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EC.1. Proofs
For simplicity, we denote the buyer’s and the MCN’s expected profit functions by Ez[[Ic(w, Z)] and Ez[II (6, Z)].
Proof of Proposition 1. We first derive the equilibrium solutions to the two models by backward induction. In the

contract farming model, it can be calculated that the farmers’ optimal planting quantity in the second stage equals

yo(w) = max{“#,0} and the buyer’s optimal price equals po(w,z) =1— % if % <1, and po(w,z) =%
otherwise. When z = 0 (possible only if € = 1) there is no output to sell and the objective does not depend on the retail
price; we set pc(w,0) = 1, consistent with the expression above. This is immaterial, as Z is continuously distributed.

Accordingly, we can calculate the buyer’s expected profit function in the first stage.
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Z[ C(w’ )] - . 3037304202(e+1)(w7u)+3ad(w7y,)2(4we+(571)2)+(671)3(w7u)3
HC2 == 24aoZe(w—p) ’ ifwe [,LL+ 1+67/“L+ 1— s}'
HCg - ao’«&»ZZJCS,u w)

(EC.1)

OEz Mo (w,Z)]
ow

We can calculate that Ez[[Ic(w, Z)] is concave in w. Furthermore, =12 When > 1, this deriva-

w=p
tive is no greater than 0; therefore, > 1 implies w* < p and yc(w™) < 0. We refer to this result as Statement .

a(ptl)otp

It can be calculated that when € = 0, the optimal wholesale price that maximizes this function is w* = Sao 1

Accordingly, the planting quantity in equilibrium is y& = yo (w™) = max{ ZS(;_” 2) ,0}.

In the rural livestreaming model, we can derive the optimal price decision in the third stage, which equals

pr(0,y,2)=1— L2 if £ < ;7 and pr(0,y,2) = % otherwise. Plugging pr(0,y, z) into Equation (3), we obtain

(1) (sev(3+4)) )

Ir, = — 1y, ify €0, 5575k
_ . (1-0)(8 3(175)3711 —12ay? (1—€)2+6a2y(14€)
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We first note that yr,(6) =0 whenever p > 1. To show this, we directly calculate that 'z, (y|@) is concave. Hence, a

negative derivative at y = «a/[2(1 + €)] implies that the maximizer lies in the 'z, region. When p > 1, this derivative
I'py | _ _ 3aote(30+¢(1-6))+3
oy y:ﬁ,ﬂ:l e+1
indeed lies in the I'z, region. Solving the first-order condition for 'z, gives the unconstrained candidate y7,(0) =
3a(l—0—pup)
2(1-6)(e243)+6ac

It can be further calculated that when e =0, the optimal planting quantity is yz(0) = max{m, 0}. Hence,

the MCN’s expected profit is Ez[[I.(6,2)] = ao(l*i?:g?g_:;>§+““), which is concave on [0,1]. In addition, since

is bounded above by its value at =1, namely,

< 0. Hence, the maximizer

If u>1, y7, () is weakly negative; thus, yr. () = 0. We refer to this result as Statement 1.

its derivative is positive at § =0 and is negative at § = 1, its unique maximizer must be strictly interior. Hence,
solving the first-order condition yields the unique optimum 6* € (0,1), which is given by (oo + 1) Fo(t), where Fo(t) =

2 . ao . % . . «
(—% + 32% + 1), B= §/t2 (\/?7)\/252 + 27 — 9), and t = agi’f Plugging 6" into yr(0) gives yJ .

According to Statements t and i, the optimal planting quantities under both models are zero when p > 1. We next

compare the equilibrium quantities under p < 1. When p < 1, we calculate that

. . 1—p 1—-0*—p B V3aB?0 + Bt (6ao + V/3B(ac + 1)+ 3) — 3233 (ao 4+ 1) — 3?3 a0t?
Yo~y laoc+2 2a0-20012) ° 2(2a0 + 1)(1— 6" +ao)

(EC.3)
Since the right-hand-side fraction depends on « and o only through their product, for notational convenience, define
B = ao. The denominator of this fraction is positive because 0* is smaller than 1. The numerator is a quadratic

function in B with two zeros, which we denote by z1 < z2. Since it is convex, we know that xo < B implies that the



ec2 Electronic Companion to The Implications of Direct Market Access for Improving Smallholder Farmers’ Welfare

numerator is positive, indicating y& > y7.. We can show that x2 < B holds as follows.

23— B =/3t* (28 (1 +t+6) + >+ B2(t(t +2) +13) + 3) VRo — 9Ko (1 — t)£* + 23t /12 +- 27(8 + Bt +1)°
K, Ko
where Ro = t* (48(48+3) +4(B+1)**+8B(8+ 1)t +3) and Ko = —28° + (8 + 1)** + (8 + 1)(B(28 + 5) + 1)t.
Because t = ‘ffrg and p < 1, we have 0 < t < 1. In addition, plugging t = ‘l‘ig into Ko yields p? + pB(28+17) + p +
682 4+ 8 > 0. Taken together, K1, K2 > 0, and it follows that (z2)® — B® <0« (K1)? — (K2)? < 0. To prove that
(K1)? — (K2)? <0, we can calculate that it equals —36 - Ko(1 — ¢)t* (V3v#2+27—9) (8 + Bt + t)*> < 0. Therefore,

(K1)? — (K2)? <0, which implies B < 2, hence the numerator in (EC.3) is positive and y& >y}. O

Proof of Proposition 2. Given any p € (0, 1), define § = - o to simplify notation. Direct calculation gives 't —I'}, =
a-G2(B, 1); the G2 function equals

2
Ba—pr  (3(u+B)? - VBB+1)V 38+ 1)V (u+5))

Ga(B,p) = 428+1)2 123238+ 1)V (u+B8)2—12- V/3(B+1)3V3

)

(B+1)2
combine the two fractions in G2. The denominator of the resulting fraction can be shown to be positive. The resulting

where V = f/(u + B)2 <\/§ Wtb)2 | 97 9)/(ﬂ +1)2 and can be shown to be positive. To analyze G2(3, 1), we first

numerator equals f2(V') where f> is a quartic function. Since it can be shown that the two smallest zeros of f2(z) are
negative and the largest zero is greater than V for all 8 and p, we only need to compare V' with the second largest zero,
which we denote by z1 = — ;55350 where 51 = [65(u-+ )" +248(36(F+1) +1) (u+B)°4(B(B+1)(T36(B+1) +
44) +7)(p+ B)* +24B(B +1)*(3B(B+ 1) + 1) (u + B)6(1 — ) K. ( 28+ 2u(B(48+3)+1) + BBB(B+1)+3))]2, S =

3%/% (1?8 — (K5 —28(4B +3) —2) + K5 + BEB(B+1) +3)), K5 = /B (1B +2u(BBB +7) +2) + B(168(8 + 1) +5)).
Since the leading coefficient of f, is negative, we have f2(V) <0< V <z1. We prove V < 1 next.

The comparison between z; and V involves two sub-steps. In particular, we derive V <z, < V3 — (x1)3 =Ds5—
Ds-S1 eV <z < (Ds)?> — (De)? - (S1)? <0, where D5 and Dg can be shown to be positive. Simplifying (Ds)* —
(De)2 . (5’1)2 yields D7 — Ds - K5, where D7, Dg > 0. Therefore, V < x; is further equivalent to (D7)2 — (Dg)2 (Ks5)? =
A(p+B)*(1+28)°- f(B) <0, where f(B8) = —4p” = B - 4p(u(p+7) +2) = B2 - (u(p(p(p + 18) +97) + 44) +4) — §° -
2(u(p(p(p+19) +96) +53) +7) — B* - ((p(2p(p + 20) +237) +134) + 3) + B° (60 — 4 (61> + 450+ 28)) + 5% - (108 —
4p(21p+22)) + 87 - 64(1 — ). Let ¢; denote the coefficient of § to the i* power. We can observe that ¢; <0 for i < 4
and c7 > 0. By Descartes’ Rule of Signs, the number of positive real roots is at most the number of sign changes in
the sequence of coefficients. In this case, the only way f(8) could have more than one positive root is if ¢5 > 0 and
¢e < 0, which is impossible given 8 >0 and u € (0,1). Hence, f(8) has at most one positive root. Moreover, since
co <0 and ¢7 >0, we have f(0) <0 and f(8) — 400 as 8 — +oo. Therefore, f(3) must cross zero at least once. As a
result, f(/) has exactly one positive root. Denote this root by t}. We have a-0 <t) & f(8) <0V <x1 & fo(V) <
0 ' —T'; <0. Thus, defining t; =t} completes the proof.

Moreover, it can be verified (by calculating f(8)’s derivative with respect to u directly) that f(3) strictly decreases
in p for all g > 0. In addition, f(83,u) crosses the S-axis from negative to positive at ¢;. Consequently, the positive

root t1 strictly increases in p. O

Proof of Lemma 1. In the contract farrning model, supply depletion, i.e., y& -z <a(l —p&(z)) Vz €[l —€,1+¢],

is equivalent to y& < S w" < p+ 2%, Since Ilg; (defined in Equation (EC.1)) decreases in w, w > p+ 1% is

2(1+6)

. 82Tl 2
always suboptimal; therefore, we only need to consider II¢, and I¢,. Il is concave because w21 =— 6“2:;” <0.
83T ¢ 2 8% ot
B . o __ a“o 2 _ 6o¢o'+€ +3 Co _ 1
IIc, is also concave because: ——32 = Ty 0, 5.2 |w:u+ ae =T 6acT <0, and 761”2 ‘w:#_‘_ oo =75 <
_ : . %Moy _ 20 . .
0. When € =1, the third branch is empty and =552 = ~ Tw—p)?® — ; < 0 for all w > pu, so concavity continues

to hold. Taken together, the buyer’s expected profit function is concave in w. Therefore, w* < u + +% is equiv-
ol _ OIlc, _ 3(2a0+p)+e(Bute—3) 3p(e+1)+(e—3)e
Bwl }’UJ:/,A,+ Qoo 6w2 6o(ct1) <0< a0 > ———

3 1 3 = ‘“’:“* e
—% proves Lemma 1 for contract farming.

alent to = . Defining t5 (i, €) by




Electronic Companion to The Implications of Direct Market Access for Improving Smallholder Farmers’ Welfare ecd

Similarly, in the rural livestreaming model, we can show that supply depletion, i.e., yi - 2 < a(l — pL(2))

Vz €1 —¢€1+ ¢, is equivalent to y7 < 307 Based on similar arguments, we can derive that yi < g s
. orp, _orp, _ 3(ac+p)+e(Bu+e—3) 3(aoc+p)+e(3pute—3)
equivalent to —5- ‘y:2(ﬁe) =% !y:Z(&e) =g — <0s 0> == 35 (where I'z; and T'z,

are defined in Equation (EC.2)); therefore, what remains is to show that 6* > %W holds if and only

if ao is larger than a t5 (u,€) threshold. To accomplish this, we first show that the MCN’s expected profit function

Ez[IIL(0, Z)] is concave in 6, and then derive tZ(u,€) by analyzing the sign of W|6:3(M+u(>+g<3,l,+g_s) .

Since there is no closed-form characterization of Ez[II (6, Z)], we use the chain rule to analyzeei?ites sensitivity
property. Let us write Ez[[11 (60, Z)] as 6- R(y(0)), where R(y) represents the expected livestream sales revenue under
a given y. Applying the chain rule, we have
9*(0-R(yL(9) _, OR() RIAG I ((%L<9>>2 0’R(y)

06? Ay 06 00 0y?

OR(y) 9%yL(0)
oy o0 )

y=yr(0) y=yr(0) y=yr (0)

(EC.4)
8R(y) >0and 2 R(y) < 0 can be shown based on the same arguments used to prove concavity of IIc, and Il¢, in the

ﬁrst paragraph of this proof. Next, we will further show that %0(9) < 0 and agT%(G) < 0. To do so, we use the chain

rule to analyze the sensitivity property of yz(0). By definition, yr(6) is the maximizer of Iz (y|@). Consider 61“%7(;’&
as a function of y and 6, which we denote by G1(y, ). Following the chain rule, we have
0G1(yL(6),0) _ 0G1(y,9) 0yL(0) n 0G1(y,0) . (EC.5)
6 9y y=yr(9) 6 06 y=yr(0)
Since yr(0) is the maximizer of I'z(yr(0),0), we have G1(yr(0),6) =0, which implies %’5(9)’9) = 0. Plugging
this value into Equation (EC.5), we obtain Mb yn(6) = be yn(0)" M Additionally, it can be shown

yL(0>

that I'z(y,0) is concave in y, thus Mb yr(0) < 0. Taken together, the sign of is the same as that of

62

WM:M(G), which by definition equals %\y:y“@ and can be calculated as W —1if yp(0) <
2(1‘15)7 or (a+2yL(9)(:;alggz(éz;/),é(j)(efl)fa) if yr(0) € [2(1+5)v 5= 6>) (y> 2(1016) is always suboptimal, and this range is
empty when e = 1). Both values are negative because 81{;L76(f§9) <0 forally €0, ﬁ) Hence, %;& is also negative.
We further show that yr(6) is concave in 6. Differentiating both sides of Equation (EC.5) with respect to 6 yields

2 2 2 2
2. ECul0) sl0) | O°G) (Bm0Y 200 Pu® o o)

Y y=yr(0) v y=yr(0) Y y=yr(0)

823;2?9‘9) and 82((’;1;2?”9) can be calculated to be nonnegative for all y, which implies % <0.

Because %9(9) < 0 and % < 0, we derive that Ez[II.(#,Z)] is concave based on (EC.4). Conse-

quently, whether y7 < ﬁ holds or not depends on the sign of W|8=3(Qg+i)+i(gu+€73). Define

e—3)e

3.3
t5 (p, €) = —2e=d) 3&ifﬁ&tﬂ%gié%}?;ﬁsg)ﬁ18)+9>. It can be calculated that if and only if ac > t&(u,e),
W‘G:i’.(uo#»u()#»z()auﬁ»e—s) >0, hence yj < 307 and yr - z2<a(l—pi(z)) Vz€[l—¢1+4¢ hold. O
Proof of Lemma 2. Contract farming: As shown in the proof of Proposition 1, y& = w;;" The farmers’ opti-

mal expected income for a given w, I'c(yc(w)|w), equals <w;:>2
W; hence, GF;CE(6) = (w"(e) — u)(awgse) co) = (w*(€) — p) ayc( <) Therefore, y&(€), I'&(e) and w*(€) share the

same sensitivity properties with respect to €. Furthermore, it can be shown that the buyer’s expected profit function
= [e% o 62

Ez[llc(w, Z)] in Equation (EC.1) is maximized at w* = %
Rural Livestreaming: We first prove that y7 decreases in e. As indicated in Lemma 1, when ac > t2 (,u, €),

y; -z <ol —pj(z)) Vz€ [l —el+¢€. As a result, T'1(y|f) = 'z, as presented in Equation (EC.2). Apply-

3o (0—1+4p)
2(0—1)(e2+43)—6ac

, and the expected income in equilibrium I't;(e) =

. Accordingly, we can calculate that aw <0.

ing the first order condition, we can derive yr(0) =
3a.(6% () —1+p)
2(0* (5)71)(624»3)76040' :
_ 6ae(1—0%(€))(1—p—0"(€))+3a((3+€?) u+3a0)90* (¢) /e
2(3+€2+3a0—(3+€2)0*(e))2
numerator is positive. It is therefore sufficient to establish 8% (¢) <1— u and 96*(¢)/de > 0. To prove 0% (e) <1— p, we

In particular, the planting quantity

IAC)

5-—, can be calculated as

in equilibrium is yj (€) =

Its derivative with respect to e,

. Since the denominator is positive, Ay (€)/de < 0 follows once the

first derive that when 6 = 1 — i, farmers’ best response yr,(#) corresponds to the y7, (0) function defined in the proof of
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= « — ao—(€? —p—
Proposition 1 by Checkmg(%’y_ﬂﬁ‘) < 0. Therefore, Ez[I11(0, Z)] = 3 9(94;;2(9125?(62+g);325§2 " 1>), Since
3a(p—1 1 _ . T * _
its derivative equals Sor+2u(13) <0 at 6 =1— u, by concavity of Ez[II.(0,2)], 0" <1— pu.

90™ (t(€))
e

To prove % > 0, we first analyze , where t = 397, then apply the chain rule. We calculate that 0" (t(¢)) =

—32/3 (u+3t)2 4 %WQY(H+3t)+3(3t+1)WY27 where W — 3/\[\/ (L1302 + 2731+ 1)2 —9(3t+ 1), Y — /¥ 31 Taking

3W (u+3t)2/3 )
ow(r) _ B(utdt=sw?) .o 20 (1) _ Hy (W)
ot T w2(27t+W3+49) T WA (u+31)2/3(27t+ W3 +9)

(V3y/(n+3t)2+27(3t +1)2)® — (9(3t + 1))> > 0, W and accordingly, 27¢ + VV3 + 9 are positive. Therefore, 0{;(15) <
0« Hi(W) <0, where Hy (W) is given by —4 3%3(W?3)2(u + 3t) + 2/3(W3)2 ¢+ 3tW?2 + 9(W3)2(u + 3t)*/°W —
9 3%/3(W3) (415t +4) (+ 3t) + 9/3(W3) (—p+ 3t +2) /pu + 3EW?2 +81(W3) (3t + 1) (u+ 3t) 23 W 43 3%/3(u+3t) +
3Y/3(u+3t)"/*W?2. Plugging W* = v/3/(u+3t)2 +27(3t + 1)2 — 9(3t + 1) into H; (W) results in a convex quadratic

its derivative with respect to ¢ and plugging in yiel Since

function in W. Since it can be verified that the intercept of Hi(x) is negative, its smaller zero is negative. Therefore,
to prove H1 (W) <0, it suffices to show that W is always smaller than the larger zero, denoted by z2.

Next, we calculate that W32 — z5 = %ﬁ\/ﬁ?’, where Fi, F>, F3 > 0 and Rs is given by (u +
3t)*/3 (1u(24 — 5p) + 1764¢% +42(pu + 27)t + 177) (1 + 495t + 6t (1 — 3v/3v/Ra + 54) — 6v/3v/Ra +54), where Ry =
u? 4 6ut + 18t(14t 4 9) + 27. Therefore, W < x2 < L1 = F§ — F# - R3 < 0. L1 can be re-arranged into F5 — Fsv/Ra,
where F5, Fs > 0. As a result, W < z is further equivalent to Lo = (F5) — Ry - (F ) < 0. Since Ly = —31104(p —
1) (1 + 3t) 8 (5 + 63 + 16)2 (— (1 — 3)pu + 12662 + 3(pu + 27)¢ + 12)° (1 + 252> + 6(pu + 27)¢ 4 27) <0, W < 2; thus,

Hi(W) <0 and 99 (t> < 0. Lastly, by the chain rule, 06~ (t( ) — 99 <t< ) . a(€> = % (if#")e > 0.
ars (e) ars (e) —30«(1—9*—;/,)(604<7+(e +3)(1—6"+1))-(80% /9e)+6a (0% —1)e(0” +p— 1)2

o~ 4(3a0—60% (2+3)+e2+3)° We

denote the numerator by F7 and it suffices to show that F7 < 0. Since 6" < 1 — p as established earlier in this proof,

2(1—60%)e(1—0"—p)
(e243)(1—0* +p)+6ac
fraction on the right-hand side is negative as 0* <1 — p, while 2 “>0. O

Finally, we show that —%-— < 0.

F~ is linear and decreasing in @. Hence, F7 <0 if and only if @ > — , which holds because the

Proof of Proposition 3. To compare the equilibrium income in the two models, we first calculate that I't, — I'7, =

2(e2+3)2/(974/3 (\/3\/T2+2779)2/3> My (W)
4(6t+1)2 (e24+3)% ((1-6%)(2+3)+38) ’

M, (W1) function is defined by —3+/37%(1 — 2v)? — 32/372/3(1 — 20)2(Wh)* = 3/3(W1)? (27 + (1(7 4+ 6) + 1) (v — 1)v) —

37431 —20)2(W1)2 +3 323723 W (27 + (7(7 + 6) + 1) (v — 1)v) where W1 = v/ V3V72 +27 -9, 7 =u/v, u=3t + p,
v=3t+1,t=08/(3+¢%), and B =aoc. We analyze F(3,-) in four steps:
e Because 0" < 1 by concavity and first order conditions, we have F(3,-) <0< M; (W) <0.

he

a-F(a-o0,-). Letting 8 = ao, the F function is formulated as F(3,-) =

e The function M;(z) is quartic and has four zeros. Since it can be shown that the two smallest zeros of M (z)
are negative, we only need to compare Wi with the two larger zeros, which we denote by xo < z1. Since the leading
coefficient of M (z) is negative, we have M;(W1) <0 if and only if W1 <zo or Wi > z1.

e We then compare W with xo. The comparison between zo and Wj involves two sub-steps.

— First, we calculate that (W7)® — (x0)® = %, where Ry = 247(41@2_;))42”2 + 24((11’:213;;2 + 2472/(31(“21)1))1"/7 +
4875/3(?(1%21);;1)\/?2 + 2478/(31(1)211))2”\/?2 + 9673 (v (11)j(2?;()v4 Dutl) 4 2 ((1 92U . - 3§v)2 +73) n 967(1171()11;7(357;4 Do+1)
4/3 ,and Ry = = D2 (o= l)v(f;;zr(;gm)“)(“ D) Both R and Rs are positive because v = 3t+1=33/(3+¢€>)+1 > 1.
Since Dy and D; can be shown to be positive, Wi < zg < (Do)2 — (D1)2 -R; <0. (Do)2 — (D1)2 - R1 can be simplified
into Dy - v/Rz — D3, where Dy and D3 can be shown to be positive. Hence, W) < o < L = (D2)2 - Ry — (D3)2 <0
—Second, we show that L can be rearranged as Dy - (7 — 1)27'6(1 — 21})18 (ﬁm— 9)2 - D5, where Dy is a
positive constant. Hence, L <0< D5 < 0. Next, we substitute the values of 7, u, v, and ¢ into Ds, simplify, and obtain
D5 = (3+€2)8<ff;§)(3+62))2. Comparing coefficients, Ms(8) = (3 + €?)3f (51@2 ), where f is the polynomial defined in
the proof of Proposition 2. Since 3 + €2 >0, M, and f share the same sign structure, and by the argument in the
proof of Proposition 2, f has exactly one positive root t;. Hence M2(3) has exactly one positive root, tj = %,

and/a’gtﬁl<:>D5§0<:>L§0<:>W1 < xp.
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Combining the results from these two sub-steps, we conclude that W1 < z¢ < 0 < 3 < t}. Moreover, since t; does not
depend on ¢, t; increases in €.

e To ensure t} is the only threshold that defines whether M; (W) is positive or not, what remains is to check that
W1 <z for all 5. The comparison between Wi and z; is similar to that between Wi and z¢; the key difference is that
W1 — 1 shares the same sign as a polynomial M4 (), which is always negative. Therefore, W7 > x1 cannot occur.

Combining the above results, we conclude that F(3,-) <0< 0 < 3 <t}. This indicates that Ty, <T'} & 0< 8 < ty,

which proves Proposition 3 with the threshold #; (i, €) defined by ¢}, which increases in e. O

Proof of Lemma 3. Define A =) — . It can be shown that holding y fixed gives 9T5* /X =0T /JOA Vj € {C, L}.
Hence, it suffices to examine the sensitivity of the equilibrium income with respect to A.

We derive the equilibrium solution using backward induction, following the same procedure as in the proof of
Proposition 1, with the linear planting cost term —puy replaced by Ay. This yields y(s} (w) . Accordingly, we have

2 2

a“o(14+A) .

2 ) m Taklng the
> 0, thus arg)\(x) = BFSA(A) > 0.

_ A4w
- 20

w* (A) = % when € = 0. By plugging in w®*(A) and y&* (A), we can obtain T2*(A) =
S* 2
derivative of I'&*(A) with respect to A, we have argA(A) = 20‘(11(21;;\))2

2
To prove the second statement, we calculate that yé(@) = %, and accordingly, 6°* (A) =ac — (Ai,}#") +
5

BI;fB + 1 when € =0, where K5 = i/(A —ao)? (\/5\/(A —a0)?+27(ac +1)% —9a0 — 9). Next, we can further cal-

(32/%27 /72 (vay/rrezr-o) ( e (ﬁ\/mfg)w)f

culate T'5*(A) = —a(l + ao) f+(1), where fr(1) = ,and T =
12 ¥/3-2 (- V3 9/r2(V3y/r2+27-9) +\/§w/72+27—9>
i‘;;‘l\ (a function of A). To analyze the sign of %, we can analyze % instead. This is because
ory (M) dfz(r(A)) Ofz(r) or(A) _ _0f:(7) 1 9f=(7)
o L \A) _all GIT\TAR)) — . - _ (= I 5.
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We can further calculate that %@ <0< 7 < 10, where 7¢ is a constant approximately equal 0.1546. Let us define
B =ao and A = X — i, which is the upper bound on A resulting from Assumption 1. We then define t3 by the only real
solution of B to the function % =19. Since 7 increases in 3, for any § < t5, we have 7(8,A) < 7o. Since 7 decreases
in A, for any 8 < t3, there must exist a A < A such that 7(3,A) < 7o holds for all A > A. On the other hand, for any
B>ts, 7(8,A) > 7(t5,A) = 70. Since 7 decreases in A, we have 7(8,A) > 7(8,A) > 10, VA < A (which is equivalent to

A < X as previously defined). Defining A = A 4 u and t3 =t completes the proof. O

Proof of Proposition 4. We first prove Part 2(a), and then prove Part 1 and Part 2(b) together. Let 8 = ao.

Part 2(a): When A < pu, the subsidy does not fully offset the linear planting cost, so the farmer faces a net linear
planting cost of 1= — A. Since A >0, 0< p <1, and A < g, 1 € (0,1). Because Proposition 2 holds for any p in
(0,1), it applies here for p = fi. The result follows directly with t5(u, A\) =1 (@) = t1(u — A). Furthermore, it can be
verified that Proposition 2 extends continuously to =0, the boundary case A = pu follows by setting ji=u— A =0.
Thus, t5(u, 1) = t1(0). In addition, since Proposition 2 shows that ¢1(u) is strictly increasing in p, it follows that
ts(w, A) =t1(p— A) is strictly decreasing in A. This also implies that ¢5(u, A) < t5(u,0) =t1(p). Since it can be shown
that t(p, A) =0 when A < p, we have t5(u, \) € (£(u, ), t1(p)).

Part 1 and Part 2(b): Similar to the proof of Lemma 3, we analyze the comparison through the transformed

parameter A = A\ — p. Following the derivation in the proof of Proposition 2, we can derive that I'2* > s
is equivalent to g(B,A) > 0, where g(3,A) = —p%(28(8 + 1) + 1)A* + 2B8(B(B(4B(38 + 5) + 19) + 9) + 2)A® —
(B(B(3B(B(4B(TB 4 15) 4+ T9) + 64) + 97) + 28) + 4)A% + 23(B(B(B(4B(B(8B + 11) + 14) + 67) + 53) + 22) + 4)A —
52 (B (—4(B(168 +27) + 15)8% +36 + 14) 4+4) > 0. (This polynomial is exactly f(8,—A), where f(-) is defined in the
proof of Proposition 2.) We therefore characterize the sign of g(8,A) by analyzing its zeros in g for a given A. We

conduct a three-step analysis:
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Step 1: By Assumption 1, we focus on the case A < A =X — u. We first reparametrize g(3;A) as follows: Since A
depends on « - o = 3, we shall consider A as a function of 8. Since A(0") =0 and limg_, . A(8) = 1, the admissibility
condition 0 < A < A(B) implies that the relevant range of A is (0,1), which can be reparameterized through A(v) =
202 /(14 v). Since A(0) =0, A(1) =1, and A'(v) =2v(2+v)/(1+v)* >0 for v € (0,1), every A € (0,1) corresponds
to a unique v € (0,1). Then it remains to reparameterize §: For any admissible 8 > t(u, A) (see Proposition EC.4),

there exists a unique w > 0 such that 8 =t(u,\) +w. Under the reparametrization A =2v2/(1 4 v), the lower bound

202
1—v2

on B becomes t(u, \) = 202 /(1 — v?). Therefore, each admissible 8 corresponds one-to-one to 8 = +w, w>0.
Therefore, the analysis of g(8; ) can be equivalently conducted through the transformed polynomial Ti(w;v), where
w >0 is the new polynomial variable and v € (0,1) is the reparameterized coefficient variable.

Step 2: To analyze T} (w;v), note that it can be written as T2(w;v)/((1 — v)7(1 + v)®). Since the denominator
is strictly positive for v € (0,1), Th(w;v) and T>(w;v) have the same sign and, in particular, the same zeros in w.
We can write Ta(w;v) as >p_, ck(v)w®. We calculate that co(v),cs(v),cs(r), and ¢7(v) are strictly positive for all
v € (0,1). The remaining coefficients c1(v),c2(v),cs(v), and ca(v) each change sign exactly once on (0,1). Let v;
denote the corresponding sign-change cutoff for ¢;(v), i =1,2,3,4. Then ¢;(v) <0 for v <v; and ¢;(v) > 0 for v > v;,
with v4 <11 <3 <1ve. As v increases and crosses the ordered cutoffs, the signs of ¢4, 1, ¢3, c2 change from negative to
positive in that order. Together with co, cs, cg, c7 > 0, this implies that the coefficient sequence (co,...,cr) has exactly
two sign changes for v € (0,12), and no sign change for v € [v2,1). Hence, by Descartes’ rule of signs, T>(w;v) has
either no positive zero or two positive zeros for v € (0,12), and no positive zero for v € [v2,1).

To further characterize the number of positive zeros, we first identify the possible double zero of T(w;v). Such
a double zero must satisfy T>(w;v) =0 and 07Tz (w;v)/0w = 0. Solving this system over w >0 and v € (0,1) yields a
unique admissible solution, denoted by (w*,v*). Hence, T>(w; ™) has a double positive zero at w =w™, and no other
double positive zero exists. We next show that no positive zero exists for v > v*. At v =v™, the two positive zeros
merge into one double zero. For v € [v2, 1), we have shown that no positive zero exists by Descartes’ rule. Now consider
the intermediate region (v*,v2). If there were a positive zero for some v in this region, then Descartes’ rule would imply
that there must be two positive zeros. However, these two zeros would have to disappear before reaching v2, where no
positive zero exists. Since T>(0;v) > 0 and the leading coefficient of T3 is positive throughout (0, 1), the zeros cannot
disappear through the boundary w = 0 or through infinity. Hence, they would have to merge into another double zero
at some v € (v*,12), contradicting the uniqueness of (w*,v™). Therefore, no positive zero exists for any v > v*.

We then show that there are exactly two positive zeros for v € (0,v"). It can be verified that Tz (w*;v) <0 for
all v € (0,v%). In addition, T5(0;v) = co(v) > 0 and T>(w;v) — 00 as w — oo because the leading coefficient ¢7(v) is
positive. Hence, by continuity, 75(w;v) must have one positive zero in (0,w™) and another positive zero in (w*,00).
Since Descartes’ rule has already shown that T(w;v) has at most two positive zeros for v € (0,v2), it follows that
T>(w;v) has exactly two positive zeros, which we shall denote by w4(v) < ws(v) for every v € (0,v7).

Step 3: Finally, we recover the corresponding thresholds in the original variables. Specifically, we obtain t4(u, \)

and t5(u, \) from the two zeros wy and ws, respectively, and )\’ from the cutoff v* given p.

The sensitivity properties of the thresholds with respect to A\: We first introduce the following lemma.

LEMMA EC.1. When ao < t1(p), there exists a threshold N < X such that T3*(\) > T'2*(\) if and only if A € (0,\"].

The proofs of all lemmas and propositions in this e-companion are presented in the supplementary appendix
(link). Based on this lemma, we prove that the threshold ¢5(u, A) decreases in A by contradiction: assume there exists
A1 < Az such that t5(p, A1) <t5(p, A2). Then by the definition of ¢5(u, A) established previously in this proof, we know
that when ao = t5(, A2), D2*(A2) =T2*(A2), whereas I'2* (A1) <T&*(\1). However, the fact that T3*(Az) = 2" (\2)
implies that the threshold in Lemma EC.1 satisfies A > \2. Hence, according to Lemma EC.1, T7* (A1) > T'2"(\1)
should also hold since A1 < A2 < X", which contradicts 'z * (M) < rgr (A1) derived previously. Therefore, t5(u, \) must

strictly decrease in A. We use similar arguments to prove that t4(u, A) strictly increases in A. O
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EC.2. Supplementary Results

EC.2.1. Supplementary Analytical Results

We first provide an analytical characterization of the phenomenon illustrated in Figure 1 in §5.2 under contract
farming. The result is presented for the limiting case where u — 0.

PRrROPOSITION EC.1. In the contract farming model, assume ao < t§ () and p— 0. There exists a threshold t3(e) <
t$ (€) Ve € (0,1] such that if ao < tz(e), y& and T strictly increase in €.

We further present two analytical results to support the discussion of the impact of MCN’s promotion effort in §8.
Before doing so, we introduce the detailed model setup of the two promotion extensions of the rural livestreaming
model: let » > 1 denote the MCN’s promotion effort, under which consumer valuation of the product increases to
rv, and the MCN incurs a promotion cost §(r — 1) where § > 0. Accordingly, the MCN’s profit function becomes
Iy — 6(r —1)?, where I, is defined as in Equation (4) with p replaced by 2 to capture the increase in demand when
consumer valuation becomes higher. In the process-based promotion model, the MCN maximizes its profit by jointly
deciding r with the commission rate 6 in the first stage. In the product-based promotion model, the MCN decides r
while the farmers decide the retail price p simultaneously in the third stage. The rest of the model remains unchanged.

ProprosiTION EC.2. Assume e =0 and p— 0. In the process-based promotion model, the MCN’s promotion effort
and the farmers’ income in equilibrium decrease in the cost coefficient §.

Proposition EC.2 indicates that a lower promotion cost motivates the MCN to exert higher effort in process-based
promotion and thereby improves the farmers’ income. Interestingly, this intuitive result does not extend to product-
based promotion: a smaller promotion cost may result in higher product-based promotion effort from the MCN yet
lower income for the farmers. Although an analytical characterization of this phenomenon cannot be derived due to
the intractability of the product-based promotion model, the following proposition enables insights into its causes.

ProprosiTION EC.3. Assume € =0. In the product-based promotion model, the MCN’s optimal promotion effort in
the third stage increases in the farmers’ planting quantity y.

Proposition EC.3 shows the farmers can stimulate the MCN’s product-based promotion effort by planting more.

EC.2.2. Supplementary Figures
All figures presented in this e-companion are plotted based on = 0.02, except for Figure EC.1(b) where p=0.005.
Alternative yield distributions: Comparing Figure EC.1 with Figure 2 in §5.2 illustrates the results in §5.3.

1.000 00e2 0996
0869

g0t 0830

0602

a-o

a-a 0.498

0403
033

T =T . =T It =T
osas R v v o
0005 oos e 0001 0001
0.00 0.09 0.18 0.27 0.36 045 0.54 0.63 0.72 0.81 0.90 000 012 024 036 048 059 071 083 095 0.00 047 033 050 0.66 0.83 0.99 0.00 017 033 050 066 0.83 0.99
€ € € €
(a) Truncated normal (b) Two-point (¢) Uniform on [1—¢,1] (d) Uniform on [1,1+ €]
Figure EC.1 Income comparison between the two strategies under alternative yield distributions.

Comparison between the product-based promotion model and the base model: Figure EC.2 shows
that the farmers’ income may be lower in the product-based promotion model than in the base model. Figure EC.3
illustrates the comparative results between the process-based promotion model (superscript M) and product-based

promotion model (superscript W) discussed in §8.

EC.2.3. Alternative Planting Cost Functions
We re-examine our comparative study under labor cost functions of the form o - 4™, where m = 3,4. When the cost

incurred is o - y*, we first solve for farmers’ optimal planting quantity function by backward induction as a-G3(a?0,6),
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V(1-6)2+43a20(1—0—p)—(1-6)

where G3(a’0,0) = 3alc

obtain « - 0 - G3(a®0,0) - (1 — G3(a®0,0)). As a result, the equilibrium commission rate is a function of

Next, we plug it into the MOCN’s profit function and

oo, which we denote by 03(a?c). Lastly, let us consider the farmers’ income in 1
equilibrium in terms of G and 03, which equals «[(1—603)(1—G35(03))G3(03) —

(G3(03))* - a?o]. As for contract farming, we find that the farmers’ income in
ws—p)3/2 . er . ao
%, where w3 is the equilibrium wholesale price os oz

and is a function of o?c. Hence, the comparison between the farmers’ income

0.75

equilibrium equals « -

is determined by functions of o, and Proposition 2 continues to apply by 025

replacing ao in the condition by a?c. Based on a similar approach, we can

show that Proposition 2 also holds when the cost function is o - y*; in that 0 5 = 1‘ ~ s
case, we need to replace ao in the condition by o’c. Figure EC.2: Impact of product-

based promotion

EC.2.4. Characterization of \ in Assumption 1

ProrosiTiON EC.4. Assume e =0.
1. The upper bound S\iniin{A:wS*(A) =00r 0N =1} =p+ac— \/%
2. The condition A < X is equivalent to ao > t(u,A), where t(p,A) = 0 if X < p, and t(p,\) =
O=) (A=A +0)+/O=) = 48))
pryg vy if A>p.

When € >0, A cannot be characterized in closed form and is numerically determined in all of our experiments.

0.015

0.010-

0.005-

(a) 6V — ™M (b) gl — g (c) TI* —T}*

Figure EC.3 Equilibrium comparisons between the two promotion models (ao = 0.6, ¢ =0).

EC.2.5. The Impact of Demand Uncertainty

We examine the impact of increased demand uncertainty by comparing the nominal contract farming model
(without demand uncertainty) with a modified rural livestreaming model with demand uncertainty. To formu-
late the latter model, we assume that the MCN is able to reach a potential market of size « - X, where
X is uniformly distributed in [1 — 7,1 4+ 7] and 7 € [0,1]. We further assume that the demand is realized in
the retailing stage, and denote the realized demand by x. We modify the farmers’ income function and the

MCN’s profit function, formulated in

oool;f:s OOZ - Equations (3)-(4) in the paper, by replac-
000340 00120 ing a with « - x. To isolate the impact
Z::: oot of demand uncertainty, we focus on the
000325 00110 case with no yield uncertainty. Hence, the
000320 00105 farmers’ expected income and the MCN’s
M0 04z 0% 08 0% 09T oM om oz 0m 0% 06 0fg expected profit are calculated based on the

(a) a0 =0.122 (b) ao=0415 expectations over x, based on which the

Figure EC.4: Impact of demand uncertainty under rural livestreaming. planting quantity and commission rate are

determined. Due to analytical intractability, we analyze this extension based on a numerical study. We find that the

impact of demand uncertainty is similar to that of yield uncertainty. When «o is large, demand uncertainty reduces
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the farmers’ income, paralleling Proposition 3. However, when ao is small, demand uncertainty could improve the
farmers’ income, paralleling the observation made in §5.2. Figure EC.4 illustrates this set of findings. Nevertheless, the
former impact is generally predominant, as is the case for yield uncertainty. Consequently, we observe that Proposition
2 continues to hold, yet increased demand uncertainty under rural livestreaming is likely to leave it a less preferable

strategy for income generation for the farmers compared to contract farming.

EC.3. Extensions
EC.3.1. Dual-Channel Market Access Strategy
In this extension, we examine the implications of introducing dual channels of market access for improving the farmers’
income. We analyze a setting where the local government introduces both contract farming and rural livestreaming
programs to the farmers. The government organizes planting among the farmers—as it is assumed in the main
model—as well as facilitates the allocation of the yield among the two channels. This allocation decision can be made
at different times, particularly, before and after the contracts are offered. We examine each scenario in this extension
through an extensive numerical study, focusing on the case without yield uncertainty to isolate the effects.
EC.3.1.1. Pre-contract Allocation. This scenario occurs when intermediaries request information
regarding the scope of participation in their corresponding programs before offering contracts. This is likely to be
observed when the farmers lack power and the leverage to influence contracts. We model a sequence of events as
follows: In the first stage, the farmers decide the proportion 7 € [0, 1] of the planting quantity—and correspondingly,
of the realized yield—to allocate to rural livestreaming. The remaining 1 — 7 proportion will be supplied to the buyer
under contract farming. A practical interpretation of this decision is that the government determines the proportion
of farmers participating in each program, which, under the assumption of farmer homogeneity, also determines the
share of the aggregate planting quantity allocated to each program. In the second stage, the buyer and the MCN
simultaneously determine the wholesale price w and the commission rate 6 applied to the yield from their allocated
portion of the planting quantity, respectively. In the third stage, the farmers decide the total planting quantity y to
maximize the sum of their expected income from the two channels. In the fourth stage, the buyer and the farmers
decide the retail price for the portion of the yield to be sold through contract farming and rural livestreaming,
respectively. For simplicity, we assume that the markets that the buyer and the MCN have access to do not overlap.
Essentially, we examine how the farmers may benefit assuming the highest market access potential of dual channels.
We apply backward induction to solve the dual-channel model. One complexity is that because the farmers’ optimal
planting quantity depends on their income from both channels, it is a function of the wholesale price w and the
commission rate #. Plugging this optimal planting quantity into the buyer and the MCN’s profit functions in the
second stage leads to a non-cooperative game, where their profits depend on each other’s decisions. We address this
complexity by analyzing the Nash equilibrium of the (w,f) outcome in the second stage. In case multiple equilibria
exist, we focus on the equilibrium that leads to the lowest income for the farmers to provide a conservative estimate
of how much the farmers can benefit without power to influence contracts. Additional analyses show that the insights

are structurally robust if an alternative equilibrium (e.g., one with the highest income for the farmers) is chosen.
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Figure EC.5 Equilibrium solution under pre-contract yield allocation
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We first analyze how the intermediaries respond to the proportion of the yield allocated to them. Figure EC.5(a)
and (b) illustrate the equilibrium commission rate and wholesale price with respect to 7. The two figures exhibit
similar patterns: The intermediaries first retain the entire sales revenue (via € =1 or w =0) when allocated a very
low proportion of the yield. They then either reduce € or increase w to share more revenue with the farmers as
their yield proportions increase. However, when their yield proportion is sufficiently large, the intermediaries would
reverse the course of action and share less revenue with the farmers. This equilibrium outcome illustrates the tradeoff
between two strategic considerations that influence the intermediaries’ decision. On the one hand, they have an
incentive to share more to encourage planting. On the other hand, because the total planting quantity depends on
both contracts, the intermediaries also have an incentive to free ride on each other’s revenue-sharing efforts and share
less themselves. It can be observed that the free riding incentive prevails for the intermediary that receives a small
yield proportion. Meanwhile, free riding can cause the other intermediary to scale back its revenue share with the
farmers in equilibrium, which explains the decrease in w or increase in # when the buyer or the MCN receives a
sufficiently large yield proportion. Nevertheless, when the yield proportion is intermediate, the incentive to encourage
planting takes precedence, resulting in increased revenue shares from both intermediaries with the farmers.

Despite the similarities in the intermediaries’ contract decisions, we observe that the buyer always shares more with
the farmers than the MCN, given the same yield proportion. Figure EC.5(¢c) illustrates this finding by comparing the
percentage of the retail price that the farmers obtain under contract farming (i.e., w/p) and under rural livestreaming
(i.e., 1 —0) in equilibrium as functions of the yield proportion received by the buyer and the MCN, respectively. The
root cause of this result is that the MCN tends to have more incentives to free ride, because the wholesale price
contract is a more effective tool to motivate the farmers to plant (as demonstrated by Proposition 1 in the paper).
Because of this, we find that the farmers tend to favor contract farming and allocate a larger proportion of the yield to
the buyer in the majority of the cases (see Figure EC.5(d)). In the extreme case where o becomes sufficiently high,
it may become optimal for the farmers to adopt only contract farming to eliminate free riding incentives between the
intermediaries. The only exception is when o is intermediate; in that case, the farmers may adopt rural livestreaming
only. Additional analyses show that such cases are more likely to arise as the unit input cost p increases; when p — 0,
that region disappears. This is because a larger p amplifies rural livestreaming’s income advantage as demonstrated
by Proposition 2. Nevertheless, the fact that the farmers may prefer to adopt one form of market access suggests that
a single channel may perform better than dual channels, even assuming the highest market access potential of dual

channels (i.e., no overlap between the consumer markets accessible by the single channels).

EC.3.1.2. Post-contract allocation. We analyze another scenario where the farmers can request con-
tracts from the intermediaries and then decide how to allocate the yield among them. This scenario may arise when
the farmers’ power improves, because basing the yield allocation on contracts introduces competition between the
intermediaries and enhances the farmers’ market position. We change the sequence of events by letting the farmers
decide the allocation n alongside the planting quantity y based on the (w, ) decisions of the intermediaries. Equi-
librium analysis shows that injecting competition for the yield is likely to increase the intermediaries’ incentives to
share revenue with the farmers and accordingly, improve the farmers’ income. Furthermore, the competition effects
outweigh the free riding effect previously discussed under pre-contract allocation. Consequently, it is optimal for the
farmers to utilize both channels. Nevertheless, the impact of free riding persists, and the farmers may continue to
prefer contract farming to rural livestreaming, especially as the market size increases. We refer readers to Figure

EC.11 in the supplementary appendix (link) for an illustration of these results.

EC.3.2. Quantity Cap under Contract Farming
In this extension, we examine an alternative contract farming model where in the first stage, the buyer determines

both a wholesale price w and a cap k, which represents the maximum amount of total yield it procures after harvest.
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The key observation is that under the uniform yield distribution considered in the main model, it is optimal for the
buyer not to utilize a quantity cap in the contract. This is because a quantity cap may only benefit the buyer when (i)
undersupply predominates, as the cap reduces quantity mildly and can be effectively managed to adjust the farmers’
planting quantity, or (ii) oversupply predominates, as it benefits the buyer to slash the planting quantity. Under a
uniform distribution where the probability of undersupply equals oversupply, neither benefit manifests, and thus it is
optimal to forgo the option to introduce a quantity cap. We note that this result shares a similar spirit with empirical
evidence that contract farming implementations with additional provisions do not significantly outperform the plain-
vanilla ones where only the wholesale price is involved (e.g., Arouna et al. 2021). Accordingly, we conclude that the
option of incorporating a quantity cap under contract farming does not affect our results in the paper under the
uniform distribution on [1 —¢, 1+ €]. Nevertheless, under distributions where a quantity cap does appear in the optimal
contract, introducing a quantity cap can harm the farmers’ income, and consequently, rural livestreaming may become
a more preferred approach for income generation for the farmers. However, extensive numerical analyses suggest that

the comparison between rural livestreaming and contract farming remains structurally robust in such cases.

EC.3.3. Contract Negotiation
In this extension, we examine how our results may change if the farmers could influence the contracts through

negotiation. We introduce a Nash bargaining model in the first stage where the contract decisions are negotiated.

11—k

Contract farming: max,>o (f[c (w))ki - (fc(w)) s.t. He(w) > 0,T¢(w) > 0. (EC.7)

11—k

Rural livestreaming: maXo<e<i (ﬁL (0))K . (f‘L (0)) s.t. TIL(0) >0,T'1(0) > 0. (EC.8)

In (EC.7), which pertains to the contract farming model, the function f[c(w) denotes the buyer’s expected profit with

its optimal retail price decision in the third stage of the game taken into account. Similarly, the function f‘c(w) denotes

the farmers’ expected income under its optimal planting quantity decision. The functions I and I'y in (EC.8) are

defined in the same way based on the rural livestreaming model. The parameters x (which is between 0 and 1) and 1 —x

capture the bargaining power of the intermediaries and the farmers, respectively. We denote the farmers’ expected
Nx

income in equilibrium in this extension by I'S* and I'Y* under contract farming and rural livestreaming, respectively.

Extensive numerical analysis indicates

that all else being equal, the parametric
The boundary of the
region where [V > TY*

‘P hene=09. region where the farmers’ income is higher
under rural livestreaming than contract

farming becomes larger as the farmers’

4 The boundary of the\_**,

region where *

" > 1Y when
€e=0.

bargaining power increases (see Figure

............ EC.6(a)). To understand this observation,

L o e e s note that the farmers’ income depends on
(a) e=0 (b) e=0 versus e=0.9. the total revenue from the market sales
Figure EC.6: Farmers’ income comparison under negotiation. of their products as well as their share of
that revenue. When the farmers are oblivious to market sales, such as under contract farming, they may blindly
negotiate for a higher share (via a higher wholesale price) without realizing that it may hurt the total revenue (as
a higher wholesale price leads to a higher quantity which drives down the retail price). By contrast, farmers who
are more informed about such market dynamics due to direct market access, such as under rural livestreaming, can
better balance between the total revenue and their share in negotiation and therefore more effectively increase their
income. This advantage is strengthened as the farmers’ bargaining power increases. In other words, direct market

access and enhanced power for the farmers are complementary in improving their income. We also find that such

complementarity appears stronger when the farmers are subject to yield uncertainty, as illustrated by Figure EC.6(b).
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We further analyze the impact of subsidies. We denote the farmers’ expected income in equilibrium in this extension

ry 5% and T'Y5* It can be observed that the region where I'Y* decreases in A becomes smaller as

under subsidies by
 decreases (see Figure EC.7). This suggests that increased bargaining power of the farmers can also mitigate or even
rectify the negative joint impact of direct market access and subsidies as shown in §6. This is because that negative
impact is derived from the MCN’s strong incentive to increase the commission rate under subsidies. The farmers’
ability to negotiate limits the MCN’s power to do so. As such, rural livestreaming is more likely to lead to higher

income for the farmers in the presence of subsidy (see Figure EC.8).
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Figure EC.7  Sensitivity of TV °* with respect to )\ assuming ¢ = 0.
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Figure EC.8 Farmers’ income comparison under subsidy in the negotiation model assuming ¢ = 0.

EC.3.4. Farmer Competition and Heterogeneity
In this extension, we consider heterogeneous farmers who make their individual planting decisions. We use the
superscript “H” to denote key notation of this model. We consider a unit mass of infinitesimally small farmers with
varying planting capability u that is assumed to be uniformly distributed in [1 — h, 1+ h]. Farmers with capability u
achieve a unit yield of w - Z from their crops. For a focused study, we ignore yield uncertainty in this extension.
Contract farming: Given the wholesale price w, the expected income of a farmer with planting capability u
in the second stage can be formulated by I'é (y|w,u) = Ez[w- (y- Z -u) — p -y — o - ¥*]. Accordingly, their optimal
planting quantity decision is yg (w,u) = argmax,>o I'& (y|w,u). The total number of units planted by the farmers
equals Yo (w) = || 1+: & (w,u) - u - ﬁ du. In the third stage, the buyer decides the retail price based on the total
quantity, hence, its profit function can be formulated by replacing yc(w) with Yo (w) in Equation (2) in §3.1.
Rural livestreaming: Given the commission rate 6, each farmer obtains a (1 — 6) share of the retail price for
every unit of his products sold. We make an additional assumption that when the demand is smaller than supply in
the retailing stage, that demand is proportionally distributed among the farmers based on the percentages of the total

3

supply that they contribute, i.e., YL (9) - = %, where Y7,(0) denotes the total number of units planted by the farmers

under rural livestreaming. Therefore, in the second stage, the expected income of a farmer with planting capability
u equa'ls Flg(y|97 u, YL(G)) =Ez |:(1 - 9) ‘PL (07 Yo (6)7 Z) Il’lll’l{y u- Z7 Y (9) : (1 _pL(07 Yi (9)7 Z))] —HYy—0o- y2.
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Note that an individual farmer’s income now depends on the total output. Following Tang et al. (2024), we adopt
the rational expectations equilibrium (REE) framework. Specifically, we assume that the farmers have formed an
expectation (for example, from historical data) about Y7 (f) and each farmer would decide their planting quan-
tity based on such an expectation. Hence, their optimal planting quantity can be formulated as y# (0,u,YL(0)) =
argmax, o T'#(y|6,u, Y£.(0)). An REE is achieved when fllj: yr (0,u,Y1(0)) - u- 5 du=Y7(0). In the third stage, each
farmer decides the retail price of their own yield. Because the demand is assumed to be proportioned among the farm-
ers based on their yield, individual farmers’ income functions in the third stage are proportional to each other, and thus
their optimal prices are the same as the price that maximizes their total income given the total output, reflecting quan-
tity competition. We also modify the MCN’s profit function in Equation (4) of the paper by replacing y with Yz(0).

We derive two analytical results that illustrate the impact of farmer competition and heterogeneity.

ProprosiTiON EC.5. In the farmer competition and heterogeneity extension, the planting quantity and expected
income of each farmer in equilibrium are identical in the livestreaming and contract farming models.

Proposition EC.5 shows that the equilibrium solutions under contract farming and rural livestreaming become
identical in the extended models. This is because under quantity competition, the farmers become price takers and
can no longer strategically manage retail price even with direct market access. However, this may not necessarily hurt
the farmers because as previously shown, indirect market access can benefit the farmers due to lessened exploitation.
This extension shows that letting the farmers compete under direct market access can have similar effects.

ProproSITION EC.6. The total planting quantity in equilibrium under either strategy increases in h.

Proposition EC.6 shows that a higher degree of heterogeneity in farmers’ production capabilities increases the total
output in equilibrium. This results in similar incentives for the buyer or the MCN as those explained in §4: the inter-
mediaries have less/more incentives to share revenue with the farmers to motivate planting, which decreases/increases
the farmers’ overall income when the market size or planting cost is small/large. Overall, the insight is that increased
heterogeneity among the farmers may improve or harm their total income under either strategy. Figure EC.9 illustrates
this finding, where I'2 and I'¥ denote the farmers’ total income under the two strategies in the extended model.

Our results in this extension provide two practical insights. First, while
competition between smallholder farmers that grow the same product is

generally believed to reduce their income, we show that the opposite may

occur. Hence, coordination of farmers’ planting efforts that aims to improve
a-o

o4 their welfare may not always achieve the intended goals. Second, programs

4 and T
increases in h
02

T£" and T{" decreases in h aiming to improve smallholder farmers’ planting capabilities are widely

observed. Some focus on introducing advanced technology—often to a small
h

e S number of farmers to begin with—and may increase farmer heterogeneity,

Figure EC.9: Income comparison. while others target farmers who lag behind in the local region to help them
catch up and may reduce heterogeneity. Our analysis suggests that which type of focus is more beneficial to the

farmers depends on the market and operating characteristics of their crops.

EC.4. Case Study

For a relevant study, we focus on Western China, which is a less developed area of the country and where smallholder
farmers’ income heavily depends on local specialty crops. In 2020, the Chinese government published a list of specialty
crops from 52 underdeveloped areas, most of which are located in the west of the country (source link). Based on data
availability and reliability, we chose eight specialty crops with different features from the list, and added one more
(Longsheng Sticky Rice) to enrich our sample. Note that these specialty crops are often grown in a geographically
extensive region. For a more focused study, for each specialty crop, we picked a representative village where the
farmers reportedly cultivate that crop differently (and typically in ways that better preserve the natural appeal of the

crops) from farmers in the rest of the region where the crop is grown. For example, Longsheng Sticky Rice is cultivated
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with traditional farming methods on terraced fields in Diling, Guangxi (source link). In other words, these are
villages where premium versions of the specialty crops considered are grown, which provides a fitting context for our
study. Figure EC.10 shows the geolocations of the villages. We collected the following data for each crop considered.
Unit yield: The unit yield is estimated to be 1.6

ton/mu for Yuexi Apple grown in Datun (source link),

g v e 0.65 ton/mu for Semaiti Apricot grown in Yuqarqi

L 2
G N Tesek (source link), 2 ton/mu for Yutian Grape grown

in Yingkulebaishi (source link), 0.4 ton/mu for Nay-

hore (Amitsar
Chengdu Nanchong Yichang { Wihan

5 &miwﬁe s ong Agate Cherry grown in Taoying (source link), 0.5

'
Shangsha ©

VRS e T Qe Neket i ton/mu for Pingbian Lychee grown in Liyuan,” 0.5

g, Guizhou

ton/mu for Piyaman Pomegranate grown in Lan-

gankule (source link), 0.5 ton/mu for Yuanyang Red

Rice grown in Guoli (source link), 1 ton/mu for

Figure EC.10: Geolocations of the sampled villages. Bapan Pear grown in Shangping (source link), and 0.3
ton/mu for Longsheng Sticky Rice grown in Diling (source link).

Consumer valuation: We use the highest reported market price as a proxy for the maximum consumer valuation
(i.e., willingness to pay) for each specialty crop. Most of the specialty crops are priced at twice the price of their
commodity counterparts; for some, the market price reaches three to four times that of the commodity counterparts.
Specifically, Yuexi Apple is priced at 15 yuan/kg (source link) versus 5 yuan/kg of regular apple (source link); Semaiti
Apricot is priced at 30 yuan/kg (source link) versus 15 yuan/kg of regular apricot (source link); Yutian Grape is
priced at 20 yuan/kg (source link) versus 10 yuan/kg of regular grape (source link); Nayong Agate Cherry is priced
at 60 yuan/kg versus 20 yuan/kg of regular cherry (source link); Pingbian Lychee is priced at 60 yuan/kg (source
link) versus 30 yuan/kg of regular lychee (source link); Piyaman Pomegranate is priced at 30 yuan/kg (source link)
versus 20 yuan/kg of regular pomegranate (source link); Bapan Pear is priced at 20 yuan/kg (source link) versus
5 yuan/kg of regular pear (source link); Longsheng Sticky Rice and Yuanyang Red Rice are priced at 20 yuan/kg
(source link) and 25 yuan/kg (source link), respectively, whereas regular rice is priced at 5 yuan/kg (source link).

Planting cost: For each specialty crop, we estimate the unit input cost p and the labor cost coefficient o in
two steps. First, we estimate the total unit planting cost as the average unit planting cost of the corresponding
commodity product, multiplied by the price ratio between the specialty crop and its commodity counterpart. The
rationale is that consumers’ willingness to pay a premium for specialty crops reflects both the higher quality of
inputs and the additional effort invested in the planting process (e.g., manual weeding), which together constitute
the principal source of the value added relative to the commodity counterpart; the price ratio therefore serves as
a proxy for the proportional increase in planting cost. Second, we allocate the total unit planting cost between the
two cost components in a 1: 2 ratio, reflecting empirical evidence that labor accounts for roughly two-thirds of the
unit planting cost for labor-intensive specialty crops in smallholder settings.'® Accordingly, u is set so that linear
input expenditures equal one-third of the total unit planting cost, while o is set so that the quadratic labor cost,
evaluated at the current village-level planting quantity, equals the remaining two-thirds; that is, o is obtained by
dividing two-thirds of the total unit planting cost by the current village-level planting quantity. A similar approach
is adopted in Alizamir et al. (2019) for evaluating the quadratic planting cost coefficient.

Implementing the above calibration procedure requires two sets of data for each specialty crop:

e Average planting cost: 1500 yuan/mu for apple (source link), 3000 yuan/mu for grapes (source link), 250

yuan/mu for cherry (source link), 1000 yuan/mu for lychee (source link), and 500 yuan/mu for rice (source link).

% We take the average between two yield estimates (source link 1 and source link 2) to accommodate growth variation of lychee.

10 Oduor B (2025). https://eagmark.net/news/how-to-calculate-farm-cost-of-production.
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We use the planting cost for apple to approximate that for pear, and the planting cost for peach, which is about 500
yuan/mu (source link), to approximate that for pomegranate and apricot, given their similar planting requirements.

e Current planting quantities: 6,000 mu of Yuexi Apple grown in Datun (source link), 1,500 mu of Semaiti
Apricot grown in Yuqarqgi Tesek (source link), 1,800 mu of Yutian Grape grown in Yingkulebaishi (source link),
4,800 mu of Nayong Agate Cherry grown in Taoying (source link), 4,000 mu of Pingbian Lychee grown in Liyuan
(source link), 4,250 mu of Piyaman Pomegranate grown in Langankule (source link), 750 mu of Yuanyang Red Rice
grown in Guoli (source link), 450 mu of Bapan Pear grown in Shangping (source link), and 400 mu of Longsheng
Sticky Rice grown in Diling (source link).

Market size: The detailed demand statistics for the sampled specialty crops are not readily available. Hence, we
resort to the total output data of the specialty crops (i.e., the total amount grown not only in the village selected
but also in other areas) as a proxy for their market sizes. Accordingly, we estimated that the market size is 300
kilotonne for Yuexi Apple (source link), 200 kilotonne for Semaiti Apricot (source link), 120 kilotonne for Yutian
Grape (source link), 12 kilotonne for Nayong Agate Cherry (source link), 12 kilotonne for Pingbian Lychee (source
link), 10.57 kilotonne for Piyaman Pomegranate (source link), 10 kilotonne for Yuanyang Red Rice (source link), 4.5
kilotonne for Bapan Pear (source link), and 1.8 kilotonne for Longsheng Sticky Rice (source link).

Calibration: To ensure the validity of our estimation approach, we crosschecked the equilibrium planting quantity
calculated from our model based on the estimated numbers (see Columns 2 and 4 in Table EC.3 in the supplemen-
tary appendix (link)) against the reported planting quantities (see the “Current planting quantities” paragraph).
Overall, the two sets of values are well aligned for five of the nine specialty crops. For the remaining four crops, the
discrepancies observed for Yuexi Apple, Semaiti Apricot, and Yutian Grape are intuitive: these products correspond
to specialty crops with the largest market sizes, for which the equilibrium quantity predicted by our model reflects
the production scale that would be reached once supply has fully responded to demand. The reported quantities,
in contrast, capture a snapshot of current production, which, for high-demand specialty crops, typically lags behind
their long-run equilibrium. As for Nayong Agate Cherry, a substantial increase in the planting quantity has been
reported since the list of specialty crops was published (source link).

Overview of existing market access programs: We surveyed the existing government-led market access
programs for the sample products. Most of these programs are organized at the county level. Established programs
rely on indirect approaches—we observe a clear presence of contract farming in a number of counties, such as Yengisar
County (where Semaiti Apricot is cultivated, source link), Yutian County (source link), Yuexi County (source link),
Pingbian County (source link), and Longsheng County (source link). More recent market expansion efforts are largely
based on rural livestreaming initiatives, and we observe varying levels of adoption of livestreaming across the nine
sample products. In some counties (e.g., Pishan County, where Piyaman Pomegranate is cultivated, and Yuanyang
County), rural livestreaming initiatives have received strong government support and are rapidly becoming a dominant
market access strategy for their specialty crops (source link 1 and source link 2). Some counties are experimenting
with small-scale pilot projects of rural livestreaming. This is particularly the case for counties that have mature
contract farming programs in place, including Yengisar County, Yutian County, Yuexi County, Pingbian County and
Longsheng County (see source link 1, source link 2, source link 3, source link 4) for rural livestreaming activities in
these counties). For Nayong County and Xihe County (where Bapan Pear is cultivated), we observe a rising adoption

of rural livestreaming, alongside an expansion of contract farming programs (source link 1 and source link 2).

EC.4.1. Additional Results

We provide detailed results regarding the impact of yield uncertainty and subsidy to complement those presented in
§7. First, we examine the impact of yield uncertainty based on the uniform distribution on [1 —€,1+ ¢€]. We find that
the performance comparison remains unchanged for e € [0.1,0.9], although the income difference increases (see Tables

EC.3-EC.7 in the supplementary appendix (link)).
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However, when factoring in the potential variation in planting costs, nuanced results can be observed for Pingbian
Lychee. Specifically, when the labor cost increases by 90%, the farmers’ income is higher under contract farming
without yield uncertainty; however, with a yield uncertainty of 30%,*! the result would reverse, i.e., rural livestream-
ing would outperform contract farming in improving the farmers’ income (see Columns 3-5 of Table EC.1 for the
changes). We also consider yield distributions that skew toward yield increase or decrease. For example, when the
yield uncertainty follows a uniform distribution on [0.1, 1], contract farming would outperform rural livestreaming in
improving the income for farmers cultivating Pingbian Lychee (see Column 7 of Table EC.1).

Table EC.1  Performance comparison under different yield uncertainty (¢) and labor costs (o) setups.

Strategy with the higher income

Product [1—¢1+¢ [1—¢1]
€e=0.3 ‘ c190%,e=0 0190%,e=0.2 0190%,e=0.3 €=0.3 €e=0.9

Yuexi Apple CF CF CF CF CF CF
Semaiti Apricot CF CF CF CF CF CF
Yutian Grape CF CF CF CF CF CF
Nayong Agate Cherry RL RL RL RL RL RL
Pingbian Lychee RL CF CF RL RL CF
Piyaman Pomegranate RL RL RL RL RL RL
Yuanyang Red Rice CF CF CF CF CF CF
Bapan Pear CF CF CF CF CF CF
Longsheng Sticky Rice CF CF CF CF CF CF

Finally, we examine how government subsidies affect the performance of the two models. We find that under a
regular input subsidy (e.g., 200 yuan/mu), the performance comparison between the two models remains unchanged
unless the planting cost, particularly the labor cost component, increases by 90% or more relative to the baseline (see
Column 3 of Table EC.2). However, when incorporating the GAP subsidy (e.g., 2,000 yuan/mu), contract farming
may outperform rural livestreaming under a broader range of parametric settings, with the specific patterns varying
across crops. For Piyaman Pomegranate, contract farming yields higher farmer income than rural livestreaming even
at the nominal planting cost. For Pingbian Lychee, contract farming becomes the more favorable model once the labor
cost rises by 30% or more. For Nayong Agate Cherry, the comparison is non-monotonic: under the nominal planting
cost, contract farming outperforms rural livestreaming; when the labor cost increases by 20%, rural livestreaming
yields higher farmer income than contract farming; once the labor cost increases by more than 90%, contract farming
outperforms livestreaming again (see Columns 4-7 of Table EC.2). The detailed performance data related to Tables

EC.1 and EC.2 (as well as Table 1 in §7 of the paper) are presented in the supplementary appendix (link).

Table EC.2  Performance comparison with subsidies under different planting costs (o).

Strategy with the higher income

Product 200 yuan/mu 2,000 yuan/mu
o o 190% o o 120% o 130% o 190%

Yuexi Apple CF CF CF CF CF CF
Semaiti Apricot CF CF CF CF CF CF
Yutian Grape CF CF CF CF CF CF
Nayong Agate Cherry RL RL CF RL RL CF
Pingbian Lychee RL CF RL RL CF CF
Piyaman Pomegranate RL RL CF CF CF CF
Yuanyang Red Rice CF CF CF CF CF CF
Bapan Pear CF CF CF CF CF CF
Longsheng Sticky Rice CF CF CF CF CF CF

1 The yield uncertainty for lychee can be as high as 50% in practice (source link).
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