, i.e., s* =argmaxz*(s) and z*(s*) < z°P".

sES
Next, we study how s* changes in r. Recall from Proposition 1 that if » < r;, then we have

ox*(s)
ds

know from Corollary 1 that z*(s) increases in r. Then, when r < ry, x*(s;)E[s;I] must increase

|s=s;, =0 and s; increases in r, where s; is the maximizer of 2*(s) among all s € [0, 5]. We also

in r. Then, there must exist 7, € [$,7] such that for r € [1,r,), we have 2*(s;)E[s;]] < B, and
for r € [ry,71), we have x*(s1)E[s11] > B. We next show how s* changes in r by considering three
sub-cases: (a) r € [5,1), (b) r € [ry,71), (¢) r € [ry,7:) (this sub-case does not exist if r1 > r.).

(a): We consider the scenario where 7 € [3,7). In this case, by the definition of r,, we have
x*(s1)E[s11] < B. Then, s; satisfies condition (i) discussed above, and thus we have s* = s;. More-
over, we have shown in Proposition 1 that s; increases in r. Thus, s* increases in 7.

(b): We consider the scenario where r € [ry,71). By the definition of r,, we have z*(s1)E[s;I] > B
for all r € [ry,,r1). Therefore, by condition (i) above, s* must satisfy z*(s*)E[s*I] = B. Since z*(s)
increases in r (Corollary 1), s* must decrease in r to maintain x*(s*)E[s*]] = B.

(c): We consider the scenario where 7 € [ry,r.). In this case, *(s) is increasing in s for all s € S.
Therefore, by condition (i) above, s* must be the highest s € S, which is either § or the subsidy

amount that satisfies s < 5 and x*(s)E[sI] = B (if exists). We next prove s* decreases in 7.
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First, when r > r{, by Proposition 1, we have g:c*(s)|9:§ >0, which, by Equation (A.13), implies

£.5<0. Second, since z*(s) increases in r, if there exist € [ry,7.) and s’ < § such that z*(s')E[s']] =
B, then for any higher index accuracy, there must exist s” < s’ that satisfies 2*(s”)E[s"I| = B.
Moreover, s” must decrease in r. Therefore, collectively, we conclude that when r € [ry,r.), s
decreases in r.

Let 75 := min{ry,r.}. Then, combining Cases 1 and 2, s* increases in 7 if and only if r <ry. O

Proof of Corollary 2. Since s% is independent of r and we know from Theorem 1 that s*
first increases and then decreases in r, to prove the corollary, it is sufficient to prove that s* > s%
when r =1 (i.e.,, when the index can perfectly predict the area-level yield Y). From the proof
of Theorem 1 and Equation (A.12), we know that when r =1, the optimal subsidy s* under the
index-based policy must satisfy either (1) s* is the lowest subsidy that satisfies z*(s*) = z°"*, or (2)
s* is the highest feasible subsidy, i.e., s* satisfies *(s*)E[s*]] = B or s* = § = 2a0c — 4buoz*(s*).

In the proof of Lemma 2, we have derived the equilibrium planting amount z*(s) under the
index-based policy for any s € [0,2ac], where 2ac > 5. Let z% (s) denote the equilibrium planting
amount under the actual-yield-based policy for any s € [0, 2a0].

Consider » = 1. We next prove that, if z*(s) < z%(s) for all s € [0,2a0], then we have s* > s%.
This is because if z*(s) < z%(s) for all s € [0,2a0], then we have the following: Suppose s* is the
lowest subsidy that satisfies z*(s*) = z°"* under the index-based policy. Then under the actual-
yield-based policy, a lower subsidy can achieve z°P* and thus a lower subsidy is optimal. Suppose

s* is the highest feasible subsidy under the index-based policy, i.e., s* satisfies x*(s*)E[s*]] = B or

s* =8§=2a0 —4bpoz*(s*). Then, under the actual-yield-based policy, s* is no longer feasible (i.e.,
we have either 2% (s*)E[s*I] > B or s* > 2ac —4buox*(s*)) and therefore the optimal subsidy must
be lower than s*.

Therefore, it is sufficient to prove z*(s) < x%(s) for all s € [0,2a0]. Consider a fixed subsidy
amount s € [0,2a0]. To prove z*(s) < x%(s), following the logic in the proof of Lemma 2, it is
sufficient to prove that for any planting amount x € [0, 1], the utility of each farmer 7 is higher
under the actual-yield-based policy. For i € [0,1], let I, =1 if Y; < p and I4 =0 otherwise. Given

the planting amount x, we denote the profit of farmer 7 under the actual-yield-based policy as
wa(ilz,s)=(a—bzY)Y, + sls — h;.
Then, we have

E[ma(i|z,s)] = ap — bx(u* + o) — h; + %3 =E[n(i|z,s)], (A.19)

where the second equality has been shown in the proof of Lemma 2. We also have

Var[m4(i|z, s)] =Var[(a — b2Y )Y + sl — h;] + Var[(a — bzY)e;]
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1 2Cov ((a— beY)Y + sLy — hy, (a — baY)e,)
—Var[(a — ba¥)Y] + VarlsIa] + 2Cov((a — ba¥)Y, sI4) + Var|(a — bz )e]
+2Cov((a— baY)es, sI)
:i(RH(x) ~Ru(@) + 382 +2Cov((a — baY)Y, sT) + Var|(a — baY)el]
+ [2Cov((a — baY)Y, sLa) + 2Cov((a — baY )es, s1) — 2Cov((a — baY')Y, sT)]
—Var[r(ilz, s)] + 25 [Cov((a — ba¥)Y;, I4) — Cov((a — ba¥)Y, T, (A.20)

where the last equality has been shown in the proof of Lemma 2. From Equation (A.19) and (A.20),
to prove that the utility is higher under the actual-yield-based policy, it remains to prove that
Cov((a—bxY)Y;,14) — Cov((a—bxY)Y,I) <0. Let g =P(¢; < —0). Then, we have

Cov((a—bxY)Y;, 14) — Cov((a—bzY)Y,I)
=E[(a —bxY)Y;14] —E[(a — bxY )Y ]

:%P(ei <—0)E[(a—bx(u+0))(u+o+e€)|e<—o]+ %P(ei <o)E[(a—bx(p—0))(p—0+€)|€e <]

~ 3 a=ba( =) (o)

—sa(a—balu+0)) () + 5 (1—a) (a— bl — ) (1= 0)

+ gala—be(u-+ o))l 6 < —o] + 5 (1~ g)(a— ba(u— o)) Eles| & < 0] — 5 (= ba(u— o)) (1~ o)
—5a(a—ba(u+0)) (u+ o)~ 5a(a—ba(n—0)) (u— o) +ala—bapEle; e, < o]
<a(a—b(ut0)) (1 +0) ~ Ja(a—brlp—0)) (1~ 0) ~ ala—bap)o, (a.21)

where the fourth equality holds because ¢; follows a normal distribution with mean of zero, which
implies ¢Ele; | €; < —o] = (1 — ¢)Ele; | €; < o], and the inequality holds because Ele; |e; < —o] < —0o.
Since the right hand side of Equation (A.21) is linear in ¢ and we have ¢ € [0,1), we have

Sa(a—ba(u+0)) (u+0) ~ 2a(a—ba(u—o0)) (n—0) — ala—ba)o

1 1
<max {O, 1 (2a0 — 4bzpo) — i(a - bw,u)a}

=0.
Thus, we have Cov((a —bxY)Y;,14) — Cov((a —bzY)Y,I) <0, which completes the proof. [

Appendix A.2 Proofs of Analytical Results in §5

We first present four auxiliary lemmas to derive the closed-form expression for z*(m,s) and to

analyze how it varies with key parameters.
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Lemma A.4 (Equilibrium planting amount with price and yield protection). Consider any m €
[0,m] and s € [0,5]. Let (m,s) denote the unique positive solution to u(x|x,m,s) = 0. Then,
the equilibrium planting amount is x*(m,s) = min{&(m,s),1} € (0,1]. Moreover, there exist two
thresholds my and mq (which depend on s but not m) such that 0 <m; <my <m and
(i) if m € [0,m4], then &(m,s) =x(s), where &(s) is defined in Lemma 2;
fﬁ(mﬁ)ﬂ/ﬂz(;:bj)*4amv(m,5)’ where oy, = A0 (11— o)+ IAb (11—
0)202, B(m.s) = $b(1—0)* + ¢+ LAb(j1— Y (m(-+ 0) — al— 7)) — Aab(s — ) — Ab{r — $)s (s -
0)%, and A(m,s) = IA(m(u + 0) — als — 0))? + IA(@ +m2)o? — Im(u + o) — Sa(u — o) — A(r —
Ds(m(p+o) —alp—0)) — 35+ 1As?;

my—)\m2(d2+dz)+%s—%)\52+2)\a(r—%)sm
- .

(i) if m € (my, my], then &(m,s) =

(i) if m € (ma,m], then &(m,s) =

Further, there exists a threshold cs such that if ¢ > c3, then x*(m,s) =&(m,s) € (0,1).

Proof of Lemma A.4. Since we have shown in the proof of Lemma 2 that § < 2ao, it is
sufficient to prove this lemma by considering s € [0,2ac]. Moreover, since m < a, we prove this
lemma by considering m € [0, a]. For any given m € [0, a] and s € [0, 2ac], recall that 7 (i|z,m,s) =
max{(a —bxY),m}Y; + sI — h; is the net income of the farmer ¢ whose production cost is h;, and
u(ilx,m,s) = E[n(ilx,m,s)] — AVar[r(i|x,m,s)] is the utility of this farmer. Following the same
logic as in the proof of Lemma 1, given m € [0,a] and s € [0,2a0], if =0, =1, or z € (0,1) is an
equilibrium planting amount, then we must have «(0|0,m,s) <0, u(1|1,m,s) >0 or u(x|z,m,s) =0
respectively.

Step 1: We show that for any given m € [0,a] and s € [0,2a0], there is a unique positive solution
to u(x|z,m,s) =0. To do so, it is sufficient to prove the following three parts: (1) u(z|x,m,s)

strictly decreases in z for >0, (2) u(0]0,m,s) >0 and (3) u(z|x,m,s) <0 for some x > 0.

a—m a—m
b(puto) b(u—o)

prove that u(x|z, m, s) strictly decreases in x for > 0 separately on three intervals of z: (a) [0, z4],
(b) (x1,22], and (c) (z4,00).
(a): For z € [0, x,], by the definition of z;, we have a —bx(u—0) > a—bx(u+ o) > m. Thus, from

First, let z; = (i.e., a —bxy(p+o0)=m) and z, = (i.e., a — bxy(p — o) =m). We

the expression of u(z|z,m,s), we have that u(x|z,m,s)=u(z|x,s), which is farmers’ utility with
only yield protection. We already know from the proof of Lemma 2 that u(z|x, s) strictly decreases
in z for z > 0. Therefore, u(z|xz, m,s) strictly decreases in z for x € [0, z].

(b): For = € (x1,x,], by the definition of x; and x5, we have a —bx(u—0) >m>a—bx(u+ o).
Recall that Ry (z) = (a —bx(u—0))(n — o) denotes the expected revenue when Y =y —o. Then,

u(z|z,m,s) =E[max{(a —bxY),m}Y; + sI — xc] — AVar[max{(a — bzY'),m}Y; + sI — x(]

:%[m(u—f—a) + Rp(x)+ 8| —zc

1

~A (i(m(quo—) — Ry (z))* + 352 —s <T 2) (m(pu+o) RL(I))>
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- A (;az —abx(,u—a)+;192562(#—0)2%-;7712) o?. (A.22)

By taking the derivative of u(x|z,m,s) with respect to x, we have

el 1.9 == 50 =07~ bt (glont+0) ~ o) s ()

2
—Ab(— 0)o? (ba(j1— o) — a).

Since we consider r <1 and s < 2ao, we have

(o) = Rufa)) =5 (1= ) = Smlp+ ) = Ru(or)) ~ a0
1
=3
—(

(m(u+a) —a(lp—o)+ (a_TZ)_i(_/Z_U) ) —ao
2uo

wt+o

2uo

a .
wto

—CL)

Clearly, we also have bz (u—0) —a > —a. Since ¢ > ¢; > 2Xab(u—0)* 2% + Aab(p—o0)o? — tb(p—o0)?

(as discussed in §3), we have Zu(z|z,m,s) <0, i.e., u(x|z,m,s) strictly decreases in z for z €
(21, 22].

(c): For x > x,, by the definition of x5, we have m >a —bx(u— o) >a—bx(u+ o). Then,

u(zlz,m,s) =E[mY; + sl —xc] — A\Var[mY; + sI — (]

1 1 1
=mp+ 35— %C— A <m2(02 +02)+ 132 —20 <r — 2) sm) . (A.23)

Clearly, u(x|z,m,s) strictly decreases in = for x > z,. Combining all three cases and considering
that u(z|x,m,s) is continuous in z, we conclude that u(z|x,m,s) strictly decreases in x.

Second, we prove u(0[0,m,s) > 0. When no farmer plants (i.e., z =0), the market-clearing price
is given by a for both realized values of Y. As we consider m < a, we must have u(0[0,m,s) =
u(0[0,s) = —v(s) > 0, where the last inequality is shown in the proof of Lemma 2.

Finally, we prove u(z|x,m,s) <0 for some z > 0. Since we have shown earlier that u(z|z, m,s)
strictly decreases in x for x > 0 and is linear in x for & > x5, there must exist x > 0 such that
u(z|x,m,s) <0.

Collectively, we conclude that for any given m € [0,a] and s € [0, 2ao], there must exist a unique
positive solution to u(x|z,m,s) =0, which we denote as &(m, s).

Step 2: We show that for any given m € [0,a] and s € [0,2ac], there is a unique equilib-
rium planting amount x*(m, s) = min{z(m, s), 1}, where Z(m, s) is the unique positive solution to

u(z|z, m,s) =0. Since we have shown that «(0|0,m,s) >0 in Step 1, z =0 cannot be an equilibrium
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planting amount. Then, based on the discussion at the beginning of the proof, it remains to check
whether £ =1 or x = &(m, s) is an equilibrium planting amount.

If Z(m,s) € (0,1), then, following the same logic as in Step 2 of the proof of Lemma 1, we have
that the equilibrium planting amount is z*(m, s) = &(m, s). If Z(m, s) > 1, then, as we just showed
that u(x|z,m,s) strictly decreases in x, we must have u(1|1,m,s) > 0. In this case, we have that
the equilibrium planting amount is given by x*(m,s) = 1. Hence, there is a unique equilibrium
planting amount given by z*(m, s) = min{z(m, s), 1} € (0, 1].

Step 3: For any given m € [0,a] and s € [0,2a0], we derive the expression of Z(m, s).

(a): Suppose &(m,s) < z;. Then, as shown earlier, we have u(x|z,m,s) =u(x|z,s) at x = &(m, s)
and thus Z(m, s) = Z(s) defined in Lemma 2. Therefore, we conclude that whenever &(m, s) satisfies
z(m,s) <z, we have £(m,s) = Z(s).

(b): Suppose &(m,s) € (z1,x2]. Then, based on Equation (A.22), Z(m,s) must be the solution

to the following equation:

u(x|z,m,s) :%[m(,ujta) +Rp(x)+s|—zc

1 , 1, 1
-~ \4 B 4° ) B
A ( (m(p+0)— Rp(x)) 4+ =s"—s (r > (m(p+o) RL(:U))>

1 1 1
- A (2a2 —abx(p—o)+ §b2m2(,u, —0)*+ 2m2> o?

= ame - ﬁ(ma 5)56 - V(mv S)

where a,, = A0 (u—0)* 4+ IAb* (u—0)?02, B(m, s) = 2b(p—0)? +c+ s Ab(p—0)*(m(p+0) —a(p—
9)) = Aab(s — )0 — Ab(r — Y)s( — 0)? and (m, 5) = LA(m(+ 0) — alp— o)) + BA(a? + m?)o? -
sm(p+o)—sa(p—o) = Ar—3)s(m(p+0) —a(p— o)) — 35+ 1 As”. Then, we have

_B(m7 5) + \/52(7”’ 8) - 4am’7(mv S) )

2a,,

z(m,s) = (A.24)

Therefore, we conclude that whenever &(m,s) satisfies &(m,s) € (x1,25], we have &(m,s) =
—B(m,s)+\/B2(m,s)—4am'y(m,s)

2am

(c): Suppose z(m, s) > x,. Then, based on Equation (A.23), #(m, s) must be the solution to the

following equation:

1 1 1
u(x|z,m,s) =mpu+ 58— %= A <m2(02 +0?)+ 132 —20 <r— 2) sm) =0.

Then, we have
_)\ 2 2+ 2 _'_l _lA 2+2>\ _l
i(m,s):mu m? (0?4 07) + 55— 38 o(r 2)3m‘ (A.25)
c
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Therefore, we conclude that whenever &(m,s) satisfies Z(m,s) > z,, we have Z(m,s) = (mpu —
A (02 4 02) + Ls — IXs® + 2Xo(r — $)sm) /c.

Step 4: We prove that for any given s € [0,2a0], there exist two thresholds 0 <m; <my <a
such that if m <my, then Z(m, s) <xzy; if m;y <m <my, then z; < Z(m, s) < xzy; and if my <m <a,
then &(m,s) > xy. (For the purpose of the lemma, we can redefine the thresholds by truncating
them at m.)

Consider a fixed s € [0, 2ac]. To prove the existence of such m; and mo, it is sufficient to prove
that (1) if #(m,s) <x; for some floor price m, then Z(m,s) <z, for any lower floor price; and (2)
if (m, s) > x4 for some floor price m, then #(m, s) > x, for any higher floor price.

For (1), first, we prove that for any given m € [0,a] and s € [0, 2a0], &(m,s) < x; if and only if

Z(s) < xy, where Z(s) is defined in Lemma 2 and z; = By Step 3, we have shown that if

b(u+ )’
Z(m,s) < xy, then &(m,s) =z(s). Thus, if £(m,s) < x;, then we have &(s) =&(m,s) < z;. On the

other hand, if Z(s) <y, then we have

u(z(s)|z(s), m,s) =E[max{(a —bz(s)Y),m}Y; + sl — &(s)c]
— AWVar[max{(a — bz(s)Y),m}Y; 4+ sI — z(s)(]
)Yi

=El[(a —bz(s)Y —Z(s)c] — AVar[(a — bz (s)Y)Y; + sl — z(s)c]
=u(Z(s)|(s), 5)
-0,

where the second equality holds because, by the definition of z;, we have a — bz (s)(u — o) >
a—bz(s)(u+ o) >m, and the third and fourth equalities follow from the definitions of u(z|z, s)
and z(s) in Lemma 2. Thus, #(s) > 0 is a solution to the equation u(z|x,m,s) =0. Moreover, we
have shown in Step 1 that Z(m,s) is the unique positive solution to u(z|z,m,s)=0. Hence, we
have &(m,s) = &(s), which implies Z(m, s) < z;. Collectively, we have Z(m,s) < z; if and only if
Z(s) <xy.

Then, to prove (1), it is sufficient to prove that if Z(s) < x; for some floor price m, then Z(s) < x;
for any lower m. This is true because z; strictly decreases in m while Z(s) is independent of m.

For (2), let &(m,s) = (mp —Am?(0® 4+ 02) 4+ 35 — $As® + 2 o (r — 5)sm)/c. First, we prove that

a—m
b(pu—o)’

By Step 3, we have shown that if Z(m,s) > x,, then Z(m,s) = &(m,s). Thus, if Z(m,s) > xo, then

for any given m € [0,a] and s € [0,2a0], £(m, s) >z, if and only if £(m, s) > x5, where x5 =

we have &(m, s) =Z(m,s) > xs. On the other hand, if Z(m,s) > x4, then we have
u(&(m, s)|z(m,s),m,s) =E[max{(a — bx(m,s)Y),m}Y;+ sl —z(m,s)c|
— AVar[max{(a — bx(m,s)Y),m}Y; + sI —z(m,s)c]
=E[mY; + sI — &(m,s)c] — AVar[mY; + sI — z(m, s)c]
-0,
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where the second equality holds because, by the definition of x5, we have m > a — bz (m, s)(u—o) >
a—bi(m,s)(u+ o), and the third equality has been shown in (c) of Step 3. Thus, &(m,s) >z2>0
is a solution to the equation wu(z|z,m,s) =0. Moreover, we have shown in Step 1 that &(m,s) is
the unique positive solution to u(z|x,m,s) = 0. Hence, we have &(m,s) = Z(m,s), which implies
Z(m,s) > 5. Collectively, we have (m,s) > x5 if and only if Z(m,s) > z,.

Then, in order to prove (2), it is sufficient to prove that if #(m,s) > x5 for some floor price m,
then &(m,s) > x5 for any higher floor price. That is, it is sufficient to prove that if Z(m,s) —xz2 >0
for some floor price m, then &(m,s) — x5 > 0 for any higher floor price. Since z is linear in m and
Z(m, s) is a quadratic concave function in m, &(m,s) — z, must be a quadratic concave function
in m. Recall that we consider m < a. Then, it is sufficient to prove that when m = a, we have
z(m,s) —xe =d&(m,s) > 0. Since s € [0,2a0] and &(m, s) is a quadratic concave function of s, it is
sufficient to prove when m = a, we have Z(m,0) >0 and &(m, 2ac) > 0. When m = a, we have

. ap—Aa*(o*+07) 1 M 2/,.2 1 2
$(m,0): c >E (Iﬂ—ma (O' +Js) :O,

where the first inequality holds because we consider A < ; we also have

[ T
a(o2+02)

1 1
z(m,2a0) = - <au —Xa*(0® +02) + ac — Na*o® +4)\o? (r - 2> a2>

— 0

> = (a(p+0) — 2Xa’0? — Aa’0?)

> - <a(u+0) = <W> (200 +a2a§)>

2a0? 4 ao?

—= 0

o

=0

where the first inequality holds because r > % and the second inequality holds because A < %
Hence, we have #(m,s) > x5 when m = a. We conclude that if Z(m, s) > x5 for some floor price m,
then &(m,s) > x, for any higher floor price.

Combining all four steps completes the derivation of x*(m,s) for any given m € [0,a] and s €
[0,2a0].

Finally, we prove that there exists a threshold c3 such that if ¢ > c3, then the equilibrium planting
amount under given floor price m € [0,m] and subsidy amount s € [0,35] is x*(m,s) = &(m,s) €
(0,1). To do so, it is sufficient to prove that there exists a threshold ¢z such that if ¢ > ¢z, then

u(1]1,m,s) <0 for any m € [0,m] and s € [0, 5]. By definition, we have
u(1|]1,m,s) =Emax{(a —bY),m}Y; + sI| — ¢ — AVar[max{(a — bY'),m}Y; + sI|.

From this expression, we have that u(1|1,m,s) linearly decreases in c¢. Moreover, it is easy to

check that for any m € [0,m] and s € [0, 5], u(1|1,m,s) is bounded above by a positive constant
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independent of m and s. Therefore, there must exist a threshold cs; such that if ¢ > ¢z, then

u(1]1,m,s) <0 for any m € [0,m] and s €[0,5]. O

As discussed in §5, we consider the case where ¢ > ¢3 in the remainder of our analysis, which

allows us to avoid unnecessary technical complexities arising from z*(m,s) reaching one.

Lemma A.5. For any m € [0,7m] and s € [0, 5], we have s <max{a—bx*(m,s)(u+0c),m}(u+o)—

max{a — bx*(m,s)(u—o),m}(u— o).

Proof of Lemma A.5. Consider a fixed m € [0,m] and a fixed s € [0, 5]. For s <5, we have s <
Ry (z*(0,s)) — Rp(x*(0,s)). Then, to prove this lemma, it is sufficient to prove that Ry (z*(0,s)) —
R (2*(0,8)) <max{a—bx*(m,s)(u+0c),m}(pu+o0)—max{a—bx*(m,s)(u—o),m}(u—o). Similar

a—m

b(p+o)

to the proof of Lemma A.4, let ©; = and zo = and we separate the analysis into three

a—m
b(p—0o)?
cases:

Case 1: Suppose z*(m,s) < z;. Then, by Lemma A.4, we have x*(m, s) = z*(0,s) and
max{a —bx*(m,s)(np+ o), m}(p+ o) —max{a —bx*(m,s)(u—o),m}(u—o)
=(a—bx"(m,s)(u+0))(u+0) = (a—bx"(m,s)(n—0))(n—0)

=Ry (z(0,s)) — Rp(z(0,s)).

Case 2: Suppose z; < x*(m,s) < xo. We have max{a — bz*(m, s)(u+oc),m}(u+ o) — max{a —
bx*(m,s)(u—o),m}(u—o)=m(p+0o)— Ry(z*(m,s)). Thus, it is sufficient to prove [m(u+o)—

Rp(z*(m,s))] — [Ru(2*(0,5)) — Rp(x*(0,s))] > 0. On the one hand, if z*(m,s) > x*(0,s), we have
Ry (z*(0,s)) — Rp(x*(m,s)) > 0 because Ry (x) decreases in z. Moreover, we have m(u + o) —
Ry (2*(0,s)) > 0 because, by Step 4 of the proof of Lemma A.4, x*(m,s) > x; implies 2*(0,s) > x4

and thus m > Py (2*(0,s)), where Py(x)=a—bx(u+ o). Therefore, we have

[m(p+0) = Rp(z"(m, s))] = [Ru(27(0, ) — R (27(0, )]
=[m(p+0) = Ru(2"(0,5))] + [Re(27(0,5)) — Rp (2" (m, 5))]

>0.
On the other hand, if *(m,s) < 2*(0,s), we have

[m(p+0) = Rp(a"(m,s))] - [Ru (2"(0,5)) — Re(27(0,5))]
=[m(p+0) = Ru(z"(m,s))] + [Ru(z"(m, s)) = Ry (27 (m, 5))] = [Ru(27(0,5)) — R (27(0,5))]
=[m(p+0) = Ru (" (m, s))] + 4buo [27(0, ) — 2" (m, s)]

>0,



20

where the inequality holds because z*(m,s) > z; and z*(m,s) < z*(0,s). Hence, we can conclude
that m(u+ o) — Rp(z*(m,s)) > Ry (2*(0,s)) — Rp(x*(0,s)) in this case.
Case 3: Suppose z*(m,s) > xa. We have max{a — bz*(m,s)(pn + o),m}(pu + o) — max{a —

bx*(m,s)(u—o),m}(p— o) =2mo. Then, we have

2mo — [Ru(27(0,5)) — R (z7(0, 5))]
>2Py(z*(0,8))0 — [Ry(z*(0,s)) — R (z*(0, s))]
=[2a0 —2box™(0,s)(n+ 0)] — [2a0 — 4bpoz™(0, s)]
=2boz™(0,8) (1 — o)

>0,

where the first inequality holds because, by Step 4 of the proof of Lemma A.4, x*(m, s) > z; implies
x*(0,s) > x; and thus m > Py (z*(0,s)).
Combining all three cases, we conclude that for any m € [0,m] and s € [0, 5], s < Ry (z*(0,s)) —

R (xz*(0,s)) <max{a—bz*(m,s)(n+0o),m}(u+0c) —max{a —bz*(m,s)(up—o),m}(p—0). O

Lemma A.6. (i) For any m € [0,m] and s € [0,5], z*(m, s) increases in the index accuracy r.

(it) For any m € [0,m], Za*(m,s)|s—0 > 0.

Proof of Lemma A.6. (i) Consider a fixed m € [0,m] and a fixed s € [0, §]. Let m; and my be
the two thresholds defined in Lemma A.4. Accordingly, we separate the analysis into three cases:

Case 1: Suppose m <m;. In this case, according to Lemma A.4, we have x*(m,s) =xz*(s). We
have already proven that z*(s) increases in r in Corollary 1. Therefore, z*(m, s) increases in 7.

Case 2: Suppose m € (my,my|. Following the same logic as in the proof of Lemma A.1l,
0

Lx*(m,s) and Zu(x|z,m,s)|s—s*(m.s) have the same sign. Then, from Equation (A.22), we have

Lu(z|z,m,s)|oew(m.s) = As[m(p + o) — R (a*(m, s))] > 0, where the inequality holds because,
based on Lemma A.5, given s € [0, 5], farmers’ expected revenue conditional on Y =y — o, plus s,
does not exceed their expected revenue conditional on Y = pu+ o, i.e., m(u+0) — Rp(z*(m,s)) >
s> 0. Therefore, x*(m, s) increases in r.

Case 3: Suppose m > my. By Lemma A .4, we have z*(m, s) = (mu—Am?(0® +02) + 55 — 2 As* +
2X\o(r — 3)sm)/c. Therefore, we have £a*(m, s) = 2225 > (),

Combining all three cases and considering that z*(m, s) remains continuous when an increase in
r results in a switch between cases, we conclude that z*(m, s) increases in 7.

(ii) Consider a fixed m € [0,m]. Recall that given m € [0,m], x; and z, are defined in Step 1 of
the proof of Lemma A.4, and the relationship between the equilibrium planting amount and x; and

T, determines whether the floor price m takes effect. Accordingly, we separate the analysis into the
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following three cases: If 2*(m,0) < 21, we have z*(m,0) =2*(0) and Za*(m, s)|s—o = Z2*(5)|s=0 >

0 by Lemma A.2. If 2*(m,0) € [z, x,], following the same logic as in the proof of Lemma A.1,

Lx*(m,s)|s—o and Lu(z|z,m,s)|s=0,0—s*(m,0) have the same sign. From Equation (A.22), we have
> ulalz,m.s) 5+ A (=3 ) m+0) — Bue (m,0))) >0
—u(x|z,m,s = r——=1](m o) — Rp(z*(m
aS B s=0,z=x*(m,0) 2 2 H L ’ ’

where the inequality holds because r € [$,1] and we have shown that m(u+ o) — Ry (z*(m,0)) >
5>0. Thus, Zz*(m, s)|s=o > 0. If *(m,0) > x5, then from Equation (A.25), we have

1 1
5+2Xo(r—3)m
=2 (r=3) > 0.
5=0 C

—x*(m,s)

Hence, combining all three cases, we have that Za*(m, s)|,—o > 0 for any given m € [0,m]. O

Before we proceed, let s,, 1 :=argmax ¢, 4 2*(m, s) for any given m € [0,m].! Then, we have:

Lemma A.7. Consider any fized m € [0,m]. There exist two thresholds % <P ST <1 such
that when the index accuracy is low (r < rm,1), x*(m,s) increases in s if and only if s < Sp1;

furthermore, we have %SmJ >0 and %sm,l > 0. When the index accuracy is high (1 > Tm,.2),

x*(m, s) increases in s.

Proof of Lemma A.7. For ease of exposition, we first prove this lemma by considering . = 0.
(We will consider o, > 0 at the end of the proof.) We prove this lemma in the following four steps:
Step 1: We prove that given m € [0,7m] and r € [,1], #*(m,s) increases in s if and only if

5§ < Sm1, where s, is defined before the statement of Lemma A.7. First, we introduce a few

building blocks for further analysis. Let 1 = ;7725 (i.e., a —bx1(u+0) =m) and zy = ;Z%5

a—bxy(p— o) =m). From the proof of Lemma A.4, we know that if *(m,s) <z, then x*(m, s) =
—B(m,s)+1/B2(m,s)—dam~(m,s)

200m )

(i.e.,

x*(s) as characterized in Lemma 2; if x*(m, s) € (1, 22], then x*(m, s) =
if x*(m,s) > &, then 2*(m, s) = (mp — Am?(0® + 02) + 35 — 1As* + 2Xo(r — 3)sm)/c. From these
results, we can see that within each of the three cases, the expression of z*(m, s) is strictly concave
in s. Also, it is straightforward to check that x*(m,s) is continuous in s on [0, 5].

Based on the above observations, we next prove that x*(m, s) increases in s if and only if s < s, 1
(note that the three cases are divided based on the value of z*(m, s) rather than that of s). Suppose
there exists s’ € [0,,,1) such that z*(m,s) strictly decreases in s at s =¢". If z*(m,s’) < xq,
then, by the definition of s,,; and the continuity of x*(m,s), there must exist s” € (s, s,,,1) such
that z*(m,s”) <z, and x*(m,s) strictly increases in s at s = s”. The existence of such s’ and s”
contradicts the concavity of z*(m,s) when z*(m, s) < x;. If x*(m, s') € (1,23 or z*(m,s’) > xq, we

1 To ensure that s, 1 is well-defined, we define it as the smallest s that maximizes z*(m,s) in case of ties. (However,
we show within the proof of Lemma A.7 that the s that maximizes 2*(m, s) is unique.)
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can reach a contradiction by using the same argument (note that both x; and x, are independent
of s). Using the same argument, we also conclude that z*(m, s) decreases in s for s € (8,1, 5.
Furthermore, we prove that arg maxx*(m,s) is unique. As shown above, x*(m,s) increases in

s€[0,3]

. . _- 2
s if and only if s < s,, ;; moreover, for any s € [0, 5], we have %x*(m,s) < 0 when z*(m,s) < x1,

x*(m,s) € (z1,x2) or x*(m,s) > xy. Therefore, argmax z*(m, s) must be unique.

Step 2: We prove that given m € [0,m] and r Ese[[%oﬂl], if s,,1 < 5, then %sml >0and %sml >0.
We divide the analysis into three cases based on the value of z*(m, s,,.1).

Case 1: Suppose x*(m, s, 1) < x;. Then, by the definition of s,, 1, we have z*(m,s) < z; and
thus x*(m, s) = z*(s) for all s € [0, 5]. Thus, the floor price m does not play any role, and we have
Sm.1 = s1 as defined in Proposition 1. Since s; increases in r when s; < § (as shown in Proposition

1), we have that s, ; increases in r when s,,; < 5. Further, s,, is independent of m.

Case 2: Suppose z*(m, s;,1) € (21, 23]. Then, according to Lemma A.4, we have z*(m, s,,1) =
_5(m»5m,1)+\/52(mvsm,l)_40‘m7(m75m,1

o ). We first prove that if s,, ; <5, then s,,; increases in r. If s,, ; <
—B(m,8)+1/B2(m,s) —dam~(m.s)

2am

. . . o) * _
is strictly concave in s, we have 5-2*(m, s)|s=s,,, = 0. Then,

s, since
following the same logic as in the proof of Lemma A.1, we have
—u(x|z,m,s =0.
0s ( | R ) r=x*(mM,s),5=5m 1
Then, based on the expression of u(x|x,m,s) in Equation (A.22), we have

Sm1 = % +2(r — %)[m(u +0) = Rp (2" (m, 5m,1))]- (A.26)

Taking the derivative of s,, with respect to r, we have

Equ =2(r — i)b(,u —0) <8rx (m,s) . + %x (m,s) s=sm7187’87n71)

+2[m(p+0) — Rp(x"(m, spm.1))]

—2(r— Yot — 012 L a*(m, s)

5 or +2[m(p+0)— Rp(x"(m, sm1))],

5=5m,1

where the second equality holds because Zz*(m, s)|,—s,, , = 0. We have shown in part (i) of Lemma

A.6 that x*(m,s) increases in r. Moreover, we have shown in the proof of part (i) of Lemma A.6

that m(u+0) — Ry (z*(m,s)) > s >0 for any s € [0,5]. Thus, we have s, ;> 0.

Next, we prove that if s,,; <5, then s, increases in m. To do so, as we already know that
x*(m, s) increases in s if and only if s < s, ; and that %x*(m, 8)|s=sm1 = 0if 5,1 < 5, it is sufficient

& x*(m, s)|s=s,,, > 0. Let A(m,s) = *(m,s) — 4o, y(m, s). By

omas

to prove that if s,,; <5, then

taking the derivative of x*(m,s) with respect to m and s, we have

82
8m88x*(m78) S=8m.1
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1 1 0? 0 0, 1
_m <A 2(m75m,1) % 3m38A(m7s) 5=Sm,1 + %A(m S) 5=8m,1 %A Q(m,S) ssmyl)
1 0 0 1
:m X %A(m,s) o 85A 2( ) N (A27)

where the second equality holds because, when o, =0, through algebraic calculation, we have that

affa A(m, ) =2X*(r — 5)b*(u+0)(u—0)?0? = 0. Moreover, we have -~ >0 and, when o, =0, we

have —A(m s)=Ab(p —0)?(n+ o) (c+ b — )?) > 0. Therefore, by Equation (A.27), to prove

that mx *(m, 8)|s=s,,, >0, it remains to show that %A*%(m,s)\s sma1 = 0.
As discussed above, we have %% (m, s)|,—s,, , =0 when s,,; <5. Then, we have
0 0 — At
-z (m, s) = 0 Zhlms) A3 (m3) =0.
0s 5=8m,1 0s 2CVm 5=8m,1

From the expressions stated in Lemma A.4, we know that Q(—ﬂ (m,s)) >0 and a, is independent
of s. Then, we must have —Af(m $)|s=spns < 0. Therefore, we have 2 A~z 2(m, s)], s=sm1 = 0, which
implies that mx*(m, 8)|s=spp1 > 0. Therefore, Sm.1 increases in m if s, 1 <S5.

Case 3: Suppose z*(m, $,,,1) > x2. Then, according to Lemma A.4, we have x*(m, s,,, 1) = (mpu —
Am2(0% 4 02) 4+ £8m1 — Ak, |+ 2X0(r — 3)smam)/c. Since s, < § and (mp — Am?*(0? + 02) +

25— 1A +2Xo(r — 3)sm)/c is a quadratic concave function in s, we have

O mpu—Am?(0? +02)+ 35— 1As® + 2 o (r — 3)sm

—a* = =0.
63x (m78) 5=8m,1 0s C $=5m,1
Thus, we have
1 1
mi=—~+4(r—=)mo, A2
Sm1 =+ (r 2)ma (A.28)

which increases in m and r.
Combining all three cases, we conclude that if s,, ; <5, then s,,; increases in both m and 7.
Step 3: We prove that given m € [0,m], there exists a threshold r,,; such that s,,; < § if
7 < 7Tp1. To construct the threshold r, 1, we let 77, , € [2,1] denote the lowest index accuracy such
that s, = 5. Such 7], , exists because we have s,,; =35 when 7 =1 (see Step 4). Therefore, for

any r <7, ,, we have s, <35, and thus letting 7,1 =7/, ; is sufficient for the conclusion in Step

m,17 m,1

3 to hold. To gain further insights into when 77, , is guaranteed to be strictly higher than %, we

next study the relationship between s,,; and 5 when r = 3. If s,,1 <5 when r = 3, then 7/, | > 1;

If 5,1 =5 when r = 1, then ], , = ;. Given r = 1, consider the following three cases:

Case 1: Suppose z*(m, S,,,1) < x;. In this case, as shown in Step 2, the floor price m is inactive
for any s € [0, 5], and we have s, ; = s; as defined in Proposition 1. Given r = 3, we know from the
proof of Proposition 1 that s; = X < § if and only if r{ > 5. Therefore, we have Sm,1 < § if and only

if 1 > 1. That is, we have 7/, ;> 1 if and only if r; > 3.
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Case 2: Suppose £*(m, Sp,1) € (21, 22). Given r =1, if 5,1 <3, we know from Equation (A.26)
that s,,,1 =1 +2(r — 3)[m(u+0) — Ry (z*(m, 5,,,1))] = +. Then, similar to Case 1, we have ], ; > 1
if and only if r > %

Case 3: Suppose x*(m, $,,.1) > 2. Given r = %, if s,,1 < 5, we know from Equation (A.28) that
Sma =3 +4(r — 3)mo = ;. Then, similar to Case 1, we have , ; > 3 if and only if r; > 3.

Step 4: We prove that given m € [0,m], there exists a threshold 7, » such that s,, ; = §if r > r,, .
Let 17, , € [3,1] denote the lowest index accuracy such that s,,; =5 for any r >/, ,. If such 7/, ,

exists, then letting 7, » =17/

m,2

is sufficient for the conclusion in Step 4 to hold. We next prove the
existence of 7, , and further show that 7/, , < 1. First, we prove the existence of 7, , € [%,1]. To do
so, it is sufficient to prove that when r» =1, we have s,,; = 5. Given r =1, consider the following
three cases:

Case 1: Suppose z*(m, S;,,.1) < x1. In this case, as shown in Step 2, the floor price m is inactive
for any s € [0, 5], and we have s,, 1 = s; as defined in Proposition 1. Given r =1, we know from the
proof of Proposition 1 that s; =5. Thus, we have s, ; = 5.

Case 2: Suppose z*(m, s;m1) € (71, x2). We prove s, ;1 =5 by contradiction. Suppose s,,1 < S.
Then, by Lemma A.5, we have s, 1 <m(u+o0) — R (x*(m, $,,1)). On the other hand, given r =1
and s,,1 < 5, by Equation (A.26), we have s,,1 = 5 + 2(r — 3)[m(p + o) — Rp(z*(m,$m1))] >
m(pu~+ o) — Ry (z*(m, S;,1)), which leads to a contradiction. Hence, we have s,, ; = 5.

Case 3: Suppose z*(m, s, 1) > x2. We prove s,, ; = 3§ by contradiction. Suppose s,, 1 < 5. Then,
by Lemma A.5, we have s,,1 <m(u+0) —m(pu— o) =2mo. On the other hand, given r =1 and
Sm,1 < 5, by Equation (A.28), we have s, =+ +4(r — 1)mo > 2mo, which leads to a contradiction.
Hence, we have s,,; =5.

Combining all three cases, we conclude that s,, ; =5 when r = 1. This result implies the existence
of ., €[5,1].

Next, we prove that r;, , < 1. Recall from the proof of Lemma A.4 that when ¢ > c3, the equilib-
rium planting amount is given by x*(m,s) = Z(m, s). Following a similar analysis as in the proof
of Proposition 1, it can be shown that for any given m € [0,m], there exists a threshold § > 0 such

that 2&(m, s)|s—s =0. Then, we have s,,1 = § if § <5, and we have s,,; =5 if §> 5.

Suppose 7,, , = 1. Since § and s are continuous in 7, by the definition of 7/, ,, we have s,,;1 =8=35
when r =1/, , = 1. Then, we have £z*(m,s)|,—, , =0 when r = 1. Then, following a similar
) S m,

analysis as in the proof of Proposition 1, for the three cases where z*(m, s,,1) < x1, *(M, $1) €
(1,22, and x*(m, S;.1) > T2, we have Equations (A.15), (A.26), and (A.28), respectively. In each
case, the corresponding equation implies s,,; > 5, which leads to a contradiction. Therefore, we
have 77, , <1.

Combining all four steps completes the proof of the lemma when o, = 0. We next prove the

lemma when o, > 0.
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When o, > 0, since the expression of x*(m, s) remains strictly concave in s in each of the three
cases where x*(m, s) < xq, x*(m,s) € (z1,22], and x*(m, s) > x,, respectively, it is straightforward
to check that Step 1 of the proof remains valid. Moreover, our analysis in Step 4 for s,,; =5 when
r =1 continues to hold for o, > 0. Therefore, r;, , (defined in Step 3) and r;, , (defined in Step 4)
remain well-defined, and thus Steps 3 and 4 of the proof remain valid.

It remains to prove Step 2 for 0. > 0. Consider any given m € [0,7] and r € [$,1]. Suppose s,,,1 <
s. If x*(m, s;m 1) < 1, as discussed in Case 1 of Step 2 above, we have s,, 1 = s1, which increases in r
and is independent of m. If *(m, s,,,.1) > x2, Equation (A.28) continues to hold for o, > 0, and thus
Sm increases in r and m. If *(m,s,,.1) € (x1,x2], Equation (A.26) continues to hold for o, > 0,

and thus s,,; increases in r; it remains to study the sign of aism 1. As discussed earlier in Step
, m Sm,

2 of the proof, given s,,; <5, to show %sm,l >0, it is sufficient to show %x*(m,sﬂs:sm,l > 0.
When x*(m, s;,.1) € (1, 22], by Equation (A.27), we have
o
8m85$ (m, s) 5=5m,1
1 ) 0? 0 0 1
= [A"2 mi) X A(m, —A(m, —A"2(m, )
40ém < (m78 71) omads (m S) 5=8m,1 + om (m S) 5=5m,1 Os (m 8) s=sm71>

Since A(m, s) = %(m, s) — 4a,,y(m, s), we have

92
Omads

A(m, 5) = 202(r = )W (u-+ ) (1 — 7)o 0,

which implies that
2

Nl

A~ A(m,s)>0. (A.29)

(m,s) x

maos

Through the same analysis in Case 2 of Step 2 above, we also have %A_%(m, 8)|s=sm.1 = 0. More-

over, since we have

o Ams)| | =200 el o)+ bl ) )

m $=Sm,1

1 1
+ bo? <2(,u+ o) = m(p® +o*) +Mp+o) <T‘ - 2) Sma1 — Amaf) ] ,

there must exist . > 0 (independent of r) such that if o, < 7., we have %A(mas)\s:st > 0.
82

Thus, if o, < 5., we have mav*(m,sﬂs:sm1 > 0, which implies %Sm,l >0. If 0. > ., then ana-
lytically characterizing the sign of aflzsx*(m,s)\szsm’l becomes challenging. To address this, we

next define a new threshold 7, for the lemma to hold for a general o.. In particular, let r}, ,

denote the lowest index accuracy (or the infimum if the lowest is not attained) within [1,r/ ]

2
such that 525-a*(m, s)|
82

have 525-2%(m, 8)s=s,,, = 0 if 7 <7}, ;. Thus, letting 7., , :=7

. . : " — !
< 0 (if no such index accuracy exists, we let r;, ; =7, ;). Then, we

$=8m,1

"
m,1

/

and 7,9 =1, , is sufficient for

the lemma to hold. Further, based on our analysis above, we know that 7, ;, =7, ;, when o. < 0.

m,l — 'm
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When o, is higher, we may have r, ; <7, ,. However, we next prove that r ; is lower bounded

by another threshold.

For any r <r/, ,, we have %z*(m, s)|,,, , =0. Thus,
dz*(m, sm1)  Ox*(m,s) 0Sm1 ~ Ox*(m,s) _ 0x*(m, s) >0
dr - 0s 5=58m,1 or or 5=8m,1 - or 5=8m,1 =

where the inequality follows from part (i) of Lemma A.6. Moreover, x; is independent of 7.

: " 1 . * "
Thus, there exists a threshold 7, | € [5,77,,] such that x*(m,s,, 1) <z for any » <7, . When
a? _ " "
(M, 8pm,1) <1, we have 52--x%(m, s)|.=s,, , = 0. Therefore, we must have r;, , > 7.’ ,. Moreover,

since x*(m, s,,.1) decreases in A while z; is independent of A, if A is higher than a certain thresh-
old, then we have z*(m, s,,1) < z; at r = % By continuity, this inequality continues to hold for r
sufficiently close to 3, implying . ; > 1.

Before concluding the proof, we note that, in order to use the same thresholds r,,; and 7,2 in
this lemma and Proposition 3, we will update the definitions of r,, ; and r,, » within the proof of

Proposition 3. 0O

Proof of Proposition 3. By the expression of the net benefit v(m,s) introduced in §5, given

m € [0,m] and s € [0, §], we have

2* (m,5)
v(m,s) =E [/0 (max{(a —bx*(m,s)Y),m} xY + sl —xc)dx | — x*(m, s)E[s]]
—z*(m, s)E[max{m — (a — bx*(m,s)Y),0} x Y]

=y X 2% (m, 8) — vy X (2*(m, s))>.

where v; = ap and vy = b(p? +0?) + 1c. We have 2P = 5. as the value of z*(m, s) that maximizes
v(m, s). Thus, given m, the optimal s*(m) must make x*(m,s) as close to x°?" as possible.

Given m € [0,7m] and s € [0, 3], let w(m,s) denote the total expected government expenditure.
That is, w(m,s) = z*(m,s)E[sI] + x*(m, s)E[max{m — (a — bz*(m,s)Y),0} x Y]. With a slight
abuse of notation, let S =10,5]N{s:w(m,s) < B} denote the feasible set of s. (Note that the set
S depends on r and m; for notational simplicity, we omit these dependencies.) Without loss of
generality, we focus on floor prices m for which S is non-empty. Since we consider m such that
x*(m,0) <P, s*(m) must satisfy either (i) s*(m)=argmaxz*(m,s) and z*(m,s*(m)) < z°P*, or
(ii) s*(m)=inf{s € S:a*(m,s) = x°"'}. N

Step 1: We prove that there exists a threshold r,,; € [%, 1] such that %s*(m) >0if r<rya.

"

First, we construct the threshold r,, ;. As shown in the proof of Lemma A.7, when r <7/ |, we
oz* (m, . . . ..
have 22-(m-s) ls=s,. , =0 and s,,; increases in r, where s,, ; is defined as the maximizer of x*(m, s)
Os m,1 5 ) s 5

among all s € [0, 5]. Moreover, as shown in part (i) of Lemma A.6, x*(m,s) increases in r. Thus,
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1 .

7
§7Tm71

m,19

when r <r we have that w(m,s,, 1) increases in 7. Then, there must exist 7, € | ] such
that for any r < r,,;, we have w(m,sm, 1) < B.

Recall that the equilibrium planting amount is increasing in the index accuracy by part (i)
of Lemma A.6. Let 7., . € [,1] denote the lowest index accuracy under which there exists some
s € § such that x*(m,s) = z°?*. (Let 7,,.=1 if no such index accuracy exists.) Define 7, ; :=
min{7,, p, "m.c }-

Consider r < 7, 1. Since r < 7,1 < Tpe, $*(m) must satisfy x*(m,s*(m)) < z°P" and s*(m) =
arg maxx*(m,s). Moreover, since r < 7,1 < 'y, ;, we have s*(m) = s,, ;. We have also shown in

seS
9

Lemma A.7 that %Sm,l >0 when r <7,,; < r;;’l. Therefore, we have %s*(m) >0ifr<rpi.

Step 2: We prove that there exists a threshold r,, » € [1,1] such that 22-s*(m) <0 if 7 > 7y, 5. In

order to construct the threshold r,, o, we let 77, , € [2,1] denote the highest index accuracy (or the

supremum if the highest is not attained) such that ;%-2*(m, s)|s—sm) <0 (let 7/, , = 3 if no such
index accuracy exists). Then, for any r > ,, we have 22 (m, 5)|s=s*(m) = 0. We later discuss in

detail when 7)) , is guaranteed to be strictly less than 1.
Recall that the equilibrium planting amount is increasing in the index accuracy by part (i)

of Lemma A.6. Let r;, . € [2,1] denote the lowest index accuracy under which there exists some

s € S such that z*(m,s) = z°" for all v >/, . Define ry, » :==max {r/., ,,7,, .}. We now prove when

m,2 " m,c
9

T > Tpa, We have 32-5"(m) < 0. Given 7> 7,5 > 7

I
m,c?

following similar logic as in Case 1 of the
proof of Theorem 1, we have that s*(m) must satisfy s*(m) = inf{s: 2*(m,s) = x°"*}. Since we
consider z*(m,0) < z°" and s*(m) is the lowest subsidy amount that satisfies x*(m, s*(m)) = z°*,

we must have x*(m, s) increases in s at s = s*(m). Moreover, since 2°P" is independent of m and we

have 52" (m, 5)|s=s+(m) > 0 When 7> 1,5 > 7

inf{s:a*(m,s)=x""}.

"
m,2)

s*(m) must decrease in m to maintain s*(m) =

"
m,2

Before concluding the proof, we now discuss when r , is guaranteed to be strictly less than 1.

In particular, we show that 7, , <1 when X is low or o, is low. We note that it is reasonable to

construct 7, , <1 only for relatively small o.. Specifically, recall that the key insight for the second

part of the proposition is that price and yield protection are substitutes (i.e., %5*(77@) <0) when

the index is sufficiently accurate. If o, is too large, the index does not accurately predict yields
even when r = 1; in such cases, the two policies may function as complements even when r =1.

To prove 1, , <1 when A is low or o, is low, it is sufficient to prove that when A is low or o,

is low, we have %x*(m,s) >0 for any r € [3,1] and s € [0,5]. Since if m =0, z*(m,s) = z*(s)

and the conclusion is immediate, we only consider m > 0 in the following. Specifically, consider

. uto m . .. . . . .
A <min{ 25 T Tme? +2m0?} (note that this condition is easier to satisfy when o, is lower).

Fix an r € [3,1] and an s € [0,5]. By Lemma A.4, there exist two thresholds m; and m, that

indicate whether the floor price m is active. Accordingly, we consider the following three cases:
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Case 1: Suppose m <m;. Then, by Lemma A.4, we have z*(m, s) = x*(s) and a%x*(m, s)=0.

Case 2: Suppose m € (my,ms]. To prove a%x*(m, s) >0, following the same logic as in the proof

of Lemma A.1, it is sufficient to prove that ;%u(x|2,m, s)|s—z*(m,s) = 0. By Equation (A.22), we

have

el =(a+o) (1—1A<m<u+o>—RL<x*<m,s>>>+A(r—;) ) ~ma

where the first inequality holds because Ry (x*(m, s)) > 0 and A(r — 3)s > 0, and the second inequal-
ity holds given that A < pto

m(,u,+o')2+2mo'e2 :

Case 3: Suppose m > msy. By Equation (A.25), we have

=2 m(c*+02)+2Xo (r—3 —2 2to?
ix*(m,s):u m(c® +07) + U(T Q)SZM Am(o +Ue)20’
om c c
where the last inequality holds given that A < m Combining all three cases, we conclude

€

that when X is low or o, is low, if r is higher than a threshold strictly less than 1, then we have

%a:*(m,s) >0 for any s€[0,5]. O

Before the proof of Theorem 2, we prove the following auxiliary lemma as a building block.
Let (m,s) € argmax x*(m,s). (If there are multiple joint optimizers, we adopt the same tie-
breaking rul(;n;[soy%nc};e(%ﬂ,s*).) Let 1y = inf{argmaxz*(m,0)}, and let §, = argmaxz*(0,s). Note
that 5y is the same as s; defined in Propositiogel[(,)’g]]nd we use Sy here to align vf/i%ﬂthe notation for
mg. For any given planting amount x € (0,1), let Py(z) =a—bx(u+0) and Pr(x) =a—bx(u— o)

denote the market prices when Y =+ 0 and Y = pu — o, respectively.

Lemma A.8. (i) For any r € [1,1] such that § <§ and 3, < §, we have § > 3.

(i) When r= 1%, if m =0, we have mg=0.

(ii)) When r =3, if § <5, 80 <35, and m > Py(z*(m,8)) > Py(z*(m,8)), then we have ¢ <
2ax*(0,80) + Bo, where a = 4Nb*u?0? + Ao (u? 4+ 02)o? and By = b(u? +0?) + c — 4 abuo? — 2 abuo?
are defined in Lemma 2.

(w) For any r > % such that § <3, 8y <§, m > P(z*(m, §)) > Py (x*(m, 8)), and m > P (z*(0,3)),
we have ¢ < 2ax*(0,80) + B(S).

Proof of Lemma A.8. (i) Given that §, < s, by Equation (A.15), we have

=142 ( ;) (R (0,50)) — Ra(z*(0,50)] < £ +2 ( ;) (R (°(0,8)) — Ru(a(0, )],
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where Ry(z) = Py(z)(p+ o), Rp(x) = Py(z)(1n — o), and the inequality holds because Ry (z) —
R (x) =2a0 —4bxpuo is a decreasing function of = and we have x*(0, §9) > x*(0, §) by the definition

of §p. Moreover, given that § < s, by Equations (A.15), (A.26), and (A.28), we have

5= % +2 <r - ;) fmasc{ Py (2 (1, §)), 1} (1 + o) — max{ P (2 (1, 8)), 7} (. — o).

Thus, to prove that § > §y, it is sufficient to prove that max{Pg(z*(1h,3)),m}(u + o) —
max{ P (z*(m,$)),m}(p — o) > Rg(z*(0,8)) — Rr(2*(0,8)). To do so, we consider the following
three cases:

If Pp(z*(,5)) > Py(x*(m,$§)) > m, then we have z*(m,s) = 2*(0,5). Therefore, we have
max{ Py (z*(m,$8)),m}(pn+ o) = Py(xz*(m, ) (u+0) = Ry (z*(m,§)) = Ry (x*(0, §)). Similarly, we

have max{ Py, (z*(m,$)),m}(n— o) =Ry (z*(0,5)). Hence, we have
max{ Py (z*(m, §)),m}(n+ o) — max{Py(z*(m,8)),m}(n—0) =Ry (x*(0,8)) — Rp(z"(0, §)).

If Pp(z*(m,8)) > m > Py(xz*(m,S§)), then we must have m > Py (z*(0,5)) (because in Step 4
of the proof of Lemma A.4, we have proven that for any given m € [0,m] and s € [0, 5], we have
m < Py (x*(0,s)) if and only if m < Py (z*(m,s)); thus, if m < Py(z*(0,38)), we would have m <
Py (x*(m,$))). Therefore, we have max{Py(z*(m,$)),m}(u+ o) =m(u+ o) > Py(z*(0,8))(pn +
o) =Ry (z*(0,5)). Moreover, we have z*(1h, §) > x*(0, §) and thus max{P.(z*(m,3)),m}(p—0o) =
Pr(z*(m,8))(n—0) = R (x*(m, §)) < Ry (2*(0,38)). Hence, we have

max{ Py (z*(m,$8)),m}(u+ o) —max{P(z*(m,s)),m}(p—0c) > Ru(z"(0,5)) — R.(x*(0, §)).

If 7 > Pp(x*(m,s)) > Py(z*(m,§)), then we consider the following two cases: On the one
hand, if 7 < Pp(2*(0,8)), then we have max{Py(z*(m,3§)),m}(u— o) =m(p—o0) < Rp(z*(0,8)).
Moreover, as discussed above, given that 7 > Py (x*(1h, §)), we have m > Py (2*(0,5)), and thus

max{ Py (z*(m, 8)),m}(p+0o)=m(p+0o) > Ry (z*(0,8)). Hence, we have
max{ Py (z"(m, §)),m}(n+ o) —max{Py(z"(m,§)),m}(n—o0) >Ru(x*(0,8)) — Ry(z"(0, §)).
On the other hand, if m > P (2*(0,3)), then we have

max{ Py (2" (1, 8)), 1} (14 o) — max{ Py (& (1, §)), 1} (u — )

=m(p+ o) —m(u—o)

>Ry (2(0,5)) — Ry (27(0,3)),

where the second inequality holds because Py (z*(0,5)) > Py (x*(0,3)).
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Combining all three cases, we have max{Py(xz*(m,3§)),m}(u + o) — max{Pr(x*(m, §)),m}(u —
o) > Ry (z*(0,5)) — R(2*(0,38)), and thus § > §,. This completes the proof of part (i).

(ii) Consider r = . Suppose 7 = 0. In order to prove 1o = 0, it is sufficient to prove that neither
Py (z*(mo,0)) > 1o > Py (x*(1ho,0)) nor 1mg > Pr(z* (Mg, 0)) > Py (z*(10,0)) can hold.

First, we prove by contradiction that we cannot have Py (z*(1,0)) > g > Pg(2*(11,0)). By the

definition of 772y, we must have 22" (m,0)|,n=, > 0. Suppose Py, (z*(rig,0)) > rig > Pp(z*(1ho, 0)).

We next prove that 2" (m,0)|,,—, < 0, which leads to a contradiction.

Given that 7 = 0, by the definition of m, we have z*(m,§) = 2*(0,8) > z*(m, §) for any m €
[0,m]. More specifically, let m’ = Py (z*(0,8)), then for m € [0,m’], z*(m,s) = 2*(0,8) is inde-
pendent of m. When m further increases from m = m/, z*(m, $) must start to decrease, i.e., the

(right) derivative of 2*(m, s) with respect to m must satisfy z-2*(m, s)|m=m’ s=s < 0; otherwise, if

2 2%(m, 8)|m=m.s=s > 0, then there must exist an m >m’ such that z*(m, §) > *(0, §), which con-

om
tradicts 7 = 0. Therefore, following the same logic as in the proof of Lemma A.1 and by Equation
(A.22), the (right) derivative of u(z|z,m,s) with respect to m must satisfy

0

—ulxlx.m. s
om ( | T )w:‘r*(mﬁs),m:m’,s:§

=(u+o) (1 _ 1/\(m’(u +0) — Rp(z*(m/, é)))) —xm/o?

2 2

~+) (5 = A Bl (0.8) - Rue”(.9) ) = '

—(i+0) <; _ %)\(RH(w*(O, §)) = Ry (2" (0, 3)))) ~am'o?
<0, (A.30)

where the last equality holds because we have x*(m,§) = x*(0,8) for any m € [0,m'] (as dis-
cussed above). Further, because z*(0, §) = z*(m, §) > z*(0,0), we have Ry (z*(0,5)) — R (z*(0,5)) <
Ry (2*(0,0)) — Rr(2*(0,0)). Therefore, we have

Ry (x7(0,8)) — Rp(z7(0,8)) < Ry (2(0,0)) — R (x*(0,0)) < mo(p+ o) — R (x*(110,0)), (A.31)

where the second inequality holds because (1) as discussed in the proof of part (i), given 7y >
Py (z*(m0,0)), we must have mg > Py(2*(0,0)) and thus 7y(p + o) > Py (2*(0,0))(n + o) =
Ry (2*(0,0)), and (2) z*(r0,0) > 2*(0,0), and thus Ry (x*(m0,0)) < R (z*(0,0)). Moreover, since
x*(0,8) > x*(1y,0), we have m’ = Py (2*(0,5)) < Py (z*(10,0)) < 1. Hence,

0

%U($|x,m78)

z=xz*(m,s),m=rg,s=0

~+) 5 = gA0l-+0) ~ Rl (10.0) ) = Mo’

<lp+a) (5= A B (0.6) - Raa”(0.9) ) A

<0

)
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where the first inequality follows from Equation (A.31), and the second inequality follows from

Equation (A.30). Therefore, we have 22-2*(m,0)|,n—m, < 0, which leads to a contradiction.

Next, we prove by contradiction that we cannot have 1y > Pp(z*(m0,0)) > Py (x*(10,0)).
Suppose Mg > Pp(z*(10,0)) > Py (xz*(10,0)). Then, for any s € [0,5], we must have mg >
Py (x* (1o, s)) > Py (x*(1g,s)) (because given r = £ and m =0, we know from Equation (A.15)
that the maximizer of 2*(0,s) is § = min{3,5}; then, from Equation (A.25), we can see that the
equilibrium planting amount x* (7, s) increases in s when s € [0, §]). Therefore, for any s € [0, §],

_ingp — Mg (0® +02) + 55 — 7 As”

x* (1o, 8) = . (A.32)

Thus, we have L
0 5 — 5AS
—ax*(1hg, s) = 2—2—.

0s c

On the other hand, from Equation (A.7), we have, when r =1,

ou(z|x,0,s)/0s

ou(z|z,0,s)/0x la=a*(0,s)
e

B 2ax*(0,8) + By’
where o = 4\b*p?o? + \b?(u? 4+ 0?)o? and Sy = b(p? + 02) + ¢ — 4 abuoc? — 2 abuc? are defined in

o ., B
55 (0,s) =—

Lemma 2.

Since m =0 and 1y > Pp(z*(1,0)), we must have x*(my, 5) < x*(0, §) and x*(1g,0) > *(0,0).
Then, given the continuity of z*(7hg,s) and z*(0,s) in s, there must exist s € (0,5] such that
x*(mg, s) =x*(0,s). Let s. be the smallest such value, and denote & = x*(mq, s.) = 2*(0, s.). Sup-
pose s, < 1. We next prove that 2 x* (1, s)|,—s, > £2*(0, )5, , which contradicts the minimality
of s..

To prove 2z*(rhg, s)|s=s. > 227(0,5)|ss,, it is sufficient to prove that ¢ < 2ai + fy. Since
u(Z]#,0,s.) =0 and r = £, by Equation (A.5), we have

1 1
af2+50$+'}’0 — §Sc+ Z)\S? =0

where vy = Aa*(0? + 02) — au. We also have, by Equation (A.32),

1 1
ci = mop — Ma (o +o02) + 35~ 1)\85.

Then, combining two equations above, we have
(20 + By — ¢)& = ai® — o — Mop + Ay (0? + o2)
= az” + (a— 1) p— Ma® —1ng)(0” + o?)
= i’ + (a — o) (1 — Aa+100) (0 + 7))
= i’ + (a — o) (p — 2Ahg(0? +07)) — Aa —19)*(0” + 07)
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Thus, to prove ¢ < 2« + Sy, it is sufficient to prove that u — 2Mhg(0? +02) >0 and ai? — A(a —
mo)?(c? +02) > 0. Due to the optimality of 7y, we have

— 2\ 2 2
7.1)*(771,0) — I )\mo(O' +Ue)

>0
om m=rhg c -

which implies u — 2 hg(0? 4+ 02) > 0. Moreover, we have

ai® — Na—mg)*(0? +02) > ai® — \b*3*(u — 0)* (0 + 02)
= (4N’ + Xb* (1* + 0°)0?) & — A& (n — 0)*(0” + 02)
R (44207 + (4 + 02)0? — (5 — o) (0% + 0?)
= \0*%’0(3p’0 + 2uo? +2uc* — o)

> 0.

Therefore, we have ¢ < 2a& + fy.

Suppose s, = i We have %w*(mo, $)|smse = %x* (0, 5)|s=s., and

2 2
9 09| =5 “smari g = o O,

Then, we must have x*(my,s) < z*(0,s) for all s sufficiently close to s, from the left, which con-
tradicts the minimality of s.. This completes the proof of part (ii).

(iii) Since r =1 and § < 3, § <, by Equations (A.15) and (A.28), we have § = §, = 1. First, as
a building block, we prove that m > P (2*(0,5¢)). Since m > Pr(z*(m, §)), following the analysis
in Step 4 of the proof of Lemma A.4, we cannot have 1 < Py(z*(0,5,)). Therefore, it is suffi-
cient to prove that we cannot have Py (x*(0,5)) < m < Pr(x*(0,80)) by contradiction. Suppose

Py (2(0,30)) <102 < Pp(2%(0,3)). Then, by Equation (A.22), when r =1, we have
w2 (0, 80) | (0, 30), 712, 30) — u(z* (0, 30) | (0, &), 0, 40)
= (o) — Rue"(0,5)))
(0 +0) = R (0,50)))" ~ (R (0, ) — Rua”(0,50)))°)
(m2 — Py(2*(0, go))2)a§.

DO | > | >

Moreover, we have

(m(p+0) — Re(27(0,5)))” = (Ru(z*(0,80)) — R(2*(0,3)))”
=2(Ryr(2*(0,50)) — Ri(27(0,5))) (s + 0) = Rer(27(0, 50)))
+ (m(n+0) = Ru(2"(0,5)))”
>3 (il 0) = Rag(*(0,50))) + (il 0) = R (20, 80)))’,
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where the inequality holds because by Equation (A.15) and Lemma A.5, we have Ry (z*(0,3)) —

Ry (2*(0,380)) > 8y = 1. Therefore, combining the two equations above, we have

u(x*(O, §0) | I*(O, §0), m, go) — U(SU*(O, .§0) | CC* (0, .§0), O7 §0)

<- g(m(ﬂ +0)— Ry (x*(0, §0)))2 - %(mQ — Py (27(0, .§0))2)0'€2 <0.

By the definition of 2*(0, ), we have u(x*(0,5) | *(0, 8),0,50) = 0. Thus we have u(z*(0, $o) |
x*(0,5¢),mM,80) < 0, which implies z*(0,5q) > x*(m, §9) = 2* (1, §). It contradicts the definition of
m and S.

Next, we prove that ¢ < 2az*(0,5q) + [o. Since § =85 =

(A.25) we have

o
=
o,
8
*
>
“QIJ)
N~—
V
8
*
=
»>
N
lon
<
3!
e}
o
&
=
o
=

A N . 1
a(x*(0,80))* 4+ Box™(0,50) + 70 —

o

where vy = Aa*(0? + 02) — au. Combining the two equations above, we obtain

(2027 (0, 30) + Bo — )2 (0, 30) > o (0, 80))% — Yo — 1t + M2 (0 + 02)
= a(z*(0,30))* + (a —m)pu — A(a® —m?)(0” + 0?)
= (a7 (0,80)) + (a—1i) (5= Aa+ 1) (0 + 02)
= a2 (0,80))% + (@ — 1) (1 — 220 + 02)) = Ma — 11)*(0® + 02).

By similar logic as in the end of the proof of part (ii), we have p — 2\(o? + 02) > 0

- 2 2
because 32-x*(m, 50)|m—p = p=2Xm(@7400) > (). We also have proven that 7 > Py (z*(0,3)) = a —

c

bx*(0, 8) (1 — o). Hence, we have

(2az*(0,30) + Bo — €)x*(0, 50) > a(x™(0, 50))* — Ab*(2*(0,80))* (1 — 0)*(0* + 77)
= A0 (@ (0,50)) (42%0% + (1 + 0%)02 = (= 0)(0* + %)

= \b*(2*(0,80))% 0 (3’0 + 2u0? + 2p0? — 0*) >0,

which implies ¢ < 2ax*(0, 59) 4+ fo. This completes the proof of part (iii).
(iv) Similar to the logic in the proof of part (iii), by Equation (A.25), we have

1. 1 1
cx*(0,30) < cx*(1h, 8) = mu — M (o* +0?) + §§ - 1/\§2 +2\o (7‘ - 2) Sm.
Moreover, by Equation (A.5), we have

a(z*(0,30))* + B(30)2*(0, 30) +v(50) = 0.
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Therefore, we have
(2ax*(0,50) + 5(80) — ¢) (0, 80) =a (z* (0, §0))2 —v(80) — cx*(0, 8)
>a (20, 50))° —v(50) — ca* (i, 8)
=a (27(0,50))* — 7(30)
A A2/ 2 2 1, 1., 1Y .
— |7hp — Ai® (o —|—J€)—i—§5—1)\s +2)\o r—g)sm.

Since we have § < 5 and 3, < 5, by Equations (A.15) and (A.28), we have § = § +

4(r—3)o(a—2bpz*(0,5)) and § =1 +4 (r — 1) orh. Then, the inequality above becomes

(2az™(0, 80) + B(80) — ) 7(0, 89) > (a — ) [u — 2 m(o® +02) +2 <r - ;) o+ 8\ <7’ - ;) 2 027?1]
+a (2%(0,50)) = Ma —m)?(a? + 0?)
4 (7“ ~ ;) o? [(a —n)? — 4 (2 (0, §0))2} .

The term in the first bracket is non-negative because we have

Ox*(m,8)|  _ p—2Nm(o”+07)+2x0 (r—1)3
om  lm=m c
p—2xm(c? +02)+2(r—3)o+8X (r—%)202m
B c
>0

)

1 + 4(r—2%)om. Then, to prove

where the second equality holds because § =
202 (0,30) + B(30) — ¢ > 0, it remains to prove that a(2*(0,3))° — AMa — m)2(02 + o2) +
AN (r= 1) 0% |(a =) — 4822 (27 (0, 50))°| = 0.

To do so, given m > Pp,(z*(0,50)), we have b(p — o)z*(0,50) > a —m > 0. Then, we have

a (2%(0,50))% — Ma — 11)2(02 + 02) + 4) (r - ;) 2 [(a —)? — 4b2? (2 (0, go)ﬂ

>\ (0, 50))° {4u202 + (12 +0)0% — (10— 0)*(0? +0?) +4 ( - ;) o [(—0)? — 442’ }

=Ab? (w*(0,§o))2{ [1—4 <T_ ;) ] o [4p* = (n—0)’] +o? [ + 0 — (u—0)] }

>0.

Note that the equality to 0 holds if and only if r=1 and 0. =0. If r =1 and o, =0, then we have
both p1— 2 (0?2 +02) +2 (r— 1) o +8X (r—%)202m>0 and a —m > 0 because § < § <2ac and
§= 1+ 207n. Hence, in all cases, we must have ¢ < 2az*(0,3) + 5(30). This completes the proof

of part (iv). O
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Proof of Theorem 2. Following similar logic as in the proof of Proposition 3, the joint opti-
mal m* and s* must make x*(m,s) as close to xz°P" as possible. Let w(m,s) = z*(m,s)E[sI| +
x*(m, s)E[max{m— (a—bz*(m,s)Y),0} x Y] denote the expected expenditure, and let F = ([0, m] x
[0,5]) N {m,s:w(m,s) < B} be the feasible set of (m,s). Then, since we consider z*(0,0) =z} <

', m* and s* must satisfy either (i) (m*,s*) € argmaxx*(m,s) and z*(m*,s*) <z, or (ii)
m,s)EF
¥ (m*’ S*) — xopt'

We now introduce some notation used in the proof. Let (m,§) € argmax z*(m,s). If there
mel[0,m],s€[0,3]
are multiple joint optimizers, we adopt the same tie-breaking rule as for (m*,s*). Let my =

inf{argmaxz*(m,0)}, and let §, = argmaxx*(0, s). Note that §; is the same as s; defined in Propo-
me[0,m] s€(0,3]
sition 1, and we use §; here to align with the notation for 1. Given a planting amount x € (0, 1),

let Pg(z)=a—bx(u+o) and Pr(z)=a—bx(u— o) denote the market prices when Y = 1+ o and
Y = — o, respectively. We next prove the theorem in the following three steps.

Step 1: We prove that there exists a threshold r;, 5 such that if » <7}, 5, then both m and s

m,3?

increase in 7. Recall that (m,$) € argmax x*(m,s). Then, we must have either § <5 or §=3.
me[0,m], SG[O 3]
As an intermediate step for constructing 7, 5, let 77/, 5 € [3,1] denote the lowest index accuracy

such that § = 3. Following a similar analysis as in Step 3 of the proof of Lemma A.7, such an 7}, ,
must exist (because when r =1, for any given m, the subsidy amount s that maximizes x*(m, s)
must be §). Next, we prove by contradiction that for any r <7/, 5, we cannot have Pp(z*(mn,$)) >
m > Py (z*(m, §)).

Consider any fixed r <7, ;. By the definition of m, we have %x *(m, 8)|m=rm,s=s > 0. Sup-

m,3?

pose (i, 8) satisfies Pr,(z*(m,8)) > 1 > Pg(x* (M, §)). We next prove that 222" (m, s)|m=m,s=s <0,
which leads to a contradiction. Since Pr(x*(1h,§)) > 1 > Py(xz*(m, $)), by Equation (A.22),

2w, ~(+o) (5 - gAn+) ~ Rala )+ (= 1) 5)

r=x*(m,§),m=m,s=3§
~ Niho?. (A.33)

[\
N |

Since r <7y, 5, we have § < 5, which by Lemma A.5 implies that 5 <m(u + o) — Rp(2* (1, 3)).
Moreover, since § < 5, we have § = £ + 2(r — 1)[i(u + o) — Rp(z* (1, 38))] by Equation (A.26).

Hence, we have

%)\(m(qua) Ry (" (m, 5))) > %M
= %A x (i +2 (r— 2) [(p+ o) — RL(a:*(ﬁlﬁ))])
_ % A <r - 2) [+ o) — Rp(a* (1, §))]
> % +A (r - ;) 5.
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Plugging this into Equation (A.33), we have

—u(x|z,m,s) <0.

om w=a* (), m=rh,s=8

Then, following the same logic as in the proof of Lemma A.1, we have %x* (m, $)|m=rm.s=s <0, which
1
m,3?

leads to a contradiction. Hence, for any r </ ., we cannot have Pp(x*(m, §)) > 1 > Py (z*(m, §)).
Define 7, 5 := min{r}, 5,71}, where r; is defined in Proposition 1. We next prove that both 7

and § increase in 7 when r <], ;. Without loss of generality, we consider settings where 7/, ;> %

"
m,3?

(otherwise, the claim is trivial). Given that 3 </, 4 <7/ 5, we cannot have Pp(z*(1,8)) > 1 >
Py (z* (1, 8)) when r = 5. Thus, we separate further analysis into the following two cases:
Case 1: Suppose m > Pp(z*(m,§)) > Py (x*(1,8)) when = 1. Then, by Lemma A.4, when

r ==, we have

DO [

~

= MNP (0 +07) + 55— 1A+ 2Xa(r — 3)5m
c

(A.34)

’
m,3?

We first prove that for any r <1/, ., we have m > Pp(x*(m, §)) > Py(x*(m, §)). Since for any r <

/
m,3?

!/

r m,3?

we cannot have Pp,(z*(m, §)) > m > Py(x*(m, §)), it is sufficient to prove that for any r < r
we cannot have Pp(xz*(m,§)) > Py (x*(m, §)) > m. To do so, it is sufficient to prove that for any r <

7,3, we have x*(m, §) > 2*(0,8¢) (because if Pp(z* (1, 8)) > Py (2*(m, 8)) > 1, then the floor price
is inactive, and thus we must have z*(m, §) = 2*(0, 59)). We prove this by contradiction. Suppose

/

for some r <7, 3,

we have z*(m,§) < x*(0,5p). Since we have m > Pr(x*(m,§)) > Py(z*(m,$§))
and thus 2* (1, 5) > 2*(0, 9) when r = 3, there must exist some other r <}, 4 such that z*(n, §) >
2*(0,80) and <Lz* (1, 8) < <-27(0,5)). We next prove that for any r <, 5 such that z* (i, 5) >

d

x*(0,30), we have -

z* (1, 8) > 2% (0, 59), which leads to a contradiction.
Consider some r < r], 5 such that z*(,3) > 2*(0,5). Then, we have m > Pp(z*(1m,3)) >

Py (x*(1, 8)). By the definition of §, we cannot have § = 0 because we have shown in part (ii)

of Lemma A.6 that for any m € [0,m], Zz*(m,s)|s—o > 0; we also cannot have § =5 because
we consider r < r/, 5 <7/ 5. Therefore, we must have 2z*(m,s)|;n—,s—s = 0. Further, we cannot

have m =0 as it contradicts m > Pr(x*(1h,§)) > Py(xz*(m,§)). Therefore, we must have either

%x*(m, 8)|m=rm.s=s =0 or 1 = m. With these properties of m and §, we have

?
%x*(m, §)= %x*(m, s) ‘m:rﬁ,s:é + %x* (m,s) m_m,s_gﬁarm + %x* (m,s) m_m,s_§68r§
9 .
- E:E (m’ 8) m=m,s=3§
 2odm
==,

where the last equality follows from Equation (A.34) (which holds because we have m >

Pr(z*(m,8)) > Py (z*(m, §))). Note that even when 7 or § is not continuous or differentiable in
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r, we have -a*(m, §) > Za*(m,s)| = 222" because considering how m and § change in r
could only further increase z* (1, §). We also have
d . J ., 0 0 .
e (0, 50) P (0,s) - +$az (0,s) sy D0
0
=—2"(0 A.35
8rw ( ,S) $:§O? ( )

where the second equality holds because, given r < r; ; < r;, we have 5 < 5 and thus

L2%(0,5)|s=s, = 0. Moreover, from Equation (A.7), we have

0 ., _ Ou(z|x,0,s)/0r
ar” (0,5) =0 Ou(z|z,0,s)/0x
~ A[Ru(z*(0,30)) — Ri(2*(0,50))]30
n 2acz*(0, 80) + B(80) ’

z=x*(0,s),5=50

where oo = 4\b*p? 02 + \b* (u? 4+ 02 )o? and B(s) = b(u?
as defined in Lemma 2. Then, to prove -Ez*(7h, 3

dr
ASo[Rpy (2*(0,30)) — Ry, (z*(0, 0))]
2az*(0,380)+8(80)

To do so, we first prove ¢ < 2az*(0,30) + B(So). We begin by proving this inequality for r =

+0?)+c—4 abuo?* — 2 abuo? +4)\b(7’—7)lu,0'3
) >

L27(0,5), it remains to prove 22477 >

1
5
Whenr—7<r

\%

we have § <§ and §, < 5. Moreover, when r = £, we have 1 > Pp(z*(mh, §))

m,3?
Py (xz*(m, 8)). Then, by part (iii) of Lemma A.8, we have ¢ < 2az*(0,3,) + 3(8)) when r = 1.
Further, since 2*(0, 39) increases in r when r <r;, ;5 by Equation (A.35) and Corollary 1, and 3(5,)
is minimized at r = 1 among all r € [$,1], we have ¢ < 2ax*(0,30) + 3(30) when r <7/, 4

To prove —tz*(m,8) > <tx7(0,8), it remains to prove 2Xsmo > A$[Ry(z*(0,3)) —

Rp(27(0,80))]. Since we consider r < r,, 5, by part (i) of Lemma A.8, we have § > 5,. More-
over, in the proof of part (i) of Lemma A.8, we have proven that max{Pg(z*(m,3)),m}(u +
o) —max{P(z*(m,§)),m}(n—0c) > Ry(xz*(0,5)) — R (2*(0,5)). Then, given 1 > Py (z*(m,§)) >
Py (z*(m,8)), we have 2mo > Ry (2*(0,8)) — R (x*(0,8)) > Ry (2*(0,80)) — Rr(x*(0,80)) because
x*(0,50) > x*(0, 8). Hence, we have 2A\8mo > \§o[Ry(x*(0,50)) — Rr(x*(0, 89))].

§

Therefore, for any r <, 5 such that z*(rh, §) > 2*(0,8¢), we have <-a*(m,8) > L2*(0,3¢). This

implies that for any r <1/, 5, we have m > Pp(z*(m,§)) > Py(z*(m, §)).

m,3?

We now prove that both m and § increase in r when r </ .. Consider any r <r/ ,. We

have shown earlier that %x* (M, $)|m=rm.s—s =0, and that either %x* (m, $)|m=m.s—s = 0 or 1 =m.

Consider the following two sub-cases:

(a): Suppose %x*(m,sﬂm:m s =0 and @x*(m,8)|m:m’5:§ = 0. Since we have shown that

m > Pp(z*(,§)) > Py (z*(, §)) for any r <r! ., by Equation (A.34), we have

m,3?

) p+20(r —3)

N 2N (0% +02) —8Ao%(r — %)2
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1 1

Thus, m and § both increase in r.

(b): Suppose 7 =1m and Zx*(m, s)|m—n,s—s = 0. Since we have shown that 1 > Pp(z* (i, 8)) >

’
m,3?

Py (x*(1n,8)) for any r <r/, 4, by Equation (A.34), we have § = 1 +40(r — 3)m. Since m is inde-

pendent of r, we have that § increases in r. Moreover, m = m is independent of r.

Combining the two sub-cases, we conclude that if 1 > Py (x* (i, §)) > Py (x*(h, §)) when r =1,

then m and § increase in r for any r <7/, .

Case 2: Suppose Py (x*(m, §)) > Py(x*(m, 8)) > when r = 1. We have shown earlier that for

/
m,39

any r <71l ., we cannot have Pp(x*(1n,§)) > m > Py(xz*(1m,§)). Consider the first switch point

1
27

in index accuracy r > %, if any, where (1, 8§) moves from Pr(z*(m,$)) > Pg(x*(m,§)) > m to
m > Pp(z*(, §)) > Py (z*(1, §)). By continuity of the equilibrium planting amount, at the switch
point there is a tie between two solutions: one with an inactive floor price and one with a floor price
that is active at both high and low area-yield realizations. As r approaches the switch point from
below, the limiting planting amount is z* (1, §) = *(0, §9). For index accuracies approaching this
switch point from above, we have 1 > Py (z* (1, §)). Taking the right limit gives that the limiting
value of 7 from above satisfies i > Pp(2*(0,50)). Then, by part (iv) of Lemma A.8, we can extend

the reasoning from Case 1 above and conclude that, once m > Pr(z*(m,§)) > Py (z*(7, §)) holds

/

for some r <7}, 3,

it must also hold for any higher r <r;, ;. Therefore, it is sufficient to consider
the following two sub-cases:

(a): Suppose for any r <1, 5, we have Pp(x*(1,5)) > Py(z*(1, 8)) > m. Then, we have m =0
and 8 = 3. Since r <71, 3 <7, we have § < 5 and § increases in 7 by Proposition 1.

(b): Suppose there exists r’ € (4,77, 5) such that we have Pp(z* (1, §)) > Py(2* (1, 5)) > when

r <r’, and we have m > P (z*(, §)) > Py (z*(h, §)) when r € (r,7/ ). In this case, we have i =0

s 'm,3

for any 7 <r’. Moreover, based on the analysis in Case 1, 7 increases in r for any r € (1,7, 3).
Thus, m increases in r for any r <r,, ;. In addition, we have § = 3, increases in r for any r <7’
Moreover, based on the analysis in Case 1, § increases in r for any r € (r',7), 5). By part (i) of
Lemma A.8, we have 8 > §, for any r <r;, ;. Hence, § increases in r for any r <r,_ .

Combining the two sub-cases, we conclude that if Pp(2* (7, 8)) > Py(2* (1, 8)) > 1 when r = 1,
then 1 and 3 increase in 7 for any r <rj, .

Step 2: We prove that there exists a threshold r,, 3 such that if » <r,, 3, then s* > sj and

m* >m. To do so, we first prove that when the index accuracy is lower than a threshold, we have

s* =& and m* =m. Based on the analysis in Step 1, we know that for any r <7, 5, we have
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where the second inequality holds because x*(m, s) increases in r by part (i) of Lemma A.6. Then,

/
m,3?

for any r <r w(m, 8) increases in r. Therefore, there must exist 7, € [3,7), 5] (with a slight

2:"m,3

abuse of notation) such that for any r < r,, ;, we have w(r, §) < B. With a slight abuse of notation,
let 7, . be the lowest index accuracy such that z*(m,s) = x°"* for some (m,s) € F (let r,, =1 if
no such index accuracy exists).

Define 7,3 := min{rm,,"m}. Consider any r < r, 3. Since r < r, ., we have (m* s*) =
argmaxz*(m,s) and z*(m*, s*) < x°"*. Further, since r < r,,;, we have m* =m and s* = §.

(m\}s\f):flow prove that if r <r,, 3, then s* > sj and m* > mj. First, we prove that for any r <r,, 3, we
have s* > s}. Consider any given r < r,, 5. By part (i) of Lemma A.8, we have § > §,. Since s* = §, to
prove s* > s§, it remains to prove s} = §o. Since 8y < 8, x*(0,59) < x*(1h, ), and r < 7,3 < 1y p, We
have w(0, 59) < w(rn, §) < B. In addition, since r < 7,3 < 7y, ., we have x*(0,5) < z*(m, §) < z°P*.
Hence, by condition (i) at the beginning of the proof of Theorem 1, we have sj = §,. Therefore, we
have s* > 5§ when r <7, 3.

Next, we prove that for any r < r,, 3, we have m* > m}. Let M =[0,m] N {m :w(m,0) < B}
be the feasible set of m when s = 0. Then, since we consider z*(0,0) =z < z°P", m} must satisfy
either m} € argmaxx*(m,0) and z*(mj,0) <z, or m{ = inf{m : x*(m,0) = z°"*}. Without loss

me

of generality, we consider settings where r,, 3 > £ (otherwise, the claim is trivial).

Since my is independent of r and we have shown in Step 1 that m* increases in r for any r < r,, 3,

Thus, it is sufficient to consider the following two cases:
Case 1: Suppose 1 > Pp(z*(m, §)) > Py(z*(m, §)). Then, by Case 1 of Step 1, we have

~ . 1% _
m = mln{m,m}.

To prove m* > mg, we first prove m > 1. Consider the following three scenarios: If 7, >
Py (z*(mo,0)) > Py (z*(mo,0)), then following a similar analysis as in Case 1 of Step 1, we have
my = min{m,m} =m. If Pp(xz*(m,0)) > Py(x*(m,0)) > 1y, then mg =0 < m. Finally,
we prove that we cannot have Pp(z*(1hg,0)) > 19 > Py (x*(mg,0)). By the definition of 7, we
have 22 (m,0)|m=pm, > 0. Suppose Pr(z*(r,0)) > rivg > Py (x*(1ho,0)). We next prove that
22 (m,0)|m=m, < 0, which leads to a contradiction. Since 77y > Py (2*(110,0)), we must have
mo > Py (2*(0,0)); otherwise, if 7y < Py (2*(0,0)), then we would have z*(mqg,0) = 2*(0,0), which
implies 779 < Py (2 (ri29,0)). Moreover, given r = 1 < 1,5 <y, it follows from Equation (A.15)
that 59 = % Hence, we have

%u<x,x? " 8) z=x*(mg,0),m=7rng,s=0
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~(p+) (= 3A0l-+2) ~ R (10,0) ) = Mo’

<(u+0) @ - %)\(RH(QJ*(O, 0)) — Ru (0, 0)))> AP (7 (0,0))0?

<l ) (AR 0,50) = R (o (0.50) ) = AP (" (0,0))

<0,

where the first inequality holds because mg > Py (2*(0,0)) and x*(mg,0) > z*(0,0), and second
inequality holds because 2*(0,0) < 2*(0, §9), and the last inequality holds because given r < r,, 3 <
r1, we have 8) =+ < Ry (2*(0,50)) — R.(2*(0,3)). Then, following the same logic as in the proof
of Lemma A.1, we must have 22-z*(m,0)|;n—m, <0, which leads to a contradiction. Combining all
three scenarios, we conclude that m > m,.

Since m* =m, to prove m* > mg, it remains to prove my = myg. Since 1y < M and z* (77, 0) <
x*(1, §), we have w(myg,0) <w(m*,s*) < B and z*(my,0) < 2°?*. Hence, we have m{ = my.

Case 2: Suppose Pp(z*(m,5)) > Py(x*(m,$§)) > m. Then, we have m* = = 0. Then, by part
(ii) of Lemma A.8, we have 7o = 0. In this case, we have m{ =my =0.

Combining both cases, we have m* > mj; when r = 1. Therefore, m* > mj when r <r,, 3.

Step 3: We prove that there exists a threshold r,, 4 such that if » > r,, 4, then s* < s} and
m* <mj. Recall from the proof of Theorem 1 that 7. is defined as the lowest index accuracy at
which x°P* is achievable in the absence of a floor price. Suppose 7. <1 (otherwise, let r,, 4 = 1).
Then, following the analysis in the proof of Theorem 1, z°?* must be achievable for any r > r.. This
implies that for any r > r., (m*, s*) must satisfy condition (ii) presented at the beginning of the
proof. Further, for r > r., we must have s* < s} because (1) we have z*(0, sj) = 2°* when r > r.,
and (2) for any s > s and m € [0,m] that satisfy z*(m, s) = z°"", we have w(m,s) > w(0, s).

It remains to prove that there exists a threshold r,, 4 € [, 1) such that if r > r,, 4, then m* <mj.

For notational simplicity, we let s’ denote the value of sj when r = . As a building block of our

retl

2
analysis, we next prove that if the index accuracy is sufficiently high, we have that the variance of
each farmer’s income, Var[max{(a —bz°""Y"), m}Y; + sI — x°c|, strictly increases in m and strictly
decreases in s for any m € (Py(x°"),m] and s € [0, s']. Consider the following two cases:

Suppose m € (Py(z°F"), Pr(x°"")]. Then, for any given s € [0, s’], we have

Var[max{(a — bz""Y),m}Y; + sI — z°"*(|

Zi(m(w ) = Ry (x")* + %sz —s (r - ;) (m(u+0) = Ry (z))

1 1 1
+ (2(12 —abz (u— o) + Ebz(xoz’t)Q(,u —0)’+ 2m2) ol
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Then, we have
8 opt opt
a—mVar[maX{(a —bz'Y'),m}Y; + sI — z°"'(]
1 1
~(pt o) (mt+0) ~ Ruw)) =5 (1= ) )
and

1 1

E?Var[max{(a —bx'Y),m}Y; + s — 2 c] = 35~ <T — 2) (m(u+0)— Rp(z")).
s

Based on the proof of Theorem 1, we know that s} < Ry (x°?") — Ry (z°"") when r =r. and s;

re+1
2

s’ < Rg(z°P") — Rp(x°P") = Py (z°?")(n+ o) — Rp(z°P*) <m(pu + o) — R (z°P"). Therefore, for any
s < s and r € [3,1], we have Z=-Var[max{(a—bz*""Y),m}Y;+sI —x°"*c] > 0. Further, let 7, , := 1 +

strictly decreases in r when r > r.. Since s’ denotes the value of s; when r = > r,, we have

X

2 RH(Iopt)iRL(zopt) < 1. Then, for any s < s’ and r > 1/, ,, we have = Var[max{(a—bz*"'Y),m}Y; +

sl —x°'c] < 0.

Suppose m € (Pr(x°""),m]. Then, for any given s € [0, s'], we have

1 1
Var[max{(a — bx”'Y),m}Y; + sI — 2°"'c] =m*(c” + 07) + 132 —20 (r — 2> sm.

Then, we have

0 1
%Var[max{(a —bz?'Y),m}Y; + sl — x°"'c] =20 <m0 - (r - 2> s> +2mo?,

and

2
Since s’ < Ry (z°P") — Rp(z°P") < Pp(x?")(u + o) — Pr(z°"")(n — o) < 2mo, for any s < s’ and

1 1
;Var[max{(a —bx'Y),m}Y; + s — x°%'c] = 35~ 2 <7" — > mo.
s

r € [3,1], we must have =Varmax{(a — bz*?'Y), m}Y; + sI — z°P'c] > 0. Further, let 7], , := 1 +

1 s’
3 X 2Py, (z°Pt) o

x°P*¢] < 0. Moreover, because 2Py (x?")o > Ry (") — Ry (z°"), we have 1, , >, ;.

< 1. Then, for any s <s" and r > r/, ,, we have ZVar[max{(a —bz°'Y),m}Y; + sI —

m,4)

Combining the above two cases, for any r >/ ,, we have Var[max{(a—bz°"'Y"),m}Y; + sl — x°"'c|

m,4)

strictly increases in m and strictly decreases in s for any m € (Pg(z°"),m| and s € [0, s'].

! 4 "M} We now prove by contradiction that for any r > r,, 4, we have

Define 7, 4 := max{r,, 4, ™3

m* =0 <mg and s* = sj. Consider any r > r,, 4. Suppose there exists (m,3) € F such that
x*(1h, 3) = 2P, w(mh, ) < w(0,sy), and (m, ) # (0,s5). Then, it is sufficient to consider 7m >
Py (2°P") because if m < Py (z°F"), then the floor price is always below the market price, and thus
(rn, $) is dominated by (0, s). Further, we must have § < s;; otherwise, (1, §) would lead to a

strictly higher expenditure than (0, sj). Further, given r > r,, 4 > Tc—;’l, we have s < s’ because we
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know from Theorem 1 that s; strictly decreases in r when r > r.. For any (m, s) € F, recall that

u(xz*(m,s)|x*(m,s),m,s) =E[r(z*(m,s)|z*(m,s), m,s)] — A\Var[r(z*(m, s)|x*(m, s),m, s)],
(A.36)
where 7(i|z,m,s) = max{(a —bzxY),m}Y; + sI — h;. Since z*(m, §) = 2*(0, s;) = z°?" and w(m, §) <
w(0, s5), the expected subsidy amount (including both price and yield protection subsidies) received

by each farmer who plants under (772, §) must be no more than that under (0, sj;). Therefore,

¢

)] <E[m(27(0, 55) 2" (0, 55), 0, 55)]- (A.37)

Elr (2" (1, §)|2" (1, §), m,
Moreover, given r > 7, 4, ™ > Py (z°"), and § < s§ < ', we have

Var[m(z* (mh, §)|z*(1h, §), 0, §)] >Var[m(z* (P (2°), s§)|x* (P (2°7"), s), Pu(x°"), s5)]

=Var[r(z*(0, s5)|=*(0,s5), 0, s5)], (A.38)
Thus, by Equations (A.36), (A.37), and (A.38), we have
u(z™(m, §)|z*(m, §),m, 8) <u(x*(0,s5)]|z"(0,s5),0,s5).

Based on the derivation of the equilibrium planting amount in the proof of Lemma A.4, we have

u(z*(m, §)|z* (m, §),m, §) =u(x*(0, s§)|x*(0, s5),0,s5) =0, which leads to a contradiction. [

Appendix A.3 Proofs of Analytical Results in §6

Proof of Lemma 3. As discussed in §6, we have
xz*(s,r)
v(s,r)=E / ((a—=bz*(s,")Y)Y + sl —zc)dx | —(s,r) — (1)
0

z*(s,7)
=E [/O ((a=bx"(5,7)Y)Y 4 sI — xc) dx] — % (s,7)E[sI] — k(r —10)?

=y X 2%(s,7) — vy x (2*(s5,7))* — k(1 —10)?, (A.39)

where v; = ap and v, = b(p? +0?) + 3c.

We now prove that for any given budget B > 0, there exists a threshold o, € [0, ] such that if
o < o1, then r* = ry; moreover, o, increases in B. Consider a fixed B > 0. Similar to before, we
say that the planting amount z°* is achievable if there exists s € [0, 5] that satisfies x*(s,r) > z°*
and ¥(s,r) + ¢(r) < B. Let o, € [0, u] be the largest area-yield variability such that, for any given
o < o, the planting amount x°?" is achievable when r =7 (let o7 =0 if no such threshold exists).
It can be seen from Equation (A.39) that if 2°P* is achievable when r = ry, we must have r* = 7.
Thus, for any o < 0y, we have r* =r,. Further, by definition, o; must increase in B (because given

r =1y, if °P* is achievable under a lower budget, it must be achievable under a higher budget).
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Before concluding the proof, we show that o; is guaranteed to be strictly positive provided that
o, is not too high (if o, is too high, then intuitively, 2°?* would not be achievable even when o =0).
We first consider the case where . = 0. In this case, it is straightforward to verify that when o
approaches zero, we have z§ > x°"*, which implies o; > 0 (note that we focus on parameter ranges
where zf < x°P'; since z; and z°P" are both continuous in o, for o sufficiently small but within this
range, 4 is only slightly below z°P) so x°P* is achievable). Since z} is continuous in o, and z°"*
is independent of o, it follows that if o, is lower than a certain threshold, we still have z§ > x°*

when o = 0. Therefore, as long as o, is lower than the threshold, we still have o; >0. [

Proof of Theorem 3. By Lemma 3, under any given budget B, there exists o; such that if
o < oy, then r*(B) =1, and z*(s*(B),r*(B)) = 2°"'. Let o,(B) denote the value of o; under a
given budget B.

Consider two budget levels B’ and B such that 0 < B’ < B. By the proof of Lemma 3, we
have 0,(B’) < 0,(B). Let 03 = 0,(B’) and o3 = 01(B). We next prove that if o € (0q,03), then
r*(B’) >r*(B) and s*(B’) < s*(B).

First, we prove that r*(B’) > r*(B) if 0 € (02,03). Given 0 < 03 < 01(B), we have r*(B) = ry.
Moreover, given o > g, > 01(B’), we have r*(B’) > ry. Hence, we have r*(B’) > r*(B).

Second, if o € (04,03), we also have z*(s*(B),r*(B)) = z°"". We next prove s*(B’) < s*(B) by
using contradiction. Suppose s*(B’) > s*(B). Consider the following two cases:

Suppose z*(s*(B'),r*(B')) > &*(s*(B),r*(B)). In this case, (s*(B’),r*(B’)) must not be optimal
under budget B’ because (s*(B’),r*(B’)) is dominated by (s*(B),r*(B)), with the latter resulting
in an equilibrium planting amount z°"* and a lower investment in index accuracy. (Note that
(s*(B),r*(B)) must be feasible under budget B’ given s*(B’) > s*(B) and z*(s*(B’),r*(B’)) >
z*(s*(B),r*(B)).)

Suppose z*(s*(B'),r*(B')) < a*(s*(B),r*(B)). Since r*(B’) > r*(B), and the equilibrium
planting amount is increasing in the index accuracy (as shown in Corollary 1), we have
z*(s*(B'),r*(B")) <z*(s*(B),r*(B)) <x*(s*(B),r*(B’)). This implies that given the index accu-
racy r*(B’), a higher subsidy s*(B’) leads to a lower equilibrium planting amount than a lower
subsidy s*(B). From the proof of Theorem 1, for any given index accuracy, the optimal subsidy level
must not be one at which a higher subsidy reduces the equilibrium planting amount. Therefore,
s*(B’) must not be optimal.

Since both cases result in a contradiction, we must have s*(B’) <s*(B). O

Appendix A.4 Proofs of Analytical Results in §8
Proof of Proposition 4. (i) Recall that when = farmers plant, the net income of farmer ¢ who

plants and enrolls in the policy is given by (a — bxY)Y; 4+ sI — h; — £. Similarly, the net income of
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farmer 7 who plants but does not enroll in the policy is given by (a — bzY)Y; — h;. For any given
&, s, and planting amount x, farmers’ utility differs only through their production cost h;. Thus,
either all farmers have a higher utility from planting and enrolling than from planting but not
enrolling, or all farmers have a higher utility from planting but not enrolling than from planting
and enrolling. (We note that we can incorporate a scenario where some farmers have a higher utility
from planting and enrolling, while others have a higher utility from planting but not enrolling,
by introducing another dimension of farmer heterogeneity, such as heterogeneity in farmer risk
aversion. The key mechanisms underlying our insights remain valid under this extension, and we
numerically verify that our insights continue to hold; details are available upon request.)

For any (&, s) under which all farmers have a higher utility from planting but not enrolling than
from planting and enrolling, setting £ =0 and s = 0 results in the same equilibrium outcomes.
Therefore, it is sufficient to focus on (&,s) under which all farmers have a higher utility from
planting and enrolling than from planting but not enrolling. For any such (&, s), let *(, s) denote

the equilibrium planting amount. Then, the net benefit is given as follows:

z*(€,5)
v(,s)=E [/0 ((a=bx"(&,9)Y)Y —xc+ sl —&)dx | — (E[sI] — &)z (&, s)
= vy x 2 (&,5) —va x (27(€,5))%,

where v; = ap and vy = b(p® + 0?) + 1c. Clearly, °P" defined in Equation (A.18) is still the value
of z*(¢, s) that maximizes v(,s). Then, following the same logic as in the proof of Theorem 1, we
have that the joint optimal £* and s* must make z*(, s) as close to x°P" as possible. With a slight
abuse of notation, let F =[0,00) x [0,5]N{(&,s) : (E[sI] —&)z*(§,s) < B} denote the feasible set of
(&,s). Since we assume z*(0,0) < z°P', £* and s* must satisfy either (a) (£*,s*) € argmaxaz*(¢, s)
and x*(£*,s*) <z, or (b) z*(&*, s*) = z°P". oo

First, we prove that there exists a threshold r¢ ; such that if » < ¢, then £*, s*, and E[s*I] — &*
increase in r. Let s denote the optimal s given £ = 0. Then, recall from Theorem 1 that r, denotes
the threshold such that sj increases in r if and only if » < r,. We next prove that if r» <7y, then
& =0 and s* = s§. To see this, consider a fixed r < r5. As shown in the proof of Theorem 1, if r <75,
we have s§ = argmaxz*(0,s) and z*(0,ss)E[s;I] < B. Thus, we have (0,s}) € F. Moreover, it is
straightforwards‘f([)o’\Sf]erify that x*(&, s) strictly decreases in £. Therefore, (0, s}) =argmaxx*(&, s) is

(&,s)eF
unique maximizer of z*(&,s). Since r < 1y, we have z*(0, sj) < z°"" from the proof of Theorem 1,

and thus, by condition (a) above, we have £* =0 and s* = s;. Further, by Theorem 1, s; increases
in 7 if » <ry. Hence, &*, s*, and E[s*I] — &* (weakly) increase in r if » < r,. It implies that there
must exist an r¢; € [r2, 1] such that for any r <r¢ 1, £*, s*, and E[s*I] — £* increase in r.

Next, we prove that there exists a threshold r¢ 5 such that if 7 > r¢ 5, then £*, s*, and E[s*I] — £*

decrease in r. Recall from the proof of Theorem 1 that r. denotes the lowest index accuracy such
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that z*(0,s) = z°* for some (0,s) € F. We next prove that if r» > r., then £&* =0 and s* = s}.
Consider any fixed r > r.. As shown in the proof of Theorem 1, if r > r., we have z*(0, s}) = z°"*
and z*(0, s§)E[sI] < B. Thus, we have (0, s%) € {(€,s) € F:x*({,s) = z°"'}. Then, by condition (b)
above and the tie-breaking rule discussed in §8.3, we have £* =0 and s* = s. Further, as shown in
the proof of Theorem 1, s} decreases in r if 7 > r.. Hence, if r > 7., £*, s*, and E[s*I] — £* (weakly)
decrease in r. It implies that there must exist an r¢» € [ ,7c) such that for any r >r¢ 5, £*, s*, and
E[s*I] — &* decrease in r.

(ii) As before, let sj denote the optimal s given £ =0. By a similar argument to the proof of
part (i), it follows that if 2*(0, s§)E[ssI] < B, then £* =0 and s* = sj. Suppose z*(0, s;)E[s;I] < B
when r = 1. Then, due to the continuity of z*(0,s) and s, in r, there must exist some r¢ € (1,1]
such that for any r <r¢,, we have 2*(0, s§)E[s;I] < B. Then, letting r¢ 3 = ¢, completes the proof.
Suppose z*(0, sé)E[séI ] = B when r = 1. To prove part (ii) of the proposition, it is sufficient to
prove that when r = 5, we have {* =0 and s* = s;;.

Consider r = 1 and suppose z*(0, s5)E[s§I] = B. We next prove that £* =0 and s* = s;. From
the proof of Theorem 1, we know that z*(0,s5) < x°*. Then, to prove that £* =0 and s* = s}, it
is sufficient to prove that (0, s}) = argmaxz*(, s) is unique maximizer of z*(¢, s). Since we have
x*(0,s5)E[sgI] = B, it is sufficient t(é?)igve that for any £ > 0 and s € [0,5] such that z*(§,s) >
x*(0,s5), we have E[sI] — & > E[s$I] and thus (E[sI] — §)x*(§,s) > B. To do so, it is equivalent to
proving that for any £ >0 and s € [0, 5] such that E[sI] — & <E[s}I], we have x*(&, s) < z*(0, s5).

Consider any fixed ¢ >0 and s’ € [0,5] such that E[s'I] — ¢ < E[s§I]. If ' < s, then, since
x*(§, s) strictly decreases in & and x*(0, s) increases in s for any s € [0, sj], we have that z*(¢',s") <
x*(0,s") < x*(0,sy). Thus, it remains to consider the scenario where s’ > sj. Suppose s’ > sj. To

prove that z*(¢',s") < x*(0,s}), following the proof of Lemma 2, it is sufficient to prove that for
any z € [0,1], u(x|z,&,s") <u(x|z,0,s;), where

u(i|z, &, 8) =E[(a —bxY)Y; +sI — h; — & — AVar[(a — bxY)Y; + sI — h;, — &].
Then, when r = 3, for any given x € [0,1], we have

u(z|z, £, s") =E[(a — bxY)Y; + s'I —xzc— | — AVar[(a — bxY)Y; + §'] —xc— ]
=E[(a —bxY)Y; — xc] + E[s'I] — & — X\ (Var[(a — bxY)Y;] + Var[s']])
<E[(a—bzY)Y; —xzc] + E[s;I] — X (Var[(a — bxY)Y;] + Var[s;I])

=u(z|x,0,s;),

where the inequality holds because E[s'I] — ¢ <E[s;I] and s’ > sj. Thus, we conclude that s* = s}
and £* =0 when r = %, which completes the proof. [
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Appendix B Numerical Calibration

In this section, we describe in detail the steps for estimating the model parameters used in our
numerical study in §7. At the end of this section, we also present additional numerical results to
provide further insights.

Estimation of Model Parameters. We first describe how we estimate the mean p and the
standard deviation o of area-level yield Y, by using population-level data. Recall that the crop
yield of farmer i is denoted as Y; =Y +¢;, where Y ~ N (p, 02) and ¢; ~ N (0,02). Based on the
annual average corn yield in Indonesia from 2010 to 2024, which is available from the USDA’s
Grain and Feed Annual,? we estimate that u = 3.07 tons per hectare and o = 0.3 tons per hectare.

With the value of o, to estimate o, it is sufficient to estimate the value of p = corr(Y;,Y;) for
i # j. According to Wang et al. (1998), the correlation between an individual farmer’s corn yield
and the county-level average corn yield is approximately 0.8. That is, if we consider a county
with n corn farmers and denote the county-level average corn yield as Y, we have Corr(Y;,Y,) =

Cov(Y;,Yn) __ %024‘%71/702

~ L
N
p and 1 — p. Therefore, we obtain that p is approximately 0.6. We next estimate o. based on the

values of o and p. For any i # j, we have Corr(Y;,Y;) = Cov(¥i¥s) — g2

o.=0+/(1—p)/p~0.245 tons per hectare.

We next describe how we estimate the production cost parameter ¢ and the market price param-

= (.8, where the approximation holds because n is large relative to

i el il Thus, we obtain

eters a, b, and o,. To estimate ¢, we obtain from the USDA’s website that the average corn
production cost is $875.1 per hectare (USDA 2023).> Letting £ = 875.1, we have ¢ = $1750.2 per
hectare. We next estimate a and b. From the USDA’s Grain and Feed Annual mentioned earlier,
we also obtain corn market prices and total corn supplies in Indonesia from 2010 to 2024. After
adjusting these prices to 2021 values (to match the year of our estimated production cost) using
inflation rates from the World Bank’s website,* we fit a linear model to the adjusted price (AP, $
per ton) and the total corn supply (TS, per ton) and obtain AP = $467.68 — $1.04 x 1075x TS.
Since there are approximately 7.6 x 10° farmers involved in cultivating corn in Indonesia (Nazmi
et al. 2021), while our numerical study considers n = 100,000 farmers, we scale the slope of the
price function accordingly to reflect the smaller total supply in our setting. That is, we estimate

a = $467.68 per ton and b= $1.04 x 107° x 7'627106 ~ 7.9 x 107* per ton-squared. To estimate o,

2 The USDA’s Grain and Feed Annual can be obtained through https://gain.fas.usda.gov/# /search. On this website,
click “Advanced Search.” In the search page, under “Countries,” select “Indonesia;” under “Categories,” check “Grain
and Feed;” and under “Report Name” at “Additional Key Word Filter,” type in “Grain and Feed Annual.” Finally,
click “Search.” In the search results, for each year, there is a link to the corresponding report.

3This is obtained from the URL provided in the citation by clicking “Corn” under “Recent Cost and Returns”
and downloading the Excel file. The file reports an operating cost of $354.14 per acre for corn production in 2021,
equivalent to $875.1 per hectare.

See the “Inflation, consumer prices (annual %)” tab on https://data.worldbank.org/country/indonesia.
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we note that the ratio of the standard deviation to the mean of crop prices is typically small (e.g.,
approximately 0.1 in the setting considered by Chintapalli and Tang 2021). Accordingly, given that
the corn price in Indonesia in 2021 is $311, we set o, = $30 per ton for the base scenario and later
consider additional values to examine how price variability affects the optimal subsidy design.

We now describe how we estimate the government’s budget level B. We begin by estimating
the budget when the government only offers an index-based yield protection policy. Based on
design data for a rainfall index-based yield protection policy in Indonesia, farmers can receive up
to approximately $124 (Stoppa and Manuamorn 2017, p. 22) when the index predicts a low yield
situation. Recall that the budget constraint in our setup is given by % < B. By assuming that
the government targets the theoretically optimal planting level 2°P* and scaling the planting level by
the farmer population n, we estimate the government’s budget to be B = % x $124 x n x x°Pt ~ $2.8
million. Since detailed data on both yield and price protection from a single setting are limited, we
next draw on available data from a different context to estimate the budget for price protection.
In Brazil, the support price policy spent approximately $103 million subsidizing the price of 5.77
million tons of corn in one year (FAO 2014). Since we consider n = 100,000 farmers and, each
farmer on average produces = 3.07 tons of corn annually, we estimate the corresponding minimum
price guarantee expenditure to be approximately $5.5 million. Therefore, for the scenario where
the government provides both price and yield protection, we set B = 2.8 + 5.5 = $8.3 million.

We now describe how we estimate farmers’ risk aversion coefficient A. Recall from §3 that, to
focus on the most relevant range of model parameters, we assume that A is not too high, so that a
positive number of farmers will plant without subsidies (i.e., zj > 0), and that it is not too low, so
that there is no over-planting without subsidies (i.e., 2§ < x°""). Based on the estimated values of
other parameters, A must fall within the interval [0.015, 0.035]. Therefore, for our numerical study,
we set A =0.025.

Next, we describe how we estimate the cost of sampling each farmer to construct the area-
yield index. Based on a recent study on yield estimation using crop cutting, assessing the yield
of a smallholder corn farmer takes around 3.5 hours on average when carried out by 12 to 20
laborers (Kosmowski et al. 2021). The average hourly wage in Indonesia is approximately $4 per
hour (Economic Research Institute 2025). Thus, we estimate the cost of sampling each farmer as
$4 x 3.5 x 1220~ §220.

Additional Numerical Results. Using these estimates, we now present additional numerical
results to provide further insights. First, we vary several key parameters, including the expected
yield (u), the area-yield variability (o), the individual yield noise (o), and the farmer risk-aversion
coefficient (), and plot the optimal subsidies under different index accuracy (see Figure B.1). We

make the following two observations. First, the non-monotonic relationship between the optimal
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Figure B.1 Optimal Subsidy Amount under Different Index Accuracy and Other Key Parameters
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subsidy and index accuracy remains robust: as accuracy improves, subsidies should initially increase
and then decrease once accuracy becomes sufficiently high. Second, the comparative statics with
respect to the key parameters result in additional policy insights. In particular, governments should
set higher subsidies when expected yield is low, or when either area-yield variability or individual
yield noise is high. The effect of risk aversion, however, is more nuanced. When index accuracy
is high, greater farmer risk aversion leads to a higher optimal subsidy, since risk-averse farmers
particularly benefit from compensation in low-yield scenarios. By contrast, when index accuracy
is low, greater risk aversion can lead to a lower optimal subsidy, because, as shown in §4, higher
subsidies under low index accuracy can reduce worst-case income and increase income variability,
which is detrimental for risk-averse farmers.

Second, we examine how subsidies should be adjusted relative to the actual-yield-based bench-
mark under different combinations of index accuracy r and individual yield noise o, (both of which
affect how well the index reflects individual yields). Specifically, we vary both r and o, and generate
a region plot to compare the optimal subsidies under index-based and actual-yield-based policies
(see Figure B.2). We find that governments should set a lower subsidy than the actual-yield-based

policy when r is low or o, is high, and a higher subsidy otherwise. These results provide guidance on
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Figure B.2  Comparison between Optimal Subsidies under Index-Based and Actual-Yield-Based Policies
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Notes: In Region I, the optimal subsidy under the index-based policy is lower than that under the actual-yield-based
policy; in Region II, it is higher.

how both sources of index inaccuracy—systematic mismatch at the area level (r) and idiosyncratic

noise at the individual level (o.)—jointly determine how subsidies should be adjusted.

Appendix C Extensions
In this appendix, we present several extensions and show that our key insights remain valid under

alternative model setups. The proofs of all analytical results are provided in Appendix D.

C.1 Conditional Value at Risk (CVaR) for Farmer Risk Aversion
In §8.1, we used an alternative risk measure, the conditional value at risk (CVaR) to model farmers’
risk aversion. We now show that our key insights continue to hold.

In practice, smallholder farmers are often highly vulnerable to income variability and exhibit

1

high levels of risk aversion. Accordingly, for ease of exposition, we consider a € (0, ;) in our anal-

ysis. Under the CVaR model, each farmer’s utility no longer has a closed-form expression, which
significantly complicates the analysis. For analytical tractability and to illustrate the robustness of

our insights, we consider a special case with no individual noise in crop yields (i.e., o. =0). Then,

1—r

if » <1 —2a (which is equivalent to 5

> «), the expression of CVaR,(i|z,s) can be simplified
as CVaR, (|2, s) = (a — ba(pn—0))(p — o) — hy. If 7 > 1 — 2o (which is equivalent to 15- < a), we
1—r

2

have CVaR,, (i|z,s) = (a—bx(p—o0))(p—0) —h; + w The next proposition shows that the

optimal subsidy amount remains non-monotonic in index accuracy under the CVaR model.

Proposition C.1. When farmers make planting decisions based on their conditional value at risk

(CVaR), the optimal subsidy amount first increases and then decreases in the index accuracy 7.

Proposition C.1 states that our non-monotonicity result presented in Theorem 1 continues to

hold under the CVaR model, which demonstrates that our insights are not driven by the particular
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risk-averse model used in the main text (i.e., the mean-variance utility model). Further, since the
combination of price and yield protection subsidies can more effectively increase farmers’ lower-tail
payoff, we numerically verify that our insights on the complementarity between these policies under

low index accuracy continue to hold under the CVaR model.

C.2 Alternative Government Objectives

In our main analysis, we considered a government objective that maximizes the net benefit, defined

as the expected total farmer surplus minus the expected total government expenditure. We now

consider two alternative government objectives to demonstrate the robustness of our insights.
First, in §8.2, we extended our model to consider the scenario where the government incorporates

consumer surplus into its objective. The next proposition shows that our key insights continue to

hold under this extension.

Proposition C.2. When the government incorporates consumer surplus into the objective func-
tion, Theorems 1, 2, and 3 continue to hold. Moreover, the optimal subsidy amount is higher than

when consumer surplus is not considered.

As shown in Proposition C.2, our key insights remain valid when the government also considers
consumer surplus when designing an index-based yield protection policy. Proposition C.2 also
suggests that the optimal subsidy amount is higher when consumer surplus is included in the
government’s objective function than when it is not. Moreover, the inequality is strict when the
index accuracy is higher than a certain threshold (see the proof of Proposition C.2 in §D). This is
because when index accuracy is high, a higher subsidy can effectively incentivize more planting,
which results in a lower market price and thus benefits consumers. When index accuracy is low,
however, as shown in Propositions 1 and 2, an increase in subsidy can increase farmers’ income
variance and is less effective in incentivizing planting. In this case, even if consumer surplus is
included in the government’s objective, a low subsidy amount remains optimal.

Next, we extend our model to consider another scenario where the government explicitly
incorporates farmers’ income variability into its objective. Recall that in our base model, the
government’s objective has incorporated the total farmer surplus, which is the aggregation of all
farmers’ income. This approach is consistent with existing studies on agricultural subsidies. For
example, Chintapalli and Tang (2021) consider two government objectives: one that maximizes
total farmer surplus minus government expenditure, and another that maximizes the sum of total
farmer surplus and total consumer surplus minus government expenditure. Similarly, Alizamir
et al. (2019) compare the performance of two subsidy policies based on total farmer surplus, total
consumer surplus, and government expenditure. To demonstrate the robustness of our insights

in a broader range of settings, we now consider an extension with the government objective
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foz*(s) (E[(a —bz*(s)Y)Y +sI —xc] — 0 x Var [(a — bx*(s)Y)(Y +€) + s] —xc]) de — z*(s)E[s]],
where we use ¢y because the individual yield noise for all farmers has identical distribution. In
this objective, the government explicitly incorporates farmers’ income variability, with 6 > 0
capturing the weight the government places on farmers’ income variability. Under this new
government objective, the optimal subsidy decisions become analytically intractable due to the
presence of higher-order terms of the equilibrium planting amount x*(s) in the objective function.

Nevertheless, we numerically verify that our key insights continue to hold under this extension

(see Figure C.1 for an illustration).

Figure C.1 Optimal Subsidy Decisions when the Government Incorporates Farmer Income Variability into Its
Objective
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(a) Index-based vs. actual-yield-based policy (b) With vs. without price protection
Notes: We use the same parameter values as considered in §7, except for considering a two-point distribution for the
area-level yield Y for computational simplicity. In addition, we consider a relatively small value of § = 0.002 given

that the variance of farmers’ income is much larger than their expected income.

C.3 Farmer Premiums in Government Programs

In §8.3, we extended our model to consider a scenario where farmers may be required to contribute
a premium, and analyzed the jointly optimal payment amount s and farmer premium &. In this
section, we analyze the government’s decision on the payment amount s when the farmer premium
¢ is set as a fixed fraction of the actuarially fair premium (i.e., a fixed fraction of E[sI]). This
setup is relevant when the government faces institutional constraints and has limited flexibility in
adjusting how much premium it can require farmers to contribute. The following proposition shows

that the key insights from our main analysis continue to hold.

Proposition C.3. Suppose the farmer premium & is set as a fived fraction of the actuarially fair
level and the government optimizes the payment amount s. Then, Theorems 1, 2, and 3 continue

to hold.
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Proposition C.3 shows that our key results regarding the government’s choice of payment amount
remain valid when the farmer premium is set as any fixed fraction of the actuarially fair level. This
is because the premium each farmer pays is deterministic, and its effect is to reduce farmers’ utility
by a fixed amount that is linear in the payment amount s. As a result, all structural results are

preserved under this extension (see §D for a formal proof of the proposition).

C.4 The Role of Insurers in Government Programs

In §8.4, we extended our model to incorporate insurer implementation in government yield protec-
tion programs, where the government first specifies two policy parameters: the payment amount
s (the amount insurers pay to farmers when the index indicates a low yield) and the farmer pre-
mium &, and insurers then submit premium bids to compete for contracts. We now show that our
key insights continue to hold and derive additional insights on how insurer implementation affects
policy design, in particular how higher insurer administrative costs or information rents may affect
the optimal subsidy level.

We start by analyzing insurers’ premium decisions under given government decisions s and &. To
facilitate the analysis, we introduce the following tie-breaking rule for insurers’ decisions. Recall
that if insurer j is awarded the contract, it earns an expected profit of n; — f; — E[sI]| per farmer.
When an insurer is indifferent between (i) a bid that loses and (ii) a bid that wins with zero margin
(i.e., n; = E[sI] + f;), it chooses the latter. This is a standard assumption in price competition,
which does not affect our insights regarding the government’s decisions and serves only to ensure
the uniqueness of the insurers’ equilibrium bidding decisions.

We first analyze the case where all insurers incur the same publicly known administrative cost f.

The following lemma characterizes the insurers’ equilibrium bidding decisions.

Lemma C.1. When each insurer’s administrative cost f; = f is public information, the premium

bid of each insurer in equilibrium is given by n; =E[sI]+ f.

Lemma C.1 shows that in the full information setting where all insurers incur the same adminis-
trative cost f, each insurer bids E[sI]+ f. Intuitively, any higher bid would lose the contract, while
any lower bid would result in a negative margin. As a result, competition drives the premium to
the actuarially fair level plus the administrative cost, leaving insurers with zero expected profit.’

We now analyze the case where administrative costs are heterogeneous and private information.
Specifically, each insurer j has an administrative cost f;, which is drawn uniformly from [0, f], with
the realization known only to the insurer. In this case, insurers’ bidding decisions form a Bayesian

game, and the following result characterizes the symmetric Bayesian Nash equilibrium.

5 Here, zero expected profit implies that the insurer is compensated for their costs, where the cost parameter f may be
interpreted broadly to include not only administrative expenses but also insurers’ reservation earnings or opportunity
costs.
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Lemma C.2. When each insurer’s administrative cost f; is uniformly distributed on [0, f] and is
private information, the premium bid of each insurer in the symmetric Bayesian Nash equilibrium

is given by n; =E[sI] + %fj 4 }f

Lemma C.2 shows that in the asymmetric information setting, each insurer bids a premium
strictly higher than the actuarially fair level plus its administrative cost. Thus, in equilibrium, the
winning insurer extracts an information rent and earns a strictly positive profit. This equilibrium
outcome reflects the trade-off each insurer faces between the profit margin conditional on winning
and the probability of winning. In addition, the lemma shows that insurers with lower costs submit
more competitive bids, while those with higher costs bid higher premiums.

Having characterized the insurers’ equilibrium bidding in both the public- and private-
information cases, we now turn to the government’s decisions. We first analyze the government’s
decision on the payment amount s when the farmer premium & is set as a fixed fraction of the
actuarially fair premium (in which case ¢ is proportional to s). This setup includes the fully subsi-
dized case (i.e., £ =0) as a special case, and it is relevant when the government faces institutional
constraints and has limited flexibility in adjusting how much premium it can require farmers to

contribute. The following result holds for both the public- and private-information cases.

Proposition C.4. Suppose the farmer premium & is set as a fived fraction of the actuarially fair
level and the government optimizes the payment amount s. Then, Theorems 1, 2, and 3 continue

to hold.

Proposition C.4 shows that the key insights derived from our main model that assumes central-
ized decision-making remain valid when insurer implementation is incorporated. This is because, in
both the public- and private-information cases, the government’s expected expenditure per farmer
equals the actuarially fair premium plus insurers’ administrative costs (and possible information
rents), minus the farmer’s premium contribution. This mirrors the centralized case, except that
administrative costs and information rents (when present) are modeled explicitly. Although explic-
itly modeling these costs increases the government’s expenditure per farmer, the structure of the
government’s problem remains unchanged, and thus our key insights remain valid.

We next explore how higher insurer administrative costs or information rents affect policy
design. For the public-information case, let f = f. For the private-information case, define f =
Eminjeq,...0y 22 f+ 1 f]1 = %%1 +1f= Jz—fl Then, in both cases, the expected premium of
the winning bid is E[s]] + f, where f can be interpreted as the sum of the administrative cost of

the winning insurer and the information rent (when it exists).
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Proposition C.5. Suppose the farmer premium £ is set as a fived fraction of the actuarially fair
level and the government optimizes the payment amount s. Then, the optimal payment amount s*

decreases in f.

Proposition C.5 shows that higher insurer administrative costs or information rents (reflected
by a higher f ) result in a lower optimal payment amount s*. Since the farmer premium is set as a
fixed fraction of the actuarially fair level, this implies a lower optimal subsidy level. The intuition
behind this result is that a higher f makes subsidies less cost-effective, so the government reduces s*
to balance farmer protection against administrative costs. This result formalizes how information
rents undermine the effectiveness of subsidies: part of the government’s expenditure is absorbed
as insurer profits rather than translated into farmer protection. It underscores the importance
of designing bidding mechanisms or regulatory measures that limit such rents to preserve the
effectiveness of yield protection policies.

We next analyze the case where the government jointly optimizes the payment amount s and the

farmer premium £. The following result holds for both the public- and private-information cases.

Proposition C.6. Suppose the government jointly optimizes the payment amount s and the farmer

premium &. Then, Proposition 4 continues to hold.

Proposition C.6 shows that our insights in Proposition 4 regarding the joint design of the payment
amount and farmer premium continue to hold when insurer implementation is incorporated. As
discussed above, under insurer implementation, the only difference from the centralized case is that
administrative costs (and possibly information rents) are made explicit. These terms increase the
government’s expected expenditure per farmer but do not alter the structure of the government’s
problem. Hence, the characterization of the optimal (s, &) remains valid.

Moreover, while Proposition 4 establishes the non-monotonicity of the optimal subsidy in index
accuracy, it also shows that the optimal farmer premium is £ =0 (i.e., fully subsidized) when index
accuracy is sufficiently low. Thus, by showing that these results carry over under insurer implemen-
tation, Proposition C.6 implies that the complementarity between price protection and index-based

yield protection at low index accuracy, established in the main model, also remains valid.

C.5 Alternative Modeling of Farmers’ Planting Decisions
In our main analysis, we considered scenarios where farmers decide whether to plant a specific
crop. In this section, we present two alternative setups for farmers’ planting decisions.

First, we extend our model to consider farmers’ planting decisions for two crops. We denote the
two crops as Crop 1 and Crop 2, where Crop 1 generates a higher expected revenue but entails
greater risk. In particular, we use the notation from our base model to denote the parameters for

Crop 2, while Crop 1 has a higher maximum possible price, ua, and a higher standard deviation of
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the area-level yield, vo, where u,v > 1. Further, since high-revenue, high-risk crops often require
more inputs (e.g., fertilizer, irrigation, pest control) and are more sensitive to production conditions,
they typically involve higher production costs. Accordingly, we assume that the production cost of
farmer i € [0, 1] for Crop 1 is given by wh;, where h; =ic and w > 1. Each farmer decides whether
to grow one of these crops or pursue outside options. Since crops with higher yield variability
pose greater income risk to farmers, governments often prioritize such crops for yield protection.
Accordingly, we assume that the government provides an index-based yield protection policy for
Crop 1. Let s denote the subsidy payment each farmer who plants Crop 1 receives when the index
predicts a low yield. The following lemma establishes that, for any given subsidy amount s, farmers’

equilibrium planting decisions exhibit a threshold structure.

Lemma C.3. For any given subsidy amount s > 0, there exist two thresholds T,Ts, with 71 < 7o,
such that in equilibrium, farmer i € [0,1] plants Crop 1 if h; <7y, plants Crop 2 if 11 < h; < Ta, and
does not plant if h; > 7.

Lemma C.3 characterizes an intuitive structure of farmers’ equilibrium planting decisions: farm-
ers with high production efficiencies (i.e., h; < 11) plant the high-revenue but riskier crop, i.e., Crop
1, farmers with moderate production efficiencies (i.e., 7 < h; < 7) plant the low-revenue but less
risky crop, i.e., Crop 2, while farmers with low production efficiencies (i.e., h; > 73) do not plant.

Let 27 (s) and x3(s) denote the equilibrium planting amounts for Crop 1 and Crop 2, respectively,

under a given subsidy amount s. Let Y; denote the area-level yield for Crop 1, where Y; =y —vo

1
2

with probability 5 and Y; = u + vo with probability %, and let Y, denote the area-level yield for
2
the base model, the net benefit is v(s) = E[fml(s)((ua —bxi(s)Y1)Y1 + sl —wzxe) dx] — x5 (s)E[sI] +

0

Crop 2, where Y, = — o with probability = and Y, = 4+ o with probability % Then, similar to

7 (s)+z3(s)
}E[fz’l*l(s) ’

take a more complex form, and the net benefit involves interaction terms between the two planting

((a —bai(s)Ys)Ys — xc) dx]. Under this setup, since the equilibrium planting amounts

amounts, such as z;(s)z5(s), a full characterization of the government’s optimal subsidy decisions
becomes analytically intractable. Nevertheless, we numerically verify that our qualitative insights,
including how subsidies should be adjusted for index inaccuracy and the complementarity between
price and yield protection under low index accuracy, continue to hold (see Figure C.2 for an
illustration).

Next, we extend our model to consider another setting where each farmer i makes a continuous
planting quantity choice ¢; € [0, 1], with a production cost cq?. The quadratic cost function captures
increasing marginal costs faced by smallholder farmers when expanding production. Each farmer
receives a subsidy payment s for each unit of planting quantity when the index indicates a low

area-level yield. That is, farmer i receives a subsidy payment sq; when I =1. We continue to let Y
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Figure C.2 Optimal Subsidy Decisions under an Alternative Planting Model with Two Crops
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(a) Index-based vs. actual-yield-based policy (b) With vs. without price protection

Notes: We use the same parameter values as considered in §7, except for considering a two-point distribution for the

area-level yield Y for computational simplicity. In addition, we consider u,v,w =1.1.

and Y; denote the area-level yield and the yield of farmer ¢, respectively. Suppose the total planting
quantity by all farmers (i.e., the integral of ¢; for all ¢) is 2. Then, given the subsidy amount s,
the net income of farmer ¢« who plants ¢; is given by 7(g;,s) = (a — bxY)q;Y; + sq;I — cq?. Each
farmer chooses their planting quantity to maximize their mean-variance utility. Under this setup,
the mean-variance utility of farmer i involves x%¢?, which significantly complicates the analytical
characterization of the equilibrium planting quantities and makes a full characterization of the
government’s optimal subsidy decisions analytically intractable. Nevertheless, we numerically verify

that our qualitative insights continue to hold (see Figure C.3 for an illustration).

C.6 Alternative Distributions for Yield and Index

In our main analysis, for analytical tractability, we used a relatively simple representation with
binary distributions for both the area-level yield Y and the index I to capture two key features:
yield uncertainty and the fact that the index is an imperfect proxy of the area-level yield. In this
section, we present two extensions with more realistic distributions for crop yields and the index
to demonstrate the robustness of our insights.

Continuous Distributions for Y and I. First, we extend our model to consider a normal
distribution for the area-level yield, Y ~ N (u,0?), and introduce the following two representations
of the index I to capture two commonly used types of indices.

To model commonly used weather indices (such as a rainfall index), we let R denote the rainfall
level (or other similar features) and assume that Y = f(R)+mn, where the error term 7 is independent
of R and follows a normal distribution, 7 ~ N (0,07). We define the index I = f(R) as the predicted

yield based on rainfall. Then, we have Y = I + 7. This model allows for a potentially non-linear
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Figure C.3  Optimal Subsidy Decisions under an Alternative Planting Model with Continuous Quantity Choice
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(a) Index-based vs. actual-yield-based policy (b) With vs. without price protection

Notes: We use the same parameter values as in §7, except that we consider a two-point distribution for the area-level
yield Y for computational simplicity and recalibrate the risk aversion coefficient A for the new setup. Specifically,
recall from Appendix B that we calibrated the value of A such that the equilibrium planting amount without subsidies
is neither too high nor too low. For the current setup, we follow the same approach as in Appendix B and choose

A =0.035 so that the equilibrium planting amount without subsidies falls within a reasonable range.

relationship between rainfall and yield. For instance, we may have f(R)=—aR*+ SR+ ~, which
captures a scenario where both very high and very low rainfall lead to low crop yields.

To model another commonly used index, the area-yield index (i.e., the sample estimate of the
average yield of an area), we specify the relationship between the area-level yield (i.e., Y) and
the index (i.e., I) as I =Y +n, where the error term 7 is independent of Y and follows a normal
distribution, n ~ N (0,0727). In other words, the index [ is a noisy observation of Y. We note that
this setup includes the setup in §7 as a special case. Specifically, if I is the sample average estimate
of Y based on k samples, then [ = %Zle YV,=Y++ S €. In this case, n = %Zle €.

In both of the above representations, given the distribution of Y, the accuracy of the index I is
uniquely determined by the variability of the error term, i.e., o,,. When o,, =0, the index I provides
a perfect prediction of Y; as o, increases, I becomes a noisier prediction of Y. In line with stepwise
payment functions used in practice (Elabed et al. 2013), we consider that farmers receive a subsidy
payment s when the predicted yield (i.e., I) falls below the expected yield . We later demonstrate
that our qualitative insights continue to hold under alternative payment functions.

In addition to considering more realistic distributions for the yield Y and the index I, we further
extend our model by introducing a price noise term to capture additional variability in market
price beyond supply effects. For any given planting amount z, we now assume that the market-

clearing price is given by a — bzY +¢,, where €, ~ N (0, UZ) represents the price noise. With ¢,, we

assume A\ < 7752 to avoid the extreme case where no one plants without subsidies.
€)%

ap
a? (02+¢72 Y+ (u240240
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In addition, as before, we assume that farmers’ maximum production cost ¢ is high such that for
any given subsidy within the budget, the equilibrium planting amount is strictly less than one.
Under this setup, the following proposition shows that our insight regarding the non-monotonic

effect of index accuracy on the optimal subsidy continues to hold.

Proposition C.7. Given Y ~ N (u,0?%), under both representations of the index I, the optimal

subsidy amount first increases and then decreases as index accuracy increases (i.e., as o, decreases).

Proposition C.7 shows that our insight on how the optimal subsidy varies with index accuracy
remains robust under continuous yield and index distributions and in the presence of price noise
(see §D for the proof of the proposition). With this result, it is also straightforward to verify that
our insights regarding how subsidies should be set differently to account for index inaccuracy when
using predicted rather than actual yields, as presented in Corollary 2, continue to hold.

With continuous distributions, analytically establishing our other insights, such as the com-
plementarity between price and yield protection under low index accuracy, becomes intractable.
However, in §7, we have numerically verified that these insights continue to hold.

We further note that our qualitative insights are not driven by the stepwise payment function
considered in our analysis. To illustrate this, we numerically verify that our insights remain valid
under an alternative payment function that is piecewise linear in the predicted yield (see Figure
C.4 for an illustration).

Alternative Payment Probability. In our main analysis, we assumed that the area-level
yield Y and the index I have the same marginal distributions. This implies that the probability
of triggering a payment is equal to the probability that the actual area-level yield is low, i.e.,
P(I=1)=P(Y = p— o), which simplifies the exposition and allows us to highlight our key insights
more clearly. We now extend our model to allow different payment probabilities and show that our
key insights continue to hold.

Specifically, we now consider a more general joint distribution of Y and I, as shown in Table C.1.
This distribution is characterized by two parameters: p and r. Here, p € (0,1) denotes the proba-
bility of a low-yield prediction, P(I = 1), which we refer to as the payment probability. In practice,
this probability can be adjusted by changing the threshold of the predicted yield below which a
payment is triggered. For any given payment probability p, a higher value of r implies a higher
probability of receiving payment when the actual yield is low. Accordingly, we continue to use r
to represent index accuracy. When p = %, the joint distribution reduces to the same as in our base

model. To ensure that all probabilities are non-negative, we assume that rp < % and (1—7r)p < %

Proposition C.8. When the joint distribution of the area-level yield Y and the index I is as shown
wn Table C.1, Theorems 1, 2, and 3 continue to hold.
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Figure C.4  Optimal Subsidy Decisions under an Alternative Payment Function
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Notes: We use the same setup and parameter values as in §7, except that we consider an alternative payment

function: given the index I =Y + 1, where n ~ N(0, U’%) and is independent of Y, each farmer receives a payment

Smax X max{p — I,0}. In addition, we consider two different values of o.. Our qualitative insights continue to hold.

Moreover, the range of conditions in which the optimal subsidy under an index-based policy is below that under an

actual-yield-based policy, as well as the range of conditions in which the presence of price protection leads to a higher

index-based yield protection subsidy, expands as the variability of individual yield noise o increases.

Table C.1 New Joint Probability Table for Index-based Yield Protection

I=0

I=1

Y=pu+o T—(1-r)p

(1-7)p

Y=p—0o %—rp

rp

Proposition C.8 shows that our key insights continue to hold under a more general joint distri-

bution of Y and I, where the payment probability p can take any value in [0,1]. The proof of the

proposition is included in Appendix D. Moreover, we numerically observe that a lower payment
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probability p expands the range of index accuracy r over which (i) the optimal subsidy increases

with index accuracy, and (ii) price and yield protection act as strategic complements.

C.7 Comparison with Actual-Yield-Based Policy

In Corollary 2, we compared the optimal subsidy amount under an index-based policy and that of an
actual-yield-based policy. To isolate the impact of index inaccuracy, we conducted the comparison
by considering the same budget for subsidy payments under the two policies. In this section, we
generalize the analysis by considering that an actual-yield-based policy incurs additional costs for
assessing individual farmers’ yields, which reduces the available budget for subsidy payment. We
show that our insights presented in Corollary 2 continue to hold after yield assessment costs are
incorporated. Moreover, we derive additional insights on when each policy leads to a higher net
benefit.

Let w denote the cost of assessing each farmer’s yield. Recall that under an actual-yield-based
policy, farmers receive a subsidy payment s if their actual yield is below its expected value u. Let
x%(s) denote the equilibrium planting amount under this policy. Then, since we have E[s1(Y; <
w)] = 3s for any farmer i € [0,1], the subsidy amount under this policy must satisfy a%(s) %
(%s + w) < B. That is, the sum of the total expected payment to farmers and the total cost of
yield assessment must not exceed the budget. Without loss of generality, we assume wz{ < B;
otherwise, there will be zero budget left for subsidizing farmers. As in the index-based policy,
we restrict attention to subsidy levels such that the expected income conditional on Y being low
plus the subsidy does not exceed that conditional on Y being high. The government chooses the
subsidy amount s to maximize the net benefit v4(s,w) = E[fozj‘(s) ((a=ba?(s)Y)Y + s —xc) da] —

25 (s) — way(s) = viaz(s) — va (27 (s))* — way(s), where vy = ap and vy = b(p? + 0?) + . Let

t _ . . .
2} = “;1)2“’. To focus our analysis on relevant scenarios, we assume that w < v;. Then, the optimal

subsidy under the actual-yield-based policy, s%, must satisfy that the corresponding equilibrium
planting amount z4(s%) is as close to %" as possible. Further, as in our base model, to avoid
an uninteresting case where planting has already been sufficient without any subsidy, we focus
on scenarios with z < z%" (it is straightforward to verify that x%* < x°?*). Then, we have the

following result.

Proposition C.9. There exists a threshold r3 such that if the index accuracy is low (r <r3), the
optimal subsidy under an index-based policy is lower than that of an actual-yield-based policy (i.e.,
s* < 8% ). Otherwise (r >rs), the optimal subsidy under an index-based policy is higher than that

of an actual-yield-based policy (i.e., s* > s% ). Moreover, r3 decreases in w.

Proposition C.9 shows that our insights regarding how subsidies should be set differently when

using predicted rather than actual yields, as presented in Corollary 2, continue to hold when the
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cost of yield assessment is incorporated. Moreover, it shows that a higher yield assessment cost w
expands the range of parameters for which the optimal subsidy under the index-based policy is
higher than under the actual-yield-based policy (i.e., 73 decreases in w). This is because, when w is
higher, a lower budget remains for subsidizing farmers under the actual-yield-based policy, which
necessitates a lower subsidy amount under that policy.

Our analysis highlights an important trade-off between index-based and actual-yield-based poli-
cies: the former avoids the cost of yield assessment but is subject to the risk of failing to compensate
farmers when their actual yield is low. To further examine this trade-off, the next proposition shows

when each of the two policies leads to a higher net benefit.

Proposition C.10. There exist two thresholds w, and wy, with w, < wy, such that if the yield
assessment cost is low (w < w;), the actual-yield-based policy always performs better; if the yield
assessment cost is high (w > ws), the indez-based policy always performs better; otherwise (w; <

w < wy ), the indez-based policy performs better if and only if the index accuracy exceeds a threshold.

Proposition C.10 shows that the relative performance of index-based and actual-yield-based
policies critically depends on the magnitude of the yield assessment cost and the index accuracy.
Intuitively, if the yield assessment cost is very low (w < wy), the cost savings under the index-based
policy are minimal, making the actual-yield-based policy more favorable (note that even if the index
perfectly predicts the area-level yield Y, i.e., r =1, it may still fail to reflect individual farmers’
actual yields). On the other hand, if the yield assessment cost is very high (w > wy), the cost savings
under the index-based policy outweigh the potential losses from index inaccuracy, making the
index-based policy more favorable. Finally, if the yield assessment cost is moderate (w; < w < w,),
the index-based policy is preferred if and only if the index accuracy is sufficiently high. Moreover,
our numerical analysis shows that the range of conditions under which the index-based policy is
preferred expands when the budget is tighter (see Figure C.5 for an illustration).

We conclude this section with a discussion of additional factors that may favor index-based over
actual-yield-based policies in practice. Yield assessment is not only costly but also time-consuming.
By avoiding this, an index-based approach can streamline the payment distribution process and
ensure that farmers receive payments in a timely manner. In addition, since individual farmers
typically cannot influence the index, an index-based approach effectively minimizes moral hazard
issues (Carter et al. 2017). Accounting for these factors can further expand the range of conditions

under which index-based policies are preferred over actual-yield-based policies.

Appendix D Proofs of Analytical Results in Appendix C

Proof of Proposition C.1. As discussed in §8.1, if r <1 — 2« (which is equivalent to 5= > «),
17

we have CVaR, (i|z,s) = (a —bx(u—0))(x—0) — h;. If r > 1 — 2« (which is equivalent to

5 <)
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Figure C.5 Comparison between an Index-Based Policy and an Actual-Yield-Based Policy

80 80f
60 60t index-based
index-based
3 40 3 40+
20 20+ actual-yield-based
actual-yield-based
0 0
0.5 0.6 0.7 0.8 0.5 0.6 0.7 0.8
T r
(a) B=1.4 mn (b) B=2.8 mn

Notes: We use the same parameter values as considered in §7, except for considering a two-point distribution for the

area-level yield Y for computational simplicity.

we have CVaR,, (i|z,s) = (a—bx(p—o0))(p—0) — h; + @ We next characterize the optimal
subsidy amount by considering r <1 — 2« and r > 1 — 2«, respectively. For brevity, we prove
the result without explicitly incorporating the budget constraint; the analysis can be extended to
include it following the approach in Theorem 1.

First, consider r < 1—2a. In this case, because there is a significant probability that farmers suffer
from low crop yield without receiving subsidy, increasing the subsidy amount s cannot increase the
lower-tail conditional expected payoff. Therefore, in this range of r, we have s* =0.

Second, consider r > 1 — 2«. In this case, following a similar analysis as for the base model, it

can be shown that the equilibrium planting amount x*(s) must satisfy either z*(s) =1 or

(a—15")s

0}

(a—ba (s)(11— 0)) (1 — ) — e (s) + —0.

Then, the equilibrium planting amount is given by

alp—o)+ “E)

(o4

b(u—o)?+c

x*(s) =min )
From this expression, it is clear that z*(s) increases in s, and it increases at a faster rate when r is
higher. Further, since x*(s) strictly increases in s until it hits one, we must have x*(s) > z°"* when s
is sufficiently high. Recall that the optimal subsidy amount s* must satisfy that the corresponding
equilibrium planting amount x*(s*) is equal to or as close to x°"* as possible. Therefore, for r >
1 —2a, the optimal subsidy amount s* must decrease in r to ensure that z*(s*) = x°".

To summarize, when r increases from a small number, the optimal subsidy amount s* initially

remains zero, then jumps to a positive number, and then decreases in 7, which demonstrates that
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the non-monotonic relationship between optimal subsidy and index accuracy continues to hold.
Further, we remark that the main reason why there is a jump in the optimal subsidy amount as a
function of r is that the yield Y follows a two-point distribution. Following the same setup as in
Section 7, we numerically verify that when the yield follows a continuous distribution, the optimal

subsidy also becomes continuous in 7, and it first increases and then decreases in r. [

Proof of Proposition C.2. Since including the consumer surplus in the net benefit does not
affect the farmers’ utility, the expression of the equilibrium planting amount remains unchanged
under this extension. Thus, all our results presented before Theorem 1 continue to hold.

For Theorem 1, by incorporating consumer surplus, the government’s objective is as follows:

* (s)
ve(s) =E /0 ((a=bx"(s)Y)Y + sI —zxc)dx

+E [;(bx* (5)Y) x (2°()Y) | — () E[s]]

g 2 (5) — Se b +0%) x (a(5))

Let a%' = W be the planting amount that maximizes v.(s), and let & = [0,5] N {s:
x*(s)E[sI] < B}. By replacing v(s) with v.(s) and x°?* with 29" in the proof of Theorem 1, we can
show that there must exist a threshold ry = min{r;,r.} such that the optimal subsidy, which we
now denote as s}, increases in r if and only if » <ry, where 7, is defined in the proof of Theorem

1 and r/, is the lowest index accuracy under which z*(s) = z%"* for some s € S. (Let 7/, = oo if no

such index accuracy exists.) Further, since 2" = > = z°"', we have s’ > s*.

ap ap
b(p,2+02)+c 2b(,u,2+02)+c
Similarly, since the expression of the equilibrium planting amount remains unchanged, our proofs

for Theorems 2 and 3 remain valid by replacing v(s) with v.(s) and z°?* with z%*. 0O

Proof of Proposition C.3. Consider any given s € [0,2a0] (recall from our main analysis
that § <2ao). Since the farmer premium ¢ is a fixed fraction of the actuarially fair level, we let
¢ =nE[sI], where n € [0, 1]. Suppose x farmers plant. Then, the utility of farmer i from planting and
enrolling is u(i|z,n,s) =E[(a — bzY)Y; + sI — h; — nE[sI]] — AVar[(a — bzY)Y; + sI — h; — nE[sI]].
Then,

u(z|z,n,s) =E[(a —bxY)Y;+ sl —xc—nE[sI]] — A\Var[(a — bzY)Y; + sI — xc —nE[s]]]
=—az” — B(s)z —y(n,s),

where o = 4\b?p% 0% + A0? (p? + 02)o?2, B(s) = b(p® + 02) + ¢ — dXabuo® — 2Xabpo? +4Xb(r — 3)po's,
and (1, s) = Aa®(0? 4+ 02) —ap — 2 a(r — 3)os — 5 (1 —n)s + s>
Further, as discussed in the proof of Proposition 4, it is sufficient to focus on the scenario where
all farmers have a higher utility from planting and enrolling than from planting but not enrolling.
In this case, following the same analysis as in the proof of Lemma 2, the equilibrium planting
_ —Bs)+y/B(s)2—1a7 (n,5)

amount is given by z*(n, s) = max{min{z(n,s),1},0}, where z(n, s) = or .
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Clearly, the equilibrium planting amount has the same structure as before. Further, the govern-
ment’s objective function remains unchanged. Thus, following the same steps of analysis as before,
the results presented in §4 continue to hold.

Next, with a floor price m € [0,a] and an index-based yield protection subsidy s € [0,2ac], the

utility of farmer ¢ from planting is as follows:

u(ilz,n,m,s) =E[max{(a — bxY),m}Y; + sI — h; — nE[sI]]
— A\Var[max{(a — bzY),m}Y; 4+ sI — h; — nE[sI]].

Following the same analysis in the proof of Lemma A.4, the equilibrium planting amount is given
by z*(n,m,s) = max{min{z(n,m,s),1},0}, where Z(n,m,s) can be obtained by considering the
following three cases. Specifically, there exist two thresholds m, and my such that

(1): If m €[0,m4], then we have Z(n,m,s) =z(n,s).
—B(m,5)+1/B2(m,s)—dam~(n,m,s)

o)t + A (u—0)%02, B(m,s) = 3b(n—0)*+c+ 1 Ab(p—0)*(m(p+0) —alp—0)) — Aab(p—o)o? —
Ab(r— 3)s(—0)? and 4(n,m 5) = A (m(+0) —a(—0)* + EA(a? + m2)o? — ()~ Sa(u—
o)~ Al — D)s(m(u-+ o) —al— o)) — 21— n)s + 1A%

mu—)\m2(02+03)+%(1—n)s—zleksz+2)\a(r—%)sm
- .

(ii): If m € (mq, my], then we have &(n,m,s) = , where v, = T AD? (11—

(iii): If m > mao, then we have &(n,m,s) =

Clearly, the equilibrium planting amount has the same structure as before. The government’s
objective function also remains unchanged. Thus, following the same steps of analysis as before,
the results of Proposition 3 and Theorem 2 continue to hold.

Finally, since z*(n,s) remains structurally the same as x*(s), and the government’s objective

remains unchanged, the results of Lemma 3 and Theorem 3 continue to hold. [

Proof of Lemma C.1. To prove the lemma, we first note that the number of enrolled farmers is
determined by the policy parameters (s,£), while each insurer’s bidding decisions affect its margin
per farmer and the probability of winning the bid. If insurer j is awarded the contract (i.e., n; is
the lowest among all bids), it earns an expected margin of n; — f — E[sI] per farmer. Otherwise
(i.e., m; is not the lowest among all bids), it earns a zero profit. We next prove that the unique
equilibrium of the insurers’ bidding decisions is given by n; =E[sI] + f.

First, we prove that no insurer will bid n; < E[sI] 4+ f in equilibrium. If some insurer bids
n; <E[sI]+ f, then n; — f —E[sI] <0, and thus it earns a negative margin per farmer when it is
awarded the contract. Regardless of other insurers’ bids, the best response is therefore to bid at
least E[sI] + f. Hence, we must have n; > E[sI] + f in equilibrium for all j € {1,...,J}.

Next, we prove that we must have minjeqi, . 5 7; = E[sI] + f in equilibrium. We prove this

by contradiction. Suppose min;e; nn; for some

..........
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j €{l,...,J}, then insurer j' will not be awarded the contract. Thus, the insurer can profitably
deviate to a premium that is slightly lower than min;cgy, . sy 75, so that it will be awarded the
contract with probability one and earn a strictly positive profit. If we have 1, =min;eq; .. 5y 7; for
all j'€{1,...,J}, then each insurer will be awarded the contract with probability l} In this case,
any insurer can profitably deviate to a premium that is slightly lower than min;cgy,.. sy 7;, so that
it will be awarded the contract with probability one and earn a strictly higher profit. Therefore,
we must have minjeq, 7y n; = E[sI]+ f in equilibrium.

Finally, given min;cqq, . sy n; = E[sI] + f, by the tie-breaking rule, any insurer that sets n; >
E[sI]+ f will deviate to E[sI]+ f. It remains to prove that n; =E[sI] + f for all j € {1,...,J} can
be sustained as an equilibrium. Consider any insurer j € {1,...,J}. When all other insurers set their
premium as E[sI] + f, the best response of this insurer is also to set the premium at E[sI]+ f.
Any downward deviation leads to a negative profit upon winning, and any upward deviation leads

to a zero profit upon losing. This completes the proof. [

Proof of Lemma C.2. To prove the lemma, we first note that the number of enrolled farmers is
determined by the policy parameters (s, &), while each insurer’s bidding decisions affect its margin
per farmer and the probability of winning the bid. Given (s,&), we now derive the symmetric
Bayesian Nash equilibrium for insurers’ bidding decisions, characterized by a bidding function g( f)
for f €0, f], which maps from insurer costs to premium bids. From established results on first-
price auctions, it is sufficient to focus on non-decreasing and continuous bidding functions (see
Proposition 2.2 in Krishna 2009).

Consider any insurer j € {1,...,J}. Suppose all other insurers follow the bidding function g(-).
Then, for any f; € [0, f], it is sufficient to consider premium bids in [g(0), g(f)], since other bids are
weakly dominated (a bid lower than g(0) reduces the margin without increasing the probability of
winning, while a bid higher than g(f) results in a zero probability of winning). Suppose insurer
j’s cost is f; and that it bids g(z) for some z € [0, f]. Since each insurer’s cost is uniform on [0, f],
the probability that insurer j wins the bid (i.e., all other insurers have costs at least z) is given by
(1— %)J_l. Therefore, its expected profit per farmer is given by (g(z) — f; — E[sI])(1 — 1) -1

If the bidding function g(-) constitutes a Bayesian Nash equilibrium, then given that all other
insurers follow this bidding function, it must be the best response for insurer j to bid g(f;). From
insurer j’s profit function, its best response must satisfy the first-order condition with respect to z.
By differentiating the expected profit with respect to z and setting the derivative to zero at z = f;,

we have

0 (1=5) " = o) — B T (1- ) <o

which simplifies to

g(f;) = ( (fy) = f; — E[s]).

&Mk‘

—
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Solving the above linear differential equation, we obtain
J—1 12 - e
g9(f;) =E[sI]+ Tfj + jf‘i‘ C(f—f)",

where C' is a constant. Since it is sufficient to consider non-decreasing g(-), it must be bounded on

[0, ]; this rules out C # 0 because the last term diverges as f; approaches f. Thus, C' =0 and
J—1 12 -
g(f]) :]E[SI] + Tf] + jfa fj € [Oaf]a
which completes the proof. [

Proof of Proposition C.4. The proof of this proposition is similar to that of Proposition C.3.
Consider any given s € [0,2a0] (recall from our main analysis that § < 2ac). Since the farmer
premium £ is a fixed fraction of the actuarially fair level, we let £ = nE[sI], where n € [0, 1].

Note that farmers’ decisions in the setups considered in §8.3 and §8.4 are the same. Thus, given
the government decision on the payment amount s (with & = nE[sI]), the equilibrium planting
amount, denoted by z*(n, s), is the same as that characterized in the proof of Proposition C.3.

For the public-information case, let f = f. For the private-information case, define f =
Eminjeq,. .y 52 f + 5 f] = %% +1f= f—fl Then, in both cases, the expected premium of
the winning bid is E[sI] + f, where f can be interpreted as the sum of the administrative cost of
the winning insurer and the information rent (when it exists). Then, under given (7, s), the net

benefit is as follows:

z*(n,s) A
v(n,s)=E /0 ((a—bx*(n,s)Y)Y —xc+ sl —nE[sI])dx | — (E[sI]+ f —nE[sI])z*(n,s)

=y x2*(n,s) —v2 X (x*(n, ),

where v; = ap — f and vy = b(pu? + o?) + %c. Therefore, the government’s problem remains struc-
turally the same as the centralized case in our main model and in §8.3, except that v; becomes
smaller due to the explicit incorporation of administrative costs and information rents. The value
of v, affects the value of x°P* defined in §3 but not the structure of the problem. Thus, following

the proof of Proposition C.3, the results of Theorems 1, 2, and 3 continue to hold. [

Proof of Proposition C.5. As discussed in the proof of Proposition C.4, the government’s
problem is to choose s to maximize v(n,s) =wv; X z*(n,s) — vy x (x*(n,s))?, where z*(n, s) denotes
the equilibrium planting amount and is characterized in the proof of Proposition C.3. With a slight
abuse of notation, let z°%' = 7L = WEJ;H‘C Let S=10,5]N{s: (E[sI]+ f —nE[sI])z*(n,s) < B}.

Then, following the analysis in the proof of Theorem 1, the optimal payment amount s* must

satisfy either (i) s* =argmaxz*(n,s) and z*(n,s*) <z, or (ii) s* =inf{s:z*(n,s) = x°?'}.
s€S
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Since the value of f does not affect farmers’ decisions, a higher f affects the government’s
decisions only through (1) a lower value of x°P*; and (2) a smaller feasible set of s. For a fixed
feasible set of s, a lower value of z°P* clearly leads to a lower optimal payment amount. Accounting
for the smaller feasible set from the higher cost reinforces the conclusion that the optimal payment

amount is lower. Therefore, a higher f must lead to a lower optimal payment amount. [

Proof of Proposition C.6. The proof of this proposition is similar to that of Proposition 4.
Farmers’ decisions in the setups considered in §8.3 and §8.4 are the same. Thus, given the gov-
ernment decision on the payment amount s and the farmer premium &, the equilibrium planting
amount, denoted by z*(§, s), is the same as that considered in Proposition 4. Since the government

incurs an expected expenditure of E[sI]+ f — & per farmer, the net benefit is given as follows:

x* (&,5) A
v(f,s):E[/o ((a—bx*(&,8)Y)Y —zc+sI —&)da| — (E[sI]+ f—&)x*(&,s)
=01 X ZL‘*(f,S) — U2 X (ZE*(f,S))Q,

where vl =ap — f and vy = b(p® + 0?) + %c. With a slight abuse of notation, let z°* = 2“712 =
m Let F =1[0,00) x [0,5] N{(&,s): (E[sI]+ f —&)z*(&,s) < B} denote the feasible set
of (£,s). Then, following the analysis in the proof of Proposition 4, the government’s optimal
decisions &* and s* must satisfy either (i) (£*,s*) € argmaxz*(€,s) and z*(&*,s*) < z°*, or (ii)

o (s = o

Since the value of f does not affect farmers’ decisions, a higher f affects the government’s
decisions only through (1) a lower value of z°P*; and (2) a smaller feasible set of (&,s). These
changes do not alter the structure of the government’s problem, and the analysis in the proof of

Proposition 4 remains valid. [

Proof of Lemma C.3. Consider a fixed s > 0. Suppose x; farmers plant Crop 1 and x, farmers
plant Crop 2. Then, following the same analysis as in the proof of Lemma 1, the mean and variance

of the net income of farmer i € [0,1] from planting Crop 1, denoted as m; (i|x1, s), are as follows:

1
E[Trl(i‘xl7 S)] =uap — bx1<lug =+ 1}20‘2) — whl + -8,

2
Var([m (i|z1, 5)] =(ua — 2bzyp)*v?0® + (v’a”® — 2uabz p+ b°2F (1° + v°0°)) o7
1 1
+ 152 -5 (r — 2> (2ua — 4bx p)vo

The utility of the farmer ¢ is given by

uy (i|x1, s) = E[m (|21, s)] — AVar[m (i|z1, )] = Ri (x4, s) — wh;, (C.1)
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where we use R;(z1,s) to denote the value of u,(i|z1,s) + wh;, which is independent of i.

Similarly, let m5(i|x2) denote the net income of a farmer i € [0, 1] from planting Crop 2. Then,

Elmy(il2s)] = ap — bas(p® +0°) — hi,

Var(m, (i|z2)] = (a — 2bxap) 0 + (a® — 2abzop + b2x3 (0> + 7)) o7
The utility of the farmer 7 is given by
U9 (’L|IL‘2) = E[Wg(l’iﬂg)] — )\V&I’[ﬂ'g (’L|IL‘2)] = Rg(l‘z) — hi, (02)

where we use Ry(x3) to denote the value of uy(i|zs) + h;, which is independent of i.

To prove the lemma, we first observe that the farmers who choose not to plant must be those
with higher production costs. Therefore, it is sufficient to prove that, among the farmers who plant,
those who choose to plant Crop 1 must be the ones with lower production costs. To do so, it is
sufficient to prove that, for any two farmers, 4; who plants Crop 1 and i, who plants Crop 2, we
have h;, < h;,. We prove this by contradiction. Suppose there exist two farmers i; and i,, where
i, plants Crop 1, i, plants Crop 2, and h;, > h;,. Let 27 >0 and x; > 0 denote the equilibrium
planting amounts for Crop 1 and Crop 2, respectively. Since farmer i, plants Crop 2, by Equations
(C.1) and (C.2), we must have Ry(z}) — h;, > Ry(z7,s) — wh,,. Then, since w > 1, for any farmer
whose production cost satisfies h > h,,, we have Ry(x3) —h > Ri(x},s) — wh. This implies that

farmer i; prefers Crop 2 over Crop 1 (because h;, > h;,), which leads to a contradiction. [

Proof of Proposition C.7. We first prove the proposition by considering the relationship
between the index and area-level yield as I =Y + 1, one of the two representations discussed in
Appendix C.6. Throughout the proof, we highlight all steps that rely on this specific representation.
At the end of the proof, we demonstrate that our results hold under the other representation (i.e.,
Y =f(R)+nand I = f(R)). We prove this proposition in the following four steps:

Step 1: We characterize the equilibrium planting amount z*(s) for any given subsidy amount
$>0. Let ¢ :=1(I < p). For any s >0, if x farmers plant, the utility of farmer x is given by
m(z|z,s) = (a—bxY +¢,)Y; —xc+sC. Then, E[n(z|z,s)] = ap— bax(p? 4+ 0?) —xc+ Ls, and

Var[r(z|z, s)]
=Var[(a — bzY)Y]| + Var[s(] + 2Cov((a — bz Y)Y, s¢) + Var[(a — bxY )e;] 4+ Var[e, (Y + €;)]
1 1 1
= (a’0”? — dabuc’s + b*z°t;) + 182 +2s (at2 —ap brts + ibsc(,u2 + 02))

+ (a® = 2abzp +b°2*(1* + 0%)) 02 + (W’ + 0% + 070,
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where t; = Var[Y?], t, = E[Y(] and t3 = E[Y?(]. Then, with a slight abuse of notation, we have
u(alz, s) = Bln(z]z, 5)] — AVar[r(alz, 5)] = —az? — B(s)z — 1(s), (©3

where o = Ab?t, + A0 (u? +02) a2, B(s) = b(u? +0?) +c— 4 abuoc? — 2 abuo? — 2 \bts s+ \b(pu? + 02)s,
and y(s) = Aa*(0® 4+ 02) —ap+ Aa(2ty — p)s — 15+ ;N> + AN(p® + 02 + 0202

Following the analysis in the proof of Lemma 2, to obtain the equilibrium planting amount, it is
sufficient to analyze the solutions of u(z|x, s) = 0. As a building block, we first prove §(s) > 0 for any
s> 0. Since we have proven in the proof of Lemma 2 that b(u? + 02) + ¢ — 4 abuo? — 2 abuc? > 0,
it remains to prove —2Abtss + Ab(p? 4+ 02)s > 0, which is equivalent to proving t3 < (u?+0?). To
do so, let Z =Y — p. Then, we have Z ~ N (0,0?). Let fz(-) denote the density function of Z. Since
I=Y +n,and Y and 7 are independent, by the definition of t3, we have

ts =E[Y*(|=E[(Z + p)* x L(Z + p+n < p)]

2+ )2 X P(n< —2) x f2(2)dz

224 1?) (P(n < —2) +P(n < 2)) + 220(P(n < —2) = P(n < 2))] X fz(2)dz

/.

= [ (G x Pl < =) (k) < B < 2) x (o)
!
[

=5 (1" +07), (C4)

where the inequality holds because we have P(n < —2)+P(n<z)=1and P(n < —z) <P(n < 2) for
any z € [0,00). Thus, we conclude that 5(s) >0 for any s > 0.

Since we also have a > 0, if v(s) < 0, then following the analysis in the proof of Lemma 2,
there must exist a unique positive solution to the equation u(z|x,s) =0, which is given by Z(s) =

—B( S)+\//32 s)—day(s)

such that the equilibrium planting amount is strictly less than one). On the other hand, if v(s) >0,

. In this case, we have x*(s) = &(s) (recall that we assume c is sufficiently high

then u(x|z, s) <0 for any x > 0, which implies 2*(s) = 0. Since we assume \ <

ap
a? (0'2+Ug)+(/L2+0'2+0'2)(7% ’

we have v(0) = Aa?(0? +02) —ap+ N(p® + o0+ 02)02 < 0 and thus z*(0) > 0.

Step 2: We prove that (i) if *(s) >0, then 823: *(s) <0, and (ii) Z2*(s)]s—0 > 0.

ds

We first prove 2y *(s) <0 when z*(s) > 0. Based on our analysis in Step 1, this is equivalent to
proving @x(s) < 0 when 7(s) < 0. To do so, since « is independent of s, 5(s) is linear in s, and
B%(s) — 4ay(s) is a quadratic function in s, it is sufficient to prove that the coefficient of the s?
term in 32(s) —4ay(s) is negative, which is equivalent to proving that A?b%t; + A?0?(u? + 0?)o? >

A20%(u? + 02 — 2t3)2. Therefore, it is sufficient to prove that t; > (u? + 0% — 2t3)%.
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By the definition of ¢;, we have t; = Var[Y?| = Var[(Z + u)?] = Var[Z?] + 4p?Var[Z] > 4202,
where the third equality holds because Z ~ N(0,0?) and thus Cov(Z%,2uZ) = 2u(E[Z?%] —
E[Z?]E[Z]) = 2u(0 — 0) = 0. On the other hand, since I =Y + 7, by Equation (C.4), we have
P4 o% =2ty = [T 4zp(P(n < z) = P(n < —2)) X fz(2)dz < [[74zp x fz(2)dz = \/%;w < 2uo.
Therefore, we have t; > (u? + o2 — 2t3)2.

We next prove 2 x*(s)|,—o > 0. We have shown in Step 1 that 2*(0) > 0. Therefore, following the

Os

analysis in the proof of Lemma A.2, it is sufficient to prove %u(:c\x, 5)|o=a*(0),s=0 > 0. We have

S

0 1 1 1
a—u(w\x, s) om0 =2 2\ (at2 — 5k bx*(0)ts + 5()1:*(0)(,1;2 + 02)> .

Thus, to prove Zu(z|,s)|s—s*(0),s=0 > 0, it remains to prove that aty — fap — bz*(0)ts +
202 (0)(1® 4 02) = a(ta — p) — ba*(0)(t; — 5(p* + 02)) < 0. Since I =Y 417, and Y and n are

independent, by the definition of t5, we have

ta=E[Y(]=E[(Z+p) x L(Z+p+n<p)]

= [ G Pl <—2) x fa(2)d

| (G x Pl < =24 (k) Bl < 2) x fae)
= /Ooo[u (Pn<—2)+P(n<z2))+2zP(n<—2)—P(n<=z2))] x fz(2)dz

—gut [ aBr< )~ Ply <) x fal) (©5)

which implies ¢, < 241 By Equations (C.4) and (C.5), we have

o=y rt) = [ " 92p(Bn < 2)— By < —2)) x f2(2)dz

_ o [ / (Bl < 2)~B(n < —2)) x f(z)dz

1
=2u(ts — 5#)
Thus, we have
1 * 1 2 2 1 *
alts = 5i) — b2 (0)(ts — 5 (1% +0%) = (12 — 51) (@ — 2oy (0)) <O, (C.6)

where the inequality holds because we have proven that ¢, < % w and we consider a > 2bu. Hence,
we conclude that Zu(z|z, s)]s—u*(0),s=0 > 0, and thus Zz*(s)[,—o > 0.

Step 3: Let S ={s>0:2*(s)E[s(] < B}, and let s; = argmaxx*(s); we now prove that if
s€S
x*(s1)E[s1¢] < B, then s; strictly increases in index accuracy (i.e., it strictly decreases in o,)). Given
0

2*(s1)E[s1¢] < B and the conclusion in Step 2, we must have 5-2*(s)|,—s, = 0. Then, to prove that
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sy strictly decreases in o, it is sufficient to prove x*(8)|s=s, < 0. Following a similar analysis

as in Step 1 of the proof of Proposition 1, it is sufficient to prove that

o2 o .
— X |\S
8xasu(x|x’8) z=x*(s1),5=51 agn ( ) s=s1

82
u(z|z, s <0.
8380'77 ( ’ ):c=x*(sl),s=sl

To do so, by Equation (C.3), we have

92
= 2\bt5 — Ab(p? + o2
8$85u<x|$,8) r=x*(s1),s=s1 8 (,u to )7
0? 0 1 1
=2 \— | aty — —ap — brts + ~bx(p* +o? C.7
8880nu($|x78) r=x*(s1),5=51 80,7 <a 2 QCLM hs + 2 x(,u to )> r=x*(s1). ( )
Moreover, by Equation (A.7), we have
a ., ou(z|z,s)/0o,
—x*(s) =—— 1 72 7
30,] s=s1 (9u(x|1:,s)/8:6 r=x*(s),s=s1
B 72)\% (at2 - %a,u — bxts + %bx(;ﬁ +02)) loma®(sy) X S1
2a*(s1) + B(s1)
2
51
= X u(zx|z, s C.8
\/,32 31 40{'}/ 31) 8580'77 ( | ) r=x*(s1),5s=s1, ( )

where the third equality holds due to Equation (C.7). Therefore, we have

o? 9 ’
w(x|z,s —x*(s + u(x|z, s
0x0s ( | ) r=x*(s1),5=s1 60'77 ( ) s=s1 8880}7 ( | ) r=x*(s1),5=51
52 2\bt3 — Ab(p? 2
— u(zlz, s) 4 (2Abts Z Aby” ¥ 07)) ) | (C.9)
0s00, w=a*(s1),5=51 VB3 (s1) — 4ay(s1)

2
To prove that Equation (C.9) is negative, it is sufficient to prove that 1+ 2= 26’\21’:3 ) ’\Z(“ (J”’) ) >0
S1 ay(S1
52 51X (2Abtg—Ab(p2+02))
55 ]u(x|:c,s)|$:$*(sl)7szsl < 0. We first prove that 1+ P o) den (o) > 0. Since we have
shown that 2¢; < p? + 02 in Equation (C.4) and thus we have 2\bt3 — Ab(u? +0?) <0, it is sufficient

to prove that s; x (Ab(u? + 02) — 2\bt3) < \/B2(s1) — 4ay(s1). We prove this by following a similar
analysis as in Step 1 of the proof of Proposition 1. Specifically, by the definition of s;, we have

062 (s) — 401(s))/0s ):0
2/F() —day(s) D= )

1
s=s1

and thus
2
—4
)\b(,UJQ + 0_2) _ 2)\bt3 — 8(ﬁ (8) ory(s))/as
B2(s) —4ar(s)
Multiplying both sides of the equation above by s;, we have

s=s7.

51 % (Ab(p? 4 %) — 2Abt3) = 8<B2(;3(;)4f1§32£)88

X 81. (C].O)

s=s]
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Further, as shown in Step 2, 8%(s) — 4a~(s) is concave in s and increasing in s at s =0, which

implies that

[8%(51) — day(s1)] = [8%(0) — 4ay(0)] > 36,5 (8%(s) — 4a7(s))

X S1.
s=s1

We also have 52(0) — 4ay(0) > 0 because we have shown v(0) <0 in Step 1. Therefore, we have

I(B*(s) —4a(s))/0s
B2(s) — 4ay(s)

By combining Equations (C.10) and (C.11), we have s; x (Ab(1% +02) —2Abt3) < \/B%(s1) — 4ay(s1),
51X (2Abt3—Ab(p2+02))
> 0.
V/B2(s1)— 40 (s1)
We next prove that u(z|x, 8)|p=p*(s1),5=s; < 0. To do so, it is sufficient to prove that

VB2(s1) — 4avy(s1) >

X 81. (C]_].)

s=81

which implies 1+

62
0s0oy
%u(x\x,s)h:w*(s) <0 for any s > 0 such that 2*(s) > 0. Let ®(-) denote the cumulative distri-
bution function of a standard normal random variable, and let ¢(-) denote the probability density

function. Since I =Y +n, by Equation (C.7), we have

> u(zxlz, s) ——2/\i at —la — bt +}bx( *+0%)
8580'77 ’ w:x*(s)_ 80'7] 2 2 H s 2 H

0 1
— 2\ _ = _9
/\80,7 <(t2 2,“)(04 blux)) ‘z*r*(s)
= —2\(a —2buz™ (s (2— )

)50
— 9\(a— 2bpa* (s a</ P(n < 2) ]P’(n<—z))><fz(z)dz>

x=x*(s)

2= 2 (o) [ g (#(2) =00 x2fa()a

<0,

where the second equality holds due to Equation (C.6), the fourth equality holds due to Equation
(C. 5) the fifth equality holds because 1 ~ N(0,02) and [~ ‘%(@(é) - @(;—5)) x 2 fz(2)|dz =
= ) X z2fz(z)]dz < %(%m J 22 f2(2)dz = ‘z’(gizg]"? < 0o (which justifies the interchange
of d1fferent1at10n and integration), and the inequality holds because a > 2bu and %(Cb(é) —
@(;—:)) = _‘b(é) X i—% <0 for any z € (0,00). Therefore, our conclusion in Step 3 holds.

Step 4: We prove that s* first increases and then decreases as the index accuracy increases. Since
index accuracy is uniquely determined by o, in this extension, where a higher o, implies a lower
index accuracy, we use a higher (lower) index accuracy and a lower (higher) o, interchangeably.

Since we have 85%20nu(:z|x, 5)|s=a+(s) < 0 for any s > 0 such that z*(s) > 0 (as shown in Step 3), by

Equation (C.8), we have a%fnx*(s) < 0 for any s >0 such that z*(s) > 0. Therefore, for any s> 0,

x*(s) increases in the index accuracy. Moreover, we have shown in Step 3 that if *(s1)E[s1(] < B,

then s; strictly increases in the index accuracy. Given these results, we must have z*(s;)E[s:(] < B
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if and only if the index accuracy is lower than a threshold. We must also have that z°?* is achievable
(i.e., x*(sy) > x°P") if and only if the index accuracy is higher than a threshold. Following a similar
analysis as in the proof of Theorem 1, it can be shown that when z*(s;)E[s;(] < B and z*(s1) < 2%,
then we have s* = sy, which increases in the index accuracy; otherwise (i.e., z*(s;)E[s;(] = B or
x*(s1) > x°P*, then s* decreases in the index accuracy. Thus, our conclusion in Step 4 holds.

It remains to prove that all the steps above that rely on the representation where I =Y +n also
hold under the alternative representation where Y = f(R) +n and I = f(R).

First, we prove that ¢t3 < (u? 4+ 0?). Since n and R are independent, I = f(R) and n must also
be independent. Then, since Y ~ N (u,07%), n~N(0,07), and Y = f(R) +n =1+, by Theorem 1
in Chapter XV.8 of Feller (1991), we have I ~ N (u,0” —07). By the definition of ¢3, we have

by =E[Y2¢] = B[(] +n)*1(I < )] = E[(I + )| I < uP(I < p)

(E[I* [T < p]+2E[In|I < p] +E[p* |1 < p])
(@

(E[?|I<p]+07)

N~ N RN

<u2+ (0% —02)—2u W"%—cri)

( Zto’—2u 2(02_0727)> (C.12)

™

<= (p?+0?),

N = DN =

where (a) holds because I and 7 are independent, and the inequality holds because p > o.

Next, we prove that ¢; > (u? + 02 — 2t3)?. We have shown in Step 2 that ¢, = Var[Y?] > 4u202.
Moreover, by Equation (C.12), we have p? + 02 — 2t3 > 0 and p? + 0% — 2t3 = 2u4/ @ <
2/;0\/% < 2uo. Thus, we have t; > (u? 4+ 0% — 2t3)2.

We now prove that a(t; — 3p) —bz*(0)(t; — 2(4* +02)) < 0. By the definition of ¢, we have

ty=E[Y (] =E[Y1(I < )] = E[I 47| I < uP(I < 1) = %E[I I<y)
:% (u— 20t =0y _U’%)> : (C.13)

i
Then, by Equations (C.12) and (C.13), we have

alts — %H) —bx"(0)(t3 — %(MQ +0%)) = 7% 2«‘%—0)

where the last inequality holds because we consider a > 2bu.
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Finally, we prove that
(C.7), we have

w(x|, 5)|s=sr(s) <O for any s >0 such that 2*(s) > 0. By Equation

> u(x|z,s) = —2)\i aty — 1a —bats + 1bx( >+0%)
8800'7] ’ r=x*(s) - 80'7] 2 2 H 8 2 a z=x*(s)
0 1 2(0% —02)
=L [ —Z(a—-2 29 7%
)\80}] ( 2(a b,U/-T) ™ r=x*(s)
. 90 [2(0?—02)
= Aa —2bz"(s)u) 9o, -

<0,

which completes the proof. [

Proof of Proposition C.8. Consider any fixed p € (0,1) and s € [0,2a0]. Suppose z farmers

plant. Let u,(i|z,s) denote the utility of farmer ¢ from planting. Then, we have
up(z|2,8) =E[(a —bzY)Y; + sI] — zc — A\Var[(a — bxY)Y; + sI] = —az® — B,(s)z — v,(5),

where a = 4\b?* (20 + \b* (u? +02) 02, B,(s) = b(u? 4+ 02) +c— 4 abo? pu— 2 abuc? +4\b(2rp—p)ops
and 7,(s) = Xa*(0? + 02) — ap — 2Xa(2rp — p)os — ps + Ap(1 — p)s>.
Then, following the same analysis as in the proof of Lemma 2, the equilibrium planting amount
_ *ﬁp(S)WL\/ﬁ%(S)*‘la’Yp(S)

is given by z;(s) = max{min{#,(s),1},0}, where Z,(s) = - .

Clearly, the equilibrium planting amount has the same structure as before. Further, the govern-
ment’s objective function remains unchanged. Therefore, following the same analysis as in Appendix
A, all of our results presented in §4 continue to hold.

Next, with a floor price m € [0,a] and an index-based yield protection subsidy s € [0,2ac],
following the same analysis in the proof of Lemma A .4, the equilibrium planting amount is given by
x,(m, s) = max{min{#,(m, s),1},0}, where &,(m, s) can be obtained by considering the following
three cases. Specifically, there exist two thresholds m; and my such that

(i): If m € [0,m4], then we have &,(m,s) = Z,(s).
751;(m,s)Jr\/ﬂg(m,s)74am'yp(m,s)

o)+ 3\ (n—0)?02, By(m,s) = 3b(p—0)* +c+ Ab(u—0)*(m(p+0) —a(p—0)) — Aab(p—o)o? —
Ab(2rp—p)s(p—0)* and y,(m, s) = {A(m(p+0) —a(p—0))* +3M(a* +m?)o? — gm(u+0) — za(pu—
o) = A2rp —p)s(m(u+0) —a(p— o)) —ps+ Ap(1 —p)s*.

mp,f)\mQ (02+0'3)ers7)\p(17p)52+2/\o'(2rp7p)sm
- .

(ii): If m € (my, mo], then we have &,(m,s) = , where a,, = $Ab*(p —

(iii): If m > mo, then we have z,(m, s) =

Clearly, the equilibrium planting amount has the same structure as before. Further, the govern-
ment’s objective function remains unchanged. Therefore, following the same analysis as in Appendix

A, our results presented in Proposition 3 and Theorem 2 continue to hold.
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Finally, since x;(s) remains structurally the same as x*(s), and the government’s objective

function remains unchanged, our proofs for Lemma 3 and Theorem 3 remain valid. [

Proof of Proposition C.9. We have shown in Corollary 2 that when w = 0, there exists such
a threshold r3 such that s* <s% if and only if r < r3;. Moreover, we have shown in Theorem 1 that
s* first increases and then decreases in r. Therefore, to prove that such an r3 exists for all w >0
and decreases in w, it is sufficient to prove that s* decreases in w.
Recall that s% must satisfy that the corresponding equilibrium planting amount z%(s%) is as
close to % " as possible. Moreover, following a similar analysis as in the proof of Theorem 1, we
o) opt

must have 5-2% (s)[s=s > 0. Then, since s% satisfies 27 (s%) x (55% +w) < B, and 2" decreases in

w, we must have that s* decreases in w, which completes the proof. [

Proof of Proposition C.10. To prove the proposition, we first prove that %v(s*) >0 and

“Lva(s,w) <0. We begin by proving <-v(s*) > 0. By Equation (A.17), we have

d d 0 3} 0
Ev(s*) = E(’Ul X 2*(8%) — vy X (27(5))?) = (v; — 2ve2™(5¥)) (arx*(s) . + %x*(s) g_&87’3*)
Based on the proof of Theorem 1, we have 2*(s*) < z°" = J-. Moreover, if 2*(s*) = 27", we have
<Ly(s*) =0. Thus, to prove “-v(s*) >0, it remains to consider the scenario where z*(s*) < %"

and thus v; — 2vez*(s*) > 0. Based on the proof of Theorem 1, consider the following three cases:

Suppose s* satisfies s* < 5 and %x*(sﬂszs* =0. Then, by Corollary 1, we have

0 0 0 0
Y= Y= I G >0.
87’:1: (8) + 85:13 (8) s=s* 67"8 (37’x (8) s=s* 0

s=s*

Thus, we have <-v(s*) > 0.

Suppose s* satisfies s* <5, 22*(s)|s—s+ > 0, and z*(s*)E[s*I] = B. By taking the derivative of

both sides of z*(s*)E[s*I] = B with respect to r, we have

* [k * * [ g *
DR L e B

1 0 1<8

We have shown in the proof of Theorem 1 that %s* <0 in this case. Then, we have -Z2*(s)|s—q +

or
L% (5)|smsr 25" >0 and thus Lo(s*) > 0.

Suppose s* satisfies s* = 5. Then, by Equation (A.13), we have

o . o . o .
S = —4buo <8rm (s) + 95" (s)

s=s*

We have shown in the proof of Theorem 1 that %s* < 0 in this case. Then, we have Qx*(s)yszs* +

or
L% (8)|s=sr 25" >0 and thus Lo(s*) > 0.
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Next, we prove that —-v,(s%,w) <0. We have shown in the proof of Proposition C.9 that s%

decreases in w and %xj(s)]szsz > 0. Thus, by the expression of v4(s,w) in Appendix C.7, we have

d * * * d * * * * * *
@UA(S,LUU’) = (v1— 2025514(5,4))@35,4(5,4) —xy(sh) — waivA(SA)

TN 9 . o\ .o
= (o= w203 650) (en(o)| _ + gen(o)] st ) —aatsn)
= (v —w-— 2U2xA(SA))%‘TA(S) S:SQ%SA =z (s%)
<0,

opt —_n-w

where the inequality holds because x%(s%) < 2% and thus v; —w — 2vex% (5% ) > 0.

205

Having established both <-v(s*) >0 and —-v,(s%,w) <0, we now proceed to proving the propo-
sition. To do so, we first observe that when w =0, we must have v4(s%,w) > v(s*) for any r € [3,1].
This is because, for any given subsidy amount s, the equilibrium planting amount under the actual-
yield-based policy is higher than that under the index-based policy (as shown in the proof of
Corollary 2), which implies that, to achieve the same equilibrium planting amount, a lower subsidy
is needed under the actual-yield-based policy. Further, when w =0, we have x%’ * = ot Therefore,
when w =0, we have v, (s%,w) > v(s*) for any r € [3,1]. Let w; denote the highest yield assessment
cost w such that v4(s%,w) > v(s*) when r =1. Then, given that Lv(s*) >0 and —Lv,(s%,w) <0,
we must have vy (s%,w) > v(s*) for any w <w; and any r € [3,1].

On the other hand, when w is sufficiently high (e.g., when w = % or w=1v;), we clearly have
va(s%,w) < v(s*) for any r € [3,1]. Let w, denote the lowest yield assessment cost w such that
va(s%, w) <v(s*) when r = 1. Then, given that <-v(s*) >0 and —-v4(s%,w) <0, we must have
va(s%, w) <v(s*) for any w > w, and any r € [3,1].

1

Finally, when w; < w < ws, by construction of w; and ws, we have v4(s%,w) >v(s*) when r =

and v4(s%, w) <v(s*) when r =1. Since v4(s%,w) is independent of  and <-v(s*) >0, there must
exist a threshold in (3,1) such that va(s%,w) <wv(s*) if and only if r exceeds the threshold. O
Appendix E Subsidy Design under Low vs. High Index Accuracy

In this section, we summarize the key policy implications of our analysis under low versus high
index accuracy. Table E.1 presents a concise overview of how the optimal yield protection subsidy
should be adjusted as index accuracy improves, how it should be set differently relative to an
actual-yield benchmark, and how it interacts with a minimum price guarantee. This summary
highlights how subsidy design should differ under low versus high index accuracy, underscoring the

importance of explicitly accounting for the accuracy (or inaccuracy) of the index in subsidy design.
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Table E.1 Policy implications for designing index-based yield protection subsidies

Index Accuracy Low High

Subsidy response to accuracy Raise when accuracy improves Reduce when accuracy improves

changes

Subsidy level Set lower than actual-yield Set higher than actual-yield
benchmark benchmark

Yield subsidy with vs. without Raise yield subsidy when Reduce yield subsidy when

price guarantee introducing price guarantee introducing price guarantee
(complements) (substitutes)

Price guarantee with vs. without Raise price guarantee when Reduce price guarantee when

yield subsidy introducing yield subsidy introducing yield subsidy
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