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Online Appendix

O.1. Analytical Details on Model Extensions
0.1.1. Preemptive EMA When Farms are Averse to Quality Uncertainty

To model this extension, we subtract a penalty, AE[I{n; >ym}], from the farm’s expected payoff function formulated in §3.1. This
penalty captures the farm’s aversion to producing too many low-quality units, which can threaten the livelihood of his family. The
next two theorems characterize farms’ equilibrium adulteration behavior under perfect and imperfect testing when they are averse

to quality uncertainty.

THEOREM O.1. For preemptive EMA with perfect testing and farms aversive to quality uncertainty, the total number of adulter-
ating farms in any NE of the game is characterized by nFA" = min {n, [T?4 — 1]}, where

_ 2t = L) (pp™ = p™) + (V/m) (F(y,m, pp™=) — F(y,m,pi™))
- cqt

TRA

)

and F(y,m,h(z))=1— [ f(z,m, h(z))dz. We have the following three cases.

(i) If TRA <1, then no farm adulterates.
(i1) If TEA >n, then all farms adulterate.
(ii5) If TR4 € (1,n], then any subset of nEA™ farms adulterating while the rest (n — nEA") farms not adulterating constitutes a

NE of the game.

(1—2h(z))+h(x)
(ri — 1) + Af (ym, m, h(z)) (v%(m)(l_h(m)) )
cq(t/n)((n+1)/n)
and farms aversive to quality uncertainty, if v < %
1-2pp»(1—pp)

THEOREM O.2. Define T'(x) = —h/(x) . For preemptive EMA with imperfect testing

, then there exists a unique symmetric NE of the game in

which xEY" is determined as follows.
(a) If c<T(1), then all farms adulterate to the mazimum level; i.e., xBY =1.

(b) If ¢>T(1), then the farms adulterate to some extent; i.e., 5% € (0,1] and is the solution to the equation: x =T(z).

We observe that the farms’ equilibrium adulteration behavior under either testing scenario follows a very similar pattern as in
Theorems 1 and 2 in §3.1. The condition on v in Theorem O.2 means that a farm should begin to exhibit aversion when the number
of his low-quality units is not too large. This condition is reasonable given our focus on smallholder farms. Our next result shows
that the risk of preemptive EMA in the supply chain is higher when farms are averse to quality uncertainty than when they are

expected-profit maximizers, under both perfect and imperfect testing.
PROPOSITION O.1. nf4" >n2 and 284" > 2PV,

With respect to the effect of supply chain dispersion on preemptive EMA risk in the supply chain, we show as in Proposition 2

that greater dispersion leads to higher risk under imperfect testing.
o AN

ProposiTION O.2. If v < o then —*—>0.
1—2pp(1—pp™) on
For the case of perfect testing, we cannot characterize the effect of dispersion on risk analytically. Therefore, we perform extensive

numerical simulation and observe that in a total of 32,000,000 numerical instances we run, greater dispersion always leads to a higher

risk. '8

17 We treat n as a continuous variable in this analysis for tractability.

18 We use the following parameter values in the numerical simulation: k¥ = 100000, 100 m values in {100,...,1000}, 20 p*** values
in {0.1,...,0.9}, p?in = 0.1, ¢ = 19.07, 20 g values in {0.1,...,0.9}, rg =19.07, r =0, t =n, A= {1,2,...,40}, and 20 v values in
{0.1,...,0.9}.
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0.1.2. EMA Risk When the Quality of All Units from the Same Farm is Perfectly
Correlated

In this extension we analyze a setting where all units of the same farm are of low (high) quality with probability p7*®(1 — p7*e®).
This setup captures scenarios where quality of units of the same farm are highly correlated (in contrast to being independent as
in our base model). We again analyze a setting where farms decide whether or not to adulterate low quality units. We first note
that our results for preemptive EMA in §3.1 will not change in this setup. This is because farms’ expected payoff does not change
in either perfect or imperfect testing with this updated distrbution of low quality units. Next, we characterize farms’ equilibrium

adulteration behavior under both perfect and inperfect testing for reactive EMA.

THEOREM O.3. (i) For reactive EMA with perfect testing,
(a) if ru —rr < q(t/n)c, then none of the farms adulterate low quality units.
(b) If rg —rr > q(t/n)c, then all the farms always adulterate low qualtiy units.
(i) For reactive EMA with imperfect testing,

) (ra—ro)n
(@) Falt/m)es e =11

TH — T‘L)TL
(8) Ifealt/m) € (s o

quality units with probability peq € (0,1) and pea =

, then all the farms always adulterate low quality units.

(ra —rr)n) , then a mized strategy Nash equilibrium exists where all farms adulterate low
(reg —rr)n? 1

cqt(n—D)ppes  (n—1)ppoee’
(c) if (ra —r)n<gq(t/n)c, then farms never adulterate low quality units.

Theorem O.3 shows that under perfect testing, farms always (never) adulterate low quality units if the expected per unit penalty is
smaller (larger) than the expected per unit revenue gain from adulteration. In contrast, since expected penalty increases with total
amount of adulterants under imperfect testing, a symmetric mixed strategy Nash equilbirum that randomizes between adulteration
and non adulteration balances the payoffs. Our next proposition shows that similar to Proposition 2B, the risk of reactive EMA as
measured by the total expected number of adulterated output in the supply chain is again increasing in supply chain dispersion.

PROPOSITION O.3. For reactive EMA with imperfect testing where all units of the same farm are of low quality with probability

OFE,
max s > O.
prL on =

0.1.3. Reactive EMA with Decision on How Much to Adulterate

In §3.2.2, we focus on the setup where farms adulterate either all or none of the realized low-quality units. An alternative setup is for
farms to decide how many of the realized low-quality units to adulterate. This setup can capture scenarios in which a farm adulterates
to fake the overall quality of his output to a desirable level. We first note that our results for perfect testing will not change under
this setup. This is because under perfect testing, any amount of adulteration induces the same level of expected penalty, whereas the
revenue gain increases in the number of units being adulterated. Hence, a farm would always adulterate all of his low-quality units
if he decides to adulterate. Theorem O.4 below characterizes the farms’ equilibrium adulteration strategy under imperfect testing,

where a*(nr,;) denotes the number of realized low-quality units that farm ¢ adulterates in equilibrium.

THEOREM O.4. For reactive EMA with imperfect testing where a farm can choose how many of the realized low-quality units
to adulterate, there exists a unique symmetric BNE of the game in which a farm’s adulteration strategy is a threshold strategy:
a*(np)=nr,. if np: €[0,8F8Y] and a*(np,:) = BFY if nr,. € (BFY,m], for all i. The threshold BFY is unique and determined as

follows:
t —
(a) If cq (7) > M, then BV € (0,m) and is the solution to the equation:
n 2+ (n—1)pr
_ nk(rg —ry)
B cqt

t TH —TL
(b) If cq (;) < H, then BFY =m.

26 (n=1)(f of (@, & pr)do+ [ Bf (2, £ pr)da).
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Theorem O.4 shows that when farms can choose to adulterate a fraction of his low-quality units, then they adulterate all low-quality
units up to a threshold, after which they adulterate a constant number of low-quality units. This structure is very similar to that
in Theorem 4. The only difference is that in the current setup, when a farm has many low-quality units, the farm would adulterate
just enough to make the marginal revenue gain from adulteration equal to the marginal penalty, i.e., adulterating BfV units (as
opposed to not adulterating at all in Theorem 4). Similar to Proposition 2B, we show that the risk of reactive EMA as measured by

the total expected number of adulterated output in the supply chain is increasing in supply chain dispersion.

PROPOSITION O.4. For reactive EMA with imperfect testing where a farm can choose how many of the realized low-quality units

E,
to adulterate, a— >0.
on

0.1.4. Alternative Models of Imperfect Testing Sensitivity
In this extension, we analyze settings of imperfect testing to model scenarios where detection probability is not linearly increasing
in the relative amount of adulterated output in the total supply chain output (as in §3.1.2 and §3.2.2). In particular, we examine
three alternative models where the detection probability is (i) convex increasing in the relative amount of adulterated output, (ii)
convex increasing in the relative amount of adulterated output and reaches 1 in the interior of the (0, 1) interval, and (iii) linearly
increasing in the relative amount of adulterated output and reaches 1 in the interior of the (0, 1) interval. The last two alternatives
capture scenarios in which detection probability increases quickly as a small amount of adulterants are added.

Formally, let the detection probability S; :[0,1] — [0,1] be a convex increasing function such that S;(0) =0 and S;(1) =1 under
scenario (i). That is, the detection probability should be 0 (1) if none (all) of the output is adulterated. Under imperfect testing, if

farm 4 adulterates with xz;, then the chance that the manufacturer detects adulteration when testing the aggregated supply is equal
. Si(@:)+22_ ;5 ()
o

n
sample with probability S (x;). Since the manufacturer tests the aggregated supply with probability ¢, the ultimate probability for

. If the manufacturer further tests the individual sample of farm ¢, then she detects adulteration in the

farm i to be caught if he adulterates is equal to

Yi(zi,x—:)) =q (3) (Sl (xa) +2°_; S (z—4)

n

)s.eu.

n

Similarly, the probability for farm ¢ to be caught if he adulterates under imperfect testing is equal to

oo =a(L) 8 (), [s (Pt Enremantie)y)

Under model (ii), let the detection probability S: : [0,1] — [0,1] be such that S2(0) =0, S2(a) is convex increasing in a for
a€[0,7), and Sz(a) =1 for a € [r,1], for some 7 € (0,1). Lastly, let the detection probability S5 :[0,1] — [0,1] under model (iii) be
a piecewise increasing function such that Ss;(x) = min(ax,1) for some a > 1. Note that o captures the detection level of testing.
Higher the «a, higher is the range in which detection of adulterants happens with perfect accuracy. Under preemptive case, if farm 4
adulterates with x;, then the chance that the manufacturer detects the adulteration when testing the aggregated supply is equal to

ofmi+3_ T-i) 1
n b

min( ). If the manufacturer further tests the individual sample of farm 4, then she detects the adulterants in the
sample with probability min(ax;,1).

We characterize farms equilibrium adulteration behavior under both preemptive and reactive EMA for the three models. Under
preemptive EMA, the equilibrium adulteration behavior (Theorem O.5) again follows the same structure as in Theorem 2 with

updated thresholds. In particular, if penalty is smaller than a threshold, then all farms adulterate upto the maximum level and if it

is large enough then farms adulterate to some extent but not to the maximum level.

THEOREM O.5. (i) For preemptive EMA with imperfect testing and conver increasing testing sensitivity modeled by S1(-), there
exists a unique symmetric NE in which FV" is determined as follows.
(a) If c< —h' (1) (ra —r)/[S;(1)q(t/n)((n+1)/n)], then all farms adulterate to the mazimum level; i.e., x¥V" =1.
(b) Ifc>[=h' (1) (ru —r)/[S;(Dq(t/n)((n+1)/n)], then the farms adulterate to some extent; i.e., x¥V" € (0,1) and is the
solution to the following equation: —h'(xz) = S1(x)S](x)q(t/n)((n+1)/n)c/(ru —rL).
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(ii) For preemptive EMA with imperfect testing and convex increasing testing sensitivity modeled by S»(-), there exists a unique
symmetric NE in which 2FV" is determined as follows.
(a) If c < =k (7)(ra —71)/[S2(T)S5(T)q(t/n)((n+1)/n)], then all farms adulterate to the mazimum level; i.e., xV" =1.
(b) If ¢ > —=h'(7)(ra — rr)/[S2(7)S5(T)q(t/n)((n + 1)/n)], let z* € (0,7) be the solution to the equation: —h'(z) =
Sa(x)Sh(x)q(t/n)((n+1)/n)c/(ru —rL). There are two cases:
i. If c<h(z*)/[qg(t/n)(1 — Sa(x*)?)], then all farms adulterate to the mazimum level; i.e., zPV"=1.
ii. If ¢ > h(z*)/[q(t/n)(1 — Sz (x*)?)], then all farms adulterate to some extent; i.e., xTV" = x*.
(iii) For preemptive EMA with imperfect testing and testing sensitivity modeled by Ss, there exists a unique symmetric NE of the
game in which zFV" is determined as follows.
(a) Ifc< —h (1/a)(ru —rL)/lag(t/n)((n+1)/n)], then all farms adulterate to the mazimum level; i.e. xFV" =1.
(b) Ifc<—h'(1/c)(re —rL)/[agq(t/n)((n+1)/n)], then let x* € (0,1/a) be the solution to the following equation: —h'(x)/x =
a(t/n)((n + 1)/m)co?/(rss — 71).
i If e< (h(z*) —h(1)(ra —ro)/[eq(t/n)(1 — x*2)] then zFV" =1
i I > (h(@*) — h(1))(ra — 1)/[0?q(t/n)(1 — 2*2)] then oPV" =2+

Under reactive EMA, we again analyze a setting where a farm adulterates either all or none of his realized low-quality units; i.e.,

the adulteration strategy can be characterized by the mapping a;(nr,;): {1,...,m} —{0,1}.

THEOREM O.6. (i) For reactive EMA with imperfect testing and convex increasing testing sensitivity modeled by Si(-), there
ezists a unique symmetric BNE of the game in which a farm’s adulteration strategy is a threshold strategy: a*(nr ;) =1 if

ng; €[0,8%) and a*(nr,;) =0 if ny; € [85,m], for all i. The threshold B° is unique and determined as follows:

t —
(a) If cq (*) > (rar —12) , then B5 € (0,m) and is the solution to the equation:
n E

mty_inp s
o [ (e
s —a(t) S 5\ g S B3+ _ynp, _iHnp, <85}
B (TH_TL)*Q(Z) 1\ ) Fnp,—i |P1 k cm,
where I{-} is an indicator function whose value is 1 if the argument is true and 0 otherwise.

(b) If cq (%) << (rer —re) : ],then 85 =m.

mts_,npn —4
S, ; L,—i

nrL,—i

(i) For reactive EMA with imperfect testing and convex increasing testing sensitivity modeled by Sa(+), in any BNE of the game,

there exist thresholds B' and B% such that B! < % and the following must hold:

t —
(a) If cq (7) > (ra :ZL) T then in equilibrium a*(np,;) =1 if np; < B or if np; > B*; a*(ng,;) =0 if
" IE" t [52 (m 77;71/ 7_Z>]

L,—i &

ng i € [BY, B%]. Furthermore, we must have * > tm.

t —_

(b) If cq (*) < (TH"H:;) —————, then all farms always adulterate.
n ]E”L.—i [32 (%)]

(iii) For reactive EMA with imperfect testing and testing sensitivity modeled by Ss, there exists a symmetric BNE of the game in

which a farm’s adulteration strategy is a threhold strategy: a*(np ;) =1 if ny ; € [0,8°] or if ny,; € [BY,m].

(a) If cq(t/n) < maa:(rH ' , a(piE;H—:r:n)L—?- m)> then 5 =Y =m
TH —TL k(TH—TL)

(b) If cq(t/n) > max( ) then

a " a(pa(k—m)+m)
Bs:max(o,%,(gfl)( 0/33 z f(z, m,p)dz + [51 xf(x,m,p)dz)) and
S
_ . cqm(t/n) (7_1)(\[‘0 xf(x,mm)dac—i—fﬁUacf(:c,m,p)da:)
BU—m'm(m, TH —TL ’ - k’(T'H—T‘L) )
cqgmoy

-1

Theorems O.5 and O.6 below show that the farms’ equilibrium adulteration behavior under scenario (i) follows a very similar

structure as in Theorems 4 in and §3.2.2. Under scenario (ii) and (iii), the structure of the equilibrium strategy in Theorem O.6
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can be viewed as a combination of the equilibrium strategies described in Theorems 3 and 4 in §3.2. In particular, the equilbrium
strategy here combines the adulteration strategies identified in perfect and imperfect testing. If the number of low quality units are
very low, then the testing sensitivity is similar to the imperfect testing case and farms adulterate when their low quality units are
less than a threshold. In contrast, if low quality units are greater than a thereshold, then testing sensitivity is similar to perfect

testing and farms adulterate when their low quality units are greater than a threshold.

0.1.5. Alternative Penalty Structures

In this extension, we first analyze cases in which per unit penalty is linearly increasing in the amount of adulterants. This section
is valuable in capturing scenarios where harmful effects of adulterants are increasing in the amount of adulterants. We model such
case by assuming that penalty is linearly increasing in the amount of adulterants. Thus for a farm that adds z; adulterants per unit
under preemptive testing and is caught, the penalty is cm(mx). We again find that the equilibrium structure under all the scenarios
is similar to the ones identified in Section§3.2 and §3.1 except in one case: For penalty alternative (i) and preemptive EMA with
perfect testing, adulterating farms use an amount of adulterants that balances the revenue gain with the penalty from adulterating.
The additional tradeoff arise because the penalty on being caught adulterating is no longer constabt but increaisng in the amount

of adulterants.

THEOREM O.7. (i) For preemptive EMA with perfect testing, there exists a unique symmetric NE in which xFF" is determined

as follows.
(a) If ¢ = =h'(0)(ru —ro)n/[mq(t/n)(n+1)], then
= [—_h’(o)(“’ —run’ _ 1} (0.1)
mcqt
(b) If c< =K' (0)(rg —rr)n/[mq(t/n)(n+1)], then n: =n
Let x* be the solution to the following equation:—h'(z)(ru — ri) = meq(t/n)(n:/n). Then PP = min(z*,1) and 27" €
(0,1).

(i) For preemptive EMA with imperfect testing, there exists a unique symmetric NE in which zPV" is determined as follows.
(a) If c< =R/ (1)(re —rL)/[mq(t/n)((2n+1)/n)], then all farms adulterate to the mazimum level; i.e., zPV" =1.
(b) If ¢> [k (1) (re —r1)/[mq(t/n)((2n +1)/n)], then the farms adulterate to some extent; i.e., z¥V" € (0,1) and is the
solution to the following equation: —h/(x)/x? = q(t/n)((2n+1)/n)c/(rag —rL).
(iii) For reactive EMA with perfect testing,
(a) if ru —r < q(t/n)em , then none of the farms adulterate; i.e. FRF" =0.
(b) If rg —rr > q(t/n)em |, then all the farms adulterate to the mazimum level; i.e., BRP" =m
(iv) For reactive EMA with imperfect testing, there exists a unique symmetric BNE of the game in which a farm’s adulteration
strategy is a threshold strategy: a*(np ;) =1 if nr; € [0,8%Y) and a*(np,;) =0 if np; € [BRY,m], for all i. The threshold

BV is unique and determined as follows:

t k -
(a) If cq (*) > _ klra—r) then BV € (0,m) and is the solution to the equation: 8%+ B(n—1) foﬁ zf(z, & pr)de =
n m(m+ (n—1)mp) "

nk(rg —ry)
cqt

k(’f‘H — TL)

t
(b) If cq (Z) < m, then BRY =m.

Next, we find qualitative evidence that larger companies who are caught adulterating face more severe penalty than smaller ones.
For example, they face longer jail terms and are fined more heavily (Yan 2017). This observation can be captured by modeling the
total penalty from adulterating as convex increasing in m. We find that all of our results continue to hold in this alternative setup

with updated threshold values.

PRrROPOSITION O.5. All of our results in §3.1 and §3.2 continue to hold if the penalty that a farm incurred for adulterating is

convex increasing in the total number of units, m, supplied by the farm.



e-companion to Levi, Singhvi, Zheng: EMA in Farming Supply Chains ec’7

0O.2. Investing in Traceability and Testing Frequency to Mitigate EMA
Risk

Given a supply network of farms, the manufacturer has two levers to mitigate the risk of EMA in the supply chain: increasing supply
chain traceability and the frequency of testing the aggregated supply. Developing these capabilities can be costly. For example, it is
very difficult to trace and inspect every individual farm in a supply chain sourcing from thousands of farms (Nestlé 2015). Therefore,
the manufacturer needs to balance between the cost of investing in these capabilities and the benefit of reducing EMA risk in the
supply chain. To address this tradeoff, we develop an optimization model from the manufacturer’s perspective, where the objective
is to minimize total investment costs while satisfying a constraint that the resulting risk of EMA in the supply chain cannot exceed
a certain level.

First consider preemptive EMA. In this setting, the overall risk of EMA in the supply chain is measured by n?/n under perfect
testing and #FV" under imperfect testing (see §4). Define I(q) and g(t) as the manufacturer’s investment costs for increasing testing
frequency and traceability, both of which are convex and increasing functions. The manufacturer’s optimization problem under

preemptive EMA can be characterized as follows.

177 (g,1) = min{l() +9(t) Ini/n <o, g€ (0,1, te(0,n]}, (0.2)

17V (q,1)

T}ﬁn{l(q)+g(t) ‘x”v* <a, ¢€0,1], te [o,n]}, (0.3)

where n); and 2PV are defined in Theorems 1 and 2, and « is the maximum level of risk allowed. For reactive EMA, the manufacturer’s

optimization problem can be modeled similarly as follows.

% (q,t) = min {i(q) +9(t) |Pn S o, ¢€[0,1], t€[0,n]}, (0.4)

%% (q,t) = min{l(q) +9(t)|En <, ¢€[0,1], t€[0,n] }, (0.5)

where P,, and E,, are defined in §4 given the farms’ optimal adulteration strategies under perfect and imperfect testing, characterized
in Theorems 3 and 4. The key difference is that we measure the risk of reactive EMA in the supply chain in two ways: the probability
of an individual farm adulterating (i.e., P,, as in Model (O.4)) and the expected total amount of adulterated output in the supply
chain (i.e., E, as in Model (0.5)).

Before characterizing the manufacturer’s optimal investment strategy under each of these model scenarios, we first define the
following useful constants.

(i) For Model (0O.2):

PP _ (ra —rL)(ppe* — ppin)n?
b c(1+ [nal) ' (0.6)

(ii) For Model (0O.3):

uPV = —h'(a)(ra —r)n
= —ac(n+ /n . (0.7)

(iii) For Model (O.4) under perfect testing:

= (ot (2 g1 [, ©3)

(iv) For Model (O.4) under imperfect testing:

—1

ppk -1 kpp(1—pp)
_ - PLE | =1 (a)y/ F2LUZPL)
uRV;(M) %+¢71(O‘)1/M+(n_1)/ af (x,k/n,pr)dx . (0.9)
0

The notation ¢ represents the PDF of the standard normal distribution. These constants are the values of gt when the risk constraint
in the corresponding models indicated is binding. Note that in the optimal solution to these models, the risk constraint must be

PV* “and P, are all decreasing in g and t, whereas the investment costs are increasing in ¢ and t. The following

binding because n}, x
theorem summarizes the manufacturer’s optimal investment strategy for Models (0.2), (0.3), and (O.4) under perfect and imperfect

testing.
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THEOREM O.8. Given the constants u’ with j € {PP, PV, RP, RV} defined in Equations (0.6)—(0.9), we have the following results
for a <0.5.

(i) If w9 >n, then the corresponding manufacturer problem is infeasible.

(i) If u? <n, then the optimal solution to the corresponding manufacturer problem (q*,t*) can be characterized as follows.

(a) If /(1) <u?g’(u?), then (¢*,t*) = (1,u?).
(b) If g'(n) < u—;l/ (z), then (g*,t*) = (U—J,n).
n n n
(c) If V(1) > uig’ (u?) and g’'(n) > Z—;l’ (%) , then (g*,t*) € (0,1) x (0,n) and satisfy the following first-order conditions:
q = wolw/q) and t* = “—j‘
(q) 7
Theorem O.8 part (i) suggests that if the manufacturer cannot satisfy the risk constraint even when the supply chain is fully
traceable and she always tests the aggregated supply, then additional levers are necessary to meet the risk constraint. Given our
earlier discussions in §4, one possible solution is to reduce supply chain dispersion. Theorem O.8 part (ii) shows that when a feasible
solution exists, the manufacturer always chooses the solution with the best cost-effectiveness. If the marginal cost at maximum
testing frequency is lower than the marginal cost at the minimum necessary traceability to satisfy the risk constraint (i.e., increasing
testing frequency is in general more cost effective than increasing traceability; Theorem O.8 part (ii-a)), then it is optimal for
the manufacturer to always test the aggregated supply and build just enough traceability given the risk constraint. Conversely, if
increasing traceability is in general more cost effective than increasing testing frequency (Theorem O.8 part (ii-b))), then it is optimal
for the manufacturer to build full traceability in the supply chain and test just enough given the risk constraint. If neither of the
above is true (Theorem O.8 part (ii-c))), then the optimal investment is an interior solution that achieves the best cost balance
between investing in the two levers.
Our next proposition characterizes how the optimal investment solution (¢*,t*) described in Theorem O.8 and the resulting

optimal cost change with supply chain dispersion.

PROPOSITION O.6. Let SCuy and SCpL be two supply chains such that the supply chain dispersion in SCy is greater than that
in SCp (i.e., ng >ny). Consider each of the manufacturer’s optimization problems formulated in Models (O.2), (0.3), and (O.4)
under perfect and imperfect testing. We have the following results for aw <0.5.

(i) If the manufacturer’s problem is infeasible for SCr, then it is also infeasible for SCy.

(i) If the manufacturer’s problem is feasible for SCr, then it is also feasible for SCp.

(iit) Assume that the manufacturer’s problem is feasible for SCy. Let (q3;,t5) and (q;,t}) be the optimal solution for SCy and

*

SCy respectively. Then, q; < g3, t; <ty, and the resulting optimal cost for the manufacturer is lower in SCr than in SCq.

Proposition O.6 highlights two results. First, given a desirable risk constraint, it is always more difficult for a manufacturer with
a more dispersed supply chain to satisfy the constraint (parts (i) and (ii)). Second, conditional on being able to satisfy the risk
constraint, it is always more costly for a manufacturer with a more dispersed supply chain to do so (part (iii)). Therefore, higher supply
chain dispersion results in greater challenges for a manufacturer to manage and mitigate the risk of individual farms adulterating,
from both feasibility and financial standpoints.

Finally, we consider the manufacturer’s problem formulated in Model (O.5). The key difference in this model versus the others is
that the risk constraint is imposed on E,,, the expected total amount of adulterated output in the supply chain. Since E,, aggregates
all farms’ adulteration decisions, we cannot derive the manufacturer’s optimal decisions analytically. Nevertheless, consistent with
Proposition O.6, we show that higher supply chain dispersion again makes it more costly for the manufacturer to satisfy a desirable

risk constraint, regardless of testing sensitivity (perfect or imperfect testing).

PROPOSITION O.7. Let SCg and SCp be two supply chains such that the supply chain dispersion in SCy is greater than that in
SCL (i.e., ng >nr). Consider the manufacturer’s optimization problem formulated in Model (O.5) and assume that it is feasible
for SCy. If a < nfmp/s zf(x,m,p)dz, then for both perfect and imperfect testing, the optimal cost for the manufacturer is lower
in SCp, than in SCy.
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Table 0.1 Total EMA Risk When Farms Engage in Both Preemptive and Reactive EMA

Reactive EMA, perfect testing Reactive EMA, imperfect testing
Preemptive EMA, perfect testing Amnl + (n—n}) f;}gp xf(z, m,pPa*)dx amnt + (n—nk) foﬁnv zf(z,m,pPa>)dx
Preemptive EMA, imperfect testing AeaPV™ 4 nf;;}p xf(x,m, h(zFV"))dx AexPV™ 4 nfOBRV zf(z,m, h(zPV"))dzx

0.3. Investing in Testing Capabilities to Mitigate EMA Risk

We examine the effect of the manufacturer investing in perfect testing on mitigating EMA risk in the supply chain. To this end,
we allow farms to engage in both preemptive and reactive EMA in response to the manufacturer’s testing capability. The model
dynamics are similar to those described in §2 with the first two steps revised as follows. (i) The manufacturer chooses whether or
not to adopt perfect testing for preemptive or reactive EMA respectively. The farms observe the manufacturer’s choice. (ii) Each
farm simultaneously and individually decides the amount of adulterants to add to reduce the likelihood of producing low-quality
output from pP** to some p; < pPa* (preemptive EMA). (iii) The uncertain quality of each unit of output is realized. (iv) Each
farm simultaneously and individually decides whether or not to adulterate all of the realized low quality units n; to create fake
high-quality ones (reactive EMA). The remaining steps are exactly the same as in Figure 1. We are interested in analyzing how the
total EMA risk, accounting for both preemptive and reactive EMA, is affected by the manufacturer’s testing capability for either type
of EMA. In particular, we analyze whether adopting perfect testing always reduces EMA risk in the supply chain. In this analysis,
we take the farms to be short-term oriented (see footnote 8), and thus, they do not account for every possible realization of ny and
the corresponding reactive EMA decision when making their preemptive EMA decision. To simplify exposition, we also assume that
when the farms adulterate preemptively with the maximum dosage, pr, becomes 0. Our results remain qualitatively the same without
this simplifying assumption. Table O.1 summarizes the total EMA risk in the supply chain for the four different scenarios we analyze
in §3. For example, the top left cell shows the total EMA risk if the manufacturer invests in perfect testing for both preemptive and
reactive EMA. By Theorem 1 we know that under perfect testing, a subset of n* farms adulterate preemptively with the maximum
dosage while the remaining do not adulterate at all. Thus, the expected total amount of adulterants added preemptively is mn}. In
the reactive EMA stage, we again know from Theorem 3 that under perfect testing, farms adulterate when their low-quality units
are greater than 8% . Hence, the total EMA risk in the supply chain is equal to Amn + (n —n) f;}%p xf(x, m,pP**)dz. Note that
A here measures the importance of preemptive EMA relative to reactive EMA when the manufacturer evaluates the total EMA risk.
We can similarly characterize the total EMA risk in the supply chain for the other three scenarios.

By Proposition 1, we know that reactive EMA risk is always lower when the manufacturer adopts perfect testing. Thus, we only
need to compare the total EMA risk in the left two cells in Table O.1. We first focus on comparing the preemptive EMA risk between

these two scenarios. Our results are summarized in the next proposition.

PROPOSITION O.8. Let R =mn}, and Rf, = kxPV™ denote the preemptive EMA risk under perfect and imperfect testing respec-
tively . Then,
(i) If c<=h'(1)(ra —rL)/lq(t/n)(n+1)/n], then RY =k and R}, =k. Thus, all farms adulterate to the mazimum level under
both perfect and imperfect testing cases.
(it) If ce [-h' (D) (re —r)/[qt/n)(n+1)/n, (rg —r)(pTe® —p7in)/[q(t/n)]], then 2PV € (0,1) and n* =n. Thus, R >RE,

i.e., preemptive EMA risk is higher under perfect testing than under imperfect testing.
(iii) If ¢> (ru —r) (7" —ppi™)/la(t/n)]], and

(8) If < (ri =2 ) (P = pp*™)/la(t/m)h=" (P = pg) (14 1/m))], then RY > R,

ip?

i.e., preemptive EMA risk is higher
under perfect testing than under imperfect testing.
(b) Ifc> (ru —ro)(ep*™ —p7*™)/lq@t/n)h = ((p7"™ — p7*")(1 +1/n))] then R}, > R}, i.c., preemptive EMA risk is higher

under imperfect testing than under perfect testing.
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Proposition O.8 shows that when the per-unit penalty is not high enough, adopting perfect testing can in fact backfire and result
in higher preemptive EMA risk. This is because under perfect testing, adulterating farms all adulterate with the maximum dosage,
while under imperfect testing, they adulterate at a lower level to trade off revenue gain with the expected penalty. When the penalty
is not high enough, more farms adulterate to the maximum dosage under perfect testing, therefore leading to a higher risk. Our next

result shows that this observation remains true when considering the total EMA risk that also accounts for reactive EMA.

THEOREM O.9. Let Rg denote the total EMA risk under perfect testing for both preemptive and reactive EMA, and RZ; the total
EMA risk under imperfect testing for preemptive EMA and perfect testing for reactive EMA. We have the following results.
(1) If c<=h'(1)(ru —r1)/lq(t/n)(n+1)/n], then RT = R].
(ii) If ¢> (ru —71)/la(t/n)), and
(8) If ¢ < (ri —r2) (PP*)/la(t/m)h~" (—pp = (1 + 1/n)]), then BT > RY,.
(b) If e (ru — 1) (ppe=) /la(t/m)h=* (~pe= (14 1/n))]), then RY, > RY.

We complement Theorem O.9 with extensive numerical simulation for the range of ¢ values that we cannot characterize the total
risk analytically. Figure O.1 presents a representative pattern of how the total EMA risk changes with ¢ under either perfect or
imperfect testing for preemptive EMA and perfect testing for reactive EMA. Observe that adopting perfect testing for preemptive
EMA in fact leads to higher total EMA risk inadvertently when c is not sufficiently high (for ¢ < rg in this example).

Figure 0.1 Total EMA Risk under Perfect or Imperfect Testing for Preemptive EMA and Perfect Testing for Reactive EMA

1
Perfect testing for preemptive EMA

08
5
£ 06
<
=
w
g 04
= Imperfect testing for preemptive EMA

02

o | | | | | | | | | | | |

1 5 9 13 17 21 25 29 33 37 41 45 49
Per-unit penalty ¢

Note. We use the following parameters in this example: k= 100,000, m =1,000, ¢g=1, rgy =10, r, =0, t=n, c€ {1,1.5,...,50},
ppex =0.5, and pPir =0.

0.4. Proofs

Proof of Theorem 1

Let us assume that a subset n, out of a total of n farms are adulterating. Consider a farm ¢ that is adulterating at equilbrium.

Then, revenue from adulteration (7%) should be strictly greater than revenue from non adulteration (7% ,). 7i =rgm(1 —p7i™) +

na

min

rLmpyt — ¢ (t/n)em and 7}, = ram(l — ppe®) + rympp*®. Now consider a farmer i’ who is not adulterating at equilbrium.
Then, 7¢' > i, 7' = rpm(1 — ppin) 4+ rpmppin — g2t (t/n)em and = rym(l — pTeT) + rLmpe®. Simplfying the two
conditions we get, n2(TH_TL)EZ?aI_me) >ng > nz(TH_TL)iZ:LnM_p?m) — 1. Thus we get the desired result using the fact that n,
has to lie between 0 and n.
Proof of Theorem 2
We first define a Nash equilibrium in the game.

DEFINITION O.1. The strategy profile {2PV" i = 1,...,n} constitutes a Nash equilibrium of the game if zPV" €

argmaxu;cpo,1] 7° Y (z:,27Y"), where 7PV (-,-) is defined in Equation (2).
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At an NE, farm ¢ chooses z; so as to maximize his expected payoff in Equation (2) given the choices of all other farms. Note

APVig o t T+ 2T 2. PVip o, t 2

that w:fmh’(z)(errL)qucm(z ) and o 8(:2“1’1) =—mh'(z)(rg —rr) —qg—cm(—) < 0. Further,
Ti n n o3
7TPV Xiy X —;
since we consider only symmetric equilibrium, we have x* , = 7 = xpy+. Substituting this, we get (; ) =—h'(z*)(rug —
Ti
t n+1

r)—q—c + x*. Since PV (x;,z_;) is a concave function, optimal solution is achieved either at the first order condition or at the

n

boundary:

*

(a) If c<=h'(1)(ra —rr)/[g(t/n)((n+1)/n)], 7V =1.
(b) If ¢ > =W (1) (ra — r1)/[q(t/n)((n + 1)/n)], then zFV" € (0,1) and is the solution to the FOC: —h'(x)/z = q(t/n)((n +
1) /n)e/(ri = 71).
Proof of Theorem 3
Farmer’s revenue is 7" (ny) = max {rg(m —nr) +rrnr,ram — ¢(t/n)em} under perfect testing for reactive cases. Thus, he adulter-
ates if rym—q(¢t/n)em > ry(m—nr)+rpng. This simplifies to ny, > MzﬁRP.ObserVethat HBRP _ q(t/n)em “o.
TH—TL O(ra —rr) (ra—re)?
>0 and

OB _ (tfn)em _ 087" _ q(1/mem 9" _ alt/mm _

dq _(T‘H—’I‘L)i ot _(’V‘H—T‘L c _(T‘H—’I‘L)i
Proof of Theorem 4

We first formally define a Bayesian Nash equilibrium in the game as follows.
DEFINITION O.2. The strategy profile {a}(nr,;),i =1,...,n} constitutes a Bayesian Nash equilibrium (BNE) of the reactive

adulteration game if a} (ny ;) € argmaxae (0,13 En, _, [W,ﬁv(a,nL,i,aii(nL,,i))], where

Enp _, [77V(aynea”, (ne, )] = {’”H(m"“) Trene b (0.10)
’ rum—;(nri,a*;(np,—i))em, if a=1,
and ~;(-,-) is defined in Equation (3).
First we show that any optimal strategy in this game is a threshold policy. Farmer
Us revenue is max{rg(m—nr)+rnr,ram—vy;(nr,a—;(ne,—;))em}, where Yi(nr iya—i(ne,—3)) =
q(%) ("LTl) (nL’iJrEnL”i [Efi:L’*ia_i(nL’*“]) from equation 3. Thus he adulterates if rym —v;(nr i,a—i(nr,—;))em > rg(m—

kn(rug —rr) _kn(rg —rL) "
BT —En, _, [E_inL,,ia,i(nL,,i)] >ng,;. Let = BT —BEQCT 1\ any, ;05)-

Under any BNE, farm ¢ will adulterate only when his low quality units are less than the threshold £. Since all the farms behave

nr.i)+rnr,;. This simplifies to

symmetrically and they are all identical, all farms adulterate only when their realized low quality units are less than S. Thus,
a*(np;)=1ifny; €[0,8) and a*(ns,;) =0 if nr ; € (B,m], for all <. Next, we characterize 8 and show that it is unique.

Using the fact that all farms have the same threshold B, we have that E,, _, [ZfinL,,ia,i(nL,,i)] = (n —

1) OﬁRV zf(x,m,pr)dz. Note that mazg {foﬁ :J:f(:r,m,pL)dx} =mpy and it is attained when 8 > m. If 8 =m is a symmetric BNE,

k _
then given that S_; = m, we should get that 8, = m as well. This happens when 8; = LISTL) — (n—1)mpr > m, because it
cq

kn?(rg —rr)

implies that, given that all other farms have _;, =m, ; =m is optimal for farm 4. This condition simplifies to —(n—

cqt
L. L. . . 5 A0 —pL)(ru —7L) .
1)kpr —k > 0, which is a quadratic in n and is satisfied when n > 2(1 —pr) P+ I E— —pr | . This proves part
cq
. 5 4(1—10L)(7"H—7’L) . .
(b) of the proposition. If n <2(1—pyr) p? + B — —pr | , we will use the Intermediate Value Theorem to show
cq
the existence of 3%V . Define F(B) =3 — % +(n—-1) fOB xf(x,m,pr)dz for B € [0,m]. Note that F(0) = —% <0 and

F(m)=m — W + (n — 1)mpr, > 0. Since F(.) is continuous on [0,m] and F(0) <0 < F(m), there exists 3%V € (0,m) s.t.

ﬁRV _ kn(rg-rp) _

RV
pon (n—1) foﬁ zf(z,m,pr)dz. Finally, since the RHS in the equation is monotonically decreasing in %Y, the

fixed point is also unique.

. .. . OBEV kn oBRY
Using the Implicit function theorem, we have = > 0 and =
O(re —rL) cgt(1+ (n—1)Bf(8,m,pr)) dc
B kn(rg —rr) <0 and oprv o kn(rg —rr) <0 and RV . kn(rg —rr) <
c’qt(l+ (n—1)Bf(B,m,pL)) 9q cg®t(1+(n—1)Bf(8,m,pL)) ot cqt*(L+ (n—1)Bf(B,m,p1))
0.

Proof of Proposition 1

t
Note that BFF = cam from Theorem 3. First, we will show that if 87" € (0,m) than 8%V = m. Note that 87" < m is

n(rg —rw
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t k -
equivalent to L) < 1. Further, we already know from theorem 4 that %Y =m if TL(THitTL) — (n—1)mpr > m. This
n\rg —7L cq
- - n cqt . n cqt - .
condition simplifies to > . Since p < 1, >1> . Similarly if %Y € (0,m), then
(n—=1)p+1 " n(rg—rL) (n—1)p+1 n(rg —rw) ( )

t
el GO and this implies 3% =m

m <
(n—1)p+1 n(rag—rL)
Proof of Corollary 1

We have shown above that 8%V =m if %" € (0,m). Since EMA risk is maximum when %Y = m, we have that EMA risk under
imperfect testing is always greater than that under perfect testing. Next, note that if ¥ = m, then EMA risk under perfect testing
is 0 and is again always smaller than that under imperfect testing.

Next, we prove some lemmas that will be useful in proving the dispersion and quality uncretainty results in Proposition 2 and 3
under the reactive adulteration case. Again note that f(z,m,pr) is the probability density function of a normal distribution with

mean mp and variance mp(1 — p) evaluated at x. Since normal distribution is a good approximation in our case, we will assume

JJ" f(z,m,pL)dz =1. Define, 8’ = g—fz
LeEmMA O.1. foﬂxf(m,m,pL)da::fUB ff f(x,m,pr)dzdt

Using interchange in order of integration,

/Oﬁﬁﬁf($,mapL)d17:/0ﬁ /OT f(:n,m,pL)dtdac:/0[i /tﬁ f(z,m,pr)dxdt

LeEmMA O.2. f;o zf(x,m,pL)d;B:foﬂ f;c’ f(;r,m,pL)d;rdt—&-f;o J° f(z,m,pr)dxdt

t

Using interchange in order of integration,

/;oa:f(:v,m,pL)d:vf/oC ( f(m m pL)dt+/ f(z,m pL)dt)dm

/ /fzmpL)dtdz+/ /ﬁf(x,m,m)dtdx

—/ flz,m pL)dxdt+/ / flx,m,pr)dzdt
B ¢
LemMA O.3. 52 fﬁ zf(x,m,pr)dr) = B3> (fo (z,m,pr)dz) + foﬁ Wdt

Using lemma O.1,
o /Oﬁ 2f(@,m,pr)dz = aim(/f /tﬁf(w,mmL)dxdt)
:% /ﬁ /ﬁ f(""fvmvPL)ddet—/B /tf(xvm,pL)d:(;dt)
T / f(@,mopr) dm—/ﬁ/ f(w,m,pr)dadt)
=4 f(z,m,pL)dz+ﬁ—/ f(x,m,pL)dx,/ i/tf(xvmvpL)dzdtfﬁ’/oﬂf(x,m,pL)dx
/0 /\/W < \(/bemd )t

—67 / f(meL ) o
) / t+mp)f(tmp)
B

:Baim /0 f(x,m,pL

LEmMA O.4. 32 ( [ af (z,m,pr)dz) =

2m
2 ([ mope)da) 4 [ HEmelmn gy

Using lemma O.2,

%/;O xf(z,mpr)d:c:%(/oﬁ /ﬁoo ]‘(q:7mVI;L)dmdt-‘,-/ﬁOO /too f(:v,m7pL)d:vdt>
9 5/;0 f(:L“,m,PL)al:z:Jr/oo /OO f(z,m,pL)dmdt)

zgf/oofxmpL)derﬂ—/ facmpL)dach/oo 8/ fwmpL)dwdt—B/ f@,m,pr)de

—B— / flz,m pL)dx) +/:3%(/mt7mp L\/T:))dz)dt

mp(1—p)

([ sempyie) [ ),

2m
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LemmA O.5. Let P, = P(ng < B,,). Then, 28m < ( f 28m < Sdmep

am m

¥

Pm:P(nL Sﬂm)

=P(N(0,1) < M)

Vmp(1—p) (0.11)
oP,, _ OBm B+ mp
= p(Bamp) (G )
Thus, if g—i < ﬁ’;’% then % <0 as well.
LEMMA O.6. Let P = P(ng < Bin). Then, 20m <0 if 95 < BC-2nitme
Py =P(ny <) =P(N(0,1) < M)
oP., —fBm p)(%i B(1—2p) +mp
ap T op 2p(1—p)
e 88 B(1—2p)+mp OPm
Thus, if o < St then e <0 as well.

Proof of Proposition 2A

First we show the results for the preemptive case under both perfect and imperfect testing. First we prove the result for perfect

max

testing. From Theorem 1, we have that if ¢t =n (full traceability) n} = min {n, [(errL)(pL 3 Al 1—‘} and if t < n (partial

cq
max _

_ miny, 2
traceability) n’ = min {n, "(TH TL)(pfqt pLn 1-‘ } Thus, it is straightforward to see that n} /n increases with n under partial

traceability and remains constant under full traceability..

Next, we prove the results for reactive case. First we prove the results for P, for both fully (¢ =n) and partially (¢ < n)

cm(t/n cm
traceable supply chains. From Theorem 3 we have that 77 = gem(t/n) and P, = Prob(ng > BRP). If t =n, pRYV = 4 and
TH —T TH —TL
op, k cqk K cq—pr(rg—rr) RP gem(t/n) P, k tegk k 3eqt—np(rg—rr)
o =Gl (oS P (e ) it <n, B8 R and - :(ﬁ)f(nz(,,;,7.L)ag7pL)( )
9En

Next, we prove the results for E,,. We will prove this result by showing that f’;:—m'f‘ < 0. Since m = k/n, this implies that o =

g—:’:‘ B;‘;Z“ = —n% ‘z}% >0 in all the cases. Let X" be the amount of supply adulterated by farm ¢ when he supplies a total of m units.
Then total supply that is adulterated is just >, X™. For fully traceable networks we have g#F = ﬁ Let a= rHc—qu . Using

lemma O.4, if ¢ > w,

B B3 X7 = Y BIX) = nBIX = & [ f(m o

OEm, k 0 o0 k o0
om. = Ea?(/l; xf(z,m,pL)dz) - W/ﬁ zf(z,m,pr)dx

- %(5%</ﬁ°" f(xvm»pL)dx> -i-/ﬁOo (ac—‘rmpL)f(ac,m,pL)dx) — rr]; /;o zf(z,m,pr)dx

2m

OP,, k[ L e

=ka 77/‘ xf(:):,m,pL)d:EJr—/ wf(t:m:pﬂdt
om m? Jg m Jg 2m
oP,, k o T

—ka g o [ - D) f(empn)da
om 2m Jg m
OP,, k o

<ka +7/ (pL*E)f(I:m:PL)dx
om  2m Jg m
oP,, k c °°

=ka—— +—(pr — 7(1)/ f(z,m,pr)dx
om  2m rg—TL Jga

<0

oP,

The last inequality follows because o

<0 when ¢> w from the fact that P,, is decreasing in m in this range.

_ k _
Now we consider partially traceable networks. If gc > % then this implies m > % ‘We will prove this result
n)q cq
t & 2¢
by considering two cases. Let a = « . Here, B2F = gem(t/n) —_«m =am?.
) kPk(TH—rL) TH—TL k(rg —rr)
Case 1. If pLri L) <m< Lrn 1)
3cqt cqt

oo

B
Em=E]_X"|=) E[X]"]=nE[X]"]= K @mpn)de = kp— / af (z,m,pr)dz
‘ mJg mJo
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k 8<f06 xf(m,m,pL)dm)

OEm k [P
aim:ﬁfo mf(%m,pL)dz—E -
8
*/ zf(z,m,pr)dx 57/ (@, m,pr)dz) + / (y+mp)2{7:y7m,pL)dy)
k O
,—Eﬁ (8m +%/ (*—pL)f(m,m,pL)dx
k 0(1—Pyn)
ST e T ‘*‘“mw/]frmpL
R gO0-Py) | kcatm
- mﬂ om +2m(k:(ry—rL) pL)/O f(t,;m,pr)dt

kpp(rg—rp) <m< kpr(rg—rp)

The second equality follows from lemma O.3. The last inequality follows from the assumption that Seqt ot

and the fact that P, is decreasing in m in this range.

k _
Case 2. If m > %tm Following the same procedure as above, we get
cq
OEm, P, k [ T
——=kB——+-— [ (po—=)f(x,m,pL)dx
om om  2m Jg m
P, k o
SkB——+-— | (pr——)f(z,m,pr)dz
om  2m
OP,, k cqmt oo
=kf——— o - ) ) d
s ) (G
<0
kP(TH - TL)

The last inequality follows from the assumption that m > and the fact that P,, is decreasing in m in this range.

cqt
Proof of Proposition 2B
Under imperfect testing with preemptive EMA, we have from Theorem 2 that 27V can either be the solution to the first order
equation or at the boundaries. We will show that xpv* > 2PV for all n in all these cases.
Consider the case when V" is the solution to the FOC and t = n. Then from theorem 2, we have —h'(zZV")/2PV" = q((n +
1)/n)e/(rg —rL). If 3:5_}_’1 is a solution to the FOC then —h/(n41)/Tn+1 =q((n+2)/(n+1))c/(rg —rr). Let F(z,n) =zq((n+
1)/(n))e/(ru —ri) + h/(z). Note that F(zEV",n) =0 and F(zFY;,n+1) =0 and F(0,n) < 0 since h is a decreasing function.
Since h is a convex function, F'(z,n) is montonically increasing in z. Further, F(zlY, “on)=c/(rg — rL)xi_‘(l*q((n +1/n) — (n+
2)/(n+1))=c¢/(rg —re)znt19(1/(n(n+1))) > 0 using the definition of F and the fact that F(mf_‘(f,nJr 1) = 0. Since F(z,n) is
montonically increasing in z, and F(zEV",n) =0 < F(zn41,n), we have V] > zZV" in this case as well. If ¢ < n then letting
F(z,n)=zq(t/n)((n+1)/n)e/(ra —re) + h'(x) and redoing the analysis yields the same result. If $n+1 =1 then since zFV" <1,
we again have 7Y >zZV". Finally, if 25V" =1 then since —h'(1)(ry —r)/[q(t/n)((n+1)/n)] is increasing in n, 2V, will be 1

for n+1 as well.

v . oP,,
to show that 88[@ < 13:# in order to show —— < 0.
m m om

For fully traceable supply chains (t=n) and RV = H—"L) _ (£ 1) foﬁRV o f (@, m,p)dz

cq

Case 1: Assume B%Y <mpy.

RV
Let g(87"m) = X218 (K 1>/B af(x,m,pr)de — 5"
cq m o
) ko efY k 9 pRV
a%:E/O Zf(mmpL)dxf(Efl)a—m</ :L"f(m,m,pL)dz)
7/ ef(empede = (2= 1) (5% ([T f(oimop)de +/ ”m“;?ff’m’“)dt)
0
BRV RV
— (K s (8 py (B i/ £ (t,m,pr)dt — (- —1)/ Ftompr) (CEPE gy
m 2m m2 Jo m o 2m
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ecld

BRV

2m )+ 2m?

RV gRV
= (E - 1)5va(ﬁRV,m,pL)(w : / (t—mp)f(t,mvm)dt‘%/ f(t;m,pr)(
m 0

dg
HBRV

RV . RV RV
c’wRV_(ﬁ*l)ﬁRVf(ﬁRV,m,pL)(%H# U (t—mp) f(t,mopr)dt+ [ f(tm,pr)(FE

=1 (0 (57 )

t+mpL

)dt

t+mpp, )dt

om L+ (£ —1)BRY f(BRY,m,py)

i g 13 i W Vi
Since BEY < mp; from assumption, we have

=
2m? J,

ﬁRV

Fem (< [T e mop)
0

RV +mpL)/BRV BRV +mpL)
o 2m

BRV 5RV

t+mpr

dt
2m )

(t —mp) f(t,m,p)dt + /o

F&,m,pr)dt <(

<(

2m
Adding (£ —1)BRY f(BRY,m pL)(w) on both sides, we get

BV +mpyr, k /
2m )+2m2

RV gRV

(t — mpi) f(t,m, pr)dt + / Ftm,po)(

RV
B Emee gy (% = DBV F(BRY ,m,pr))

t+mpr
2m

= (5 0B ™ ) )t

2m

(& = DB (B m,pu) (Eg ) + 5oy [ (t = mpn) (b m,pu)dt 4 7 F (6 mpn) (St RV mpy

1+ (55 = DBRY f(BRY,m,pr)

. . RV RV . RV RV
This implies 827 < B_+mp From lemma O.5 we get that since 28— < £_+mp  9Pm < () 55 well.
m = 2m om = 2m om =

Case 2: Assume B%Y > mpy,.

RV
grv =M m) (B [T g mopn e
cq m o

k — k k R
= HEE) ety (=0 =0 )
g(ﬁRV,m>=WH07q”")fka+mpL+(——1)(/°° 2 f(,m, pr)da) — A7V
g—i:pL—l—(%—l)—(/:va,’f(xmpL)dac _7(/0" zf(z,m,pr)dz)
_ Ei RV o o t+mpL)f(t7m7pL) 7& =
=pit (G- (p™ g ([ s@mpir) + [ EIPILIPE ) - ([ (e mpae)

2m

RV oo oo
=pat (o =08 0™ mpa) (T - [ g mpiaeg (= 1) [ mpa) (i

2m m? JgRV

BR

k RV L k e8] e8] L
=put (=08 1™ o) P o [ g <0t mpat = [ gt mopa) (T ar

2m 2m? RV 2m

9g k RV RV
Sowr = L= (o= DB f(B™ m.p)

apRY  pL + (£ -1)BRV f(BRY,m pd(ﬁ) + 5z [orv (mpr — ) f(t,m,pr)dt — [Thy Ftm, pr) (F2L )dt

2m

om L+ (o = DBRYV f(BRY,m,pr)
Since BEY > mp from assumption, we have

t+nwL mpL+num(<BRV+nwL

Ydt <pr =

prt o / (mpr —t)f(t,m,pL)dt—/ ft,m,pr)(

Adding (£ —1)RY f(BRY,m pL)(w) on both sides, we get

k BV +mp k = o t+mp

—pe+ (= DE Y e pn) (TR SR [ s = 0 f(tmpedt = [ fmpn) (CP at
m 2m 2m? Jgrv BRV 2m

S 6RV +mpL

2m

(14 (2 = D8 (5™ m,pi)

t+mpp, )dt

2m

< B +mpy,

o (B = D)BRY (BRY mpe) (PSR 4 Sy [ (mpn — ) f (6 m,pr)dE— [Sy (6 m,pr) (P
B L+ (£ —1)BRY f(BRY,m,pL)

2m
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L. . 53RV RV . RV
This implies 7‘3‘2 < B IMPL From lemma O.5 we get that since 267V < 8 tmpp, , 2Pm <0 as well.
m = 2m om am

2m

200
Let 5RV be the threshold for fully traceable systems. For partially traceable systems, BFY = % - (% -
T —T — apltv 2(rgg—r opltv RV .
fo zf x,m,pr)dx = % + BV — WHciqu). Then ifn =k (cquthL) + =L £ ;ﬂmpL. Thus for both partially

and fully traceable systems P, increases as n increases if 8" is a solution to the fixed point equation.
Next, we will show that aaE—mm < 0 to prove that f’@iﬂn > 0. Let X™ be the total supply adulterated by supplier i=1,..,n when

each supplier supplies m units. For fully traceable systems, 3 = k('Hci;'L) —(£ - l)foﬂ xf(z,m,pr)dz. Let a = H'Hci;'m Then

o Prf(z,m ,pr)dr =2
n n k[P

Bn = B[Y X7 = 30 BIXT =nBIX = - [ af(ompu)do
i=1 i=1 mJo

% =*£/Oﬁ iL‘f(ac,m,pL)doch%(ﬁi(/ﬁ f(Z,m,pL)dz)+/ﬁ (t+mpL)f(t7m7pL)>

om m? 0 2m
k B k _OP,,
:_ﬁ/ zf(a:,m,pL)da:-i——ﬁ——&— /ftm + pL)dt
0
k B k
:—W/ o (2,m, pr)da + - ﬁ—+ﬂ/ f(t,m,pe)d
k 6 ”YL k
—W/ 2@ m,pu)de + 2 g2 pL/ F(t,m,pe)d

Replacing the value of a;m

m’;’:‘ <0 is equivalent to showing:

and %, we get that showing

B B
0< 8218 mopu) +mp(81 (B mpn) — [ f@mipi)de) + (1= 287 Bmopn)) [ of(em.pr)de (0.13)
0 0

Note that f zf(x,m,pr)dr=mpr(1—pr)f(B,m,pr) +mpr foﬁ (z,m,pr)dx using integration by parts and the assumption that
f_ zf(x,m,pr)dz = 0. Replacing the value in equation O.13, and after some algebraic simplifications, we get that a{fm <0is

equivalent to showing:

B
0<p(8-+mps—2mps | fampr)de) +mpr (1= po) (1-287(8,m.p1)) (0.14)
0

B
&0 Bmps—2mps [ f@mps)datmpu(1=p2) (5 = 20(Bm.pu)) (0.15)

0
We will show that the inequalities hold by considering different cases:

Case 1: Assume 8 < mpy,.

(i) If 1—28f(B,m,pr) >0, then second term in equation O.14 is non negative. Since 8 < mpr, fOB f(z,m,pr)dr <1/2 and the
first term is also non negative because 8+ mpr — 2mp,, foﬁ zf(x,m,pr)dx > B +mpr —mpr > 0.

(ii) If 1 —28f(8,m,pr) <0, then 1 —2mpr f(B,m,pr) <1—28f(8,m,pr) <0. Differentiating the RHS in equation O.15 w.r.t.
B, we get 1 —2mpy f(8,m,pe) — mpr (1= po) (r +2/(8,m,pe) - 2L=LLs). Since 1~ 2mp f(B,m,pr) <0 and § < mpr,
the differential is always negative and the expression is decreasing in 3. Thus the smallest value of the RHS is when g =
min(mp, 8*) where B* is the largest 8 s.t. 1 —28f(8,m,pr) < 0. Since B8f(8,m,pr) is increasing in S for f < mpr and
mpr, > 5 from assumption, it is easy to check that 1 — 2mpy, f(mpr,m,pr) > 0 and min(mpr,8*) = B*. Note that at *,
1—28*f(B8*,m,pr) =0 since Bf(B,m,pr) is increasing in 8 and we want the largest 8 s.t. 1 —28f(8,m,pr) <0 . Evaluating
at 8*, the second term in equation O.15 is 0 while the first term is again non negative. Finally, since the RHS is non negative
at B*, it must be non negative for all g < 3*.

Case 2: Assume 8> mpy.

(i) If 1 —28f(B8,m,pr) > 0, then the second term equation O.15 is non negative and the first term is increasing in 3 (this is
because 1 —2mpyr f(B8,m,pr) > 1—-28f(8,m,pr) > 0). Since the first term evaluated at 5 =mpy, is positive, it must be positive
for all B8 > mpy,.

(i) If 1 — 28f(B8,m,pr) < 0, then since fOB zf(x,m,pr)de < mpr and foﬁ flz,m,pr)dx < 1, from equation O.13 we have
that G2f(8,m.ps) + mp(BF(B,m,pr) — [ fl@m,pu)de) + (1 = 26f(8,m.p)) J 2 f(@,m,p)de > B2F(B.m.pr) +
mps (B1(8,m,pe) = 1) + (1= 287(8,m,p1) )mpr. = B (8,m, pr.) (8~ mp) > 0.
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kz(TH*TL)

For partially traceable systems let a = P

. Note that « is decreasing in m and since we have already shown that ‘?—mm <0
under full traceability (with a constant «), E,, must be decreasing in m in the partial traceability case as well.
Proof of Proposition 3

Under preemptive EMA with perfect testing, as pP** increases, it is straightforward to see that the threshold n’ =

oy (pmax _ominy, 2 . . . . ; ;
min {n, ’V@H rL)(Pfqt L AL 1—‘ } also increases. Under imperfect testing, since h(1) = p'™ stays constant and h(z) is a convex
Oh'(z)
* Py
and the range in which z”V" =1 also increases.

decreasing function, this implies that

<0 for all . Thus, —h'(1)(rg —r1)/[a(t/n)((n + 1)/n)] increases as pF* increases

Under reactive EMA | we will first prove the results for P,,. Note that we will use p and p;, interchngably in all the proofs that follow.

. RP __ cqtm2 (’)ﬁRP
Under perfect testing, g% = R Thus 5o

=0. Using lemma O.6, we have that a(lgp’") <0 if B4=2ptmp 5 98 _ (g We
P 2p(1-p) op

will show that this is indeed the case for both fully and partially traceable networks. Under fully traceable networks, if cq > (rg —rr)

then P,, =0 as BRP =m. If cq < (ryg — ), 20=2pFmp _ mleaQ=20)tpCy =vL) 1f p < 0.5 then cq(l — 2p) + p(ry — r1) is always

2p(1—p) 2p(1—p)(rg—rL)
non-negative. If p > 0.5 then % — cq is again non-negative since 2:'71 >1and rg —rr > cq from assumption.
For partially traceable networks, if m > W then B%¥ =m and P, = 0. If m < k(rfclq:m) , 5(12;(21{):;"? =
m(cqmt(1—2p)+pk(rgr —rr)) . . kp(re—rr) .
(=P (=) . If p<0.5 then m(cgmit(1l —2p) + pk(rug —rr)) is always non-negative. If p > 0.5 then T —cqmt s
again non-negative since 2:71 >1 and k(rg —rr) > cgmt from assumption.
Under imperfect testing, the threshold is the solution to the following fixed point equation: BEYV = ’C(THC*;TL) - (% —

1) [? da Let —Bomorp) (ko _qy (8 de — B for fully traceable syst d — Ry
) [ @ f(@,m,pL)dz Let g(8,p) ( ) Jo @ f(z,m,pr)dz — B for fully traceable systems and g(8,p)

cq m cgmt

(% -1) foﬁ zf(x,m,pr)dz — B for partially traceable systems.

99 _ _(ﬁ _ 1)8(]66 zf(fﬂampr)dx)

Op m dp
By 3(5 17 f(ac,m,pL)dac) (9([013 IS f(ﬂﬁ,m,pL)dmdt)
—(E - ) 8[7 — ap
(b (B EmpEA 2ty [ 2 mp)mpdty

" 2p(1=p) 2p(1-p)

Z% =-1- (g —1Bf(B,m,p)
4 t—2tp+mp) f(t,m,p)dt

o5 _ (£ - 1)(ﬁf(ﬁ,vn,p;)p((ﬁl(_lgfpwrmp) _ o ;;(13;)( )d )
» L+ (£ = 1B (B,m.p)

Note that we have 7(5 -1) (foﬁ (t —2tp+ mp)f(t,m,p)dt) < B(1 — 2p) + mp. This is because if 0 < p < 0.5 then RHS is always

positive while LHS is always negative and the inequality is satisfied. If 1 > p > 0.5 then

~E (-2 m s = -0 ( [ wep-1) - mp)rempae)

< (- n(Bep-1)-mp) | " smpin) < (1) (52 - 1) o)

<0<mp+p(1—2p)

Adding (£ —1) ﬁf(ﬁ’m”’;ifg(j;)gp)*'mp) on both sides, we get

k (ﬂf<a,m,p><ﬂ<1—2p)+mp> B foﬂ<t—2tp+mp>f<t,m7p>dt)

e 2p(1—p) 2p(1 - p)

B(1—2p)+mp k
B2 tmp B ygi08 mp))
2p(1-p) m
&1\ [ BEBmp)(BA—2p)tmp) _ J§ (t=2tp+mp) f (t,m,p)dt
B (m 1)< 2p(1—p) - 2p(1—p) ) < B —2p) +mp
L+ (& = 1)Bf(B,m.p) - 2(-p)

B(=2p)+tmp -, 98
5 .

. BPTY] .
Using lemma O.6, we have that - < 0 since IS e
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a[ % p ©f(z,m,pr)de

Next we prove results for E,,. Under perfect testing, 8(135‘:7, = 5

af;fgp zf(x,m,pr)dx B 8<f0ﬁ f;o f(z,m,pL)dzdt+f;° ftoo f(ff’mpr)de"dt)

op N Op
8 8 fﬁ flz,m pL)dm) oo 8<ft°° f(z,m,pL)dz)
7/ 5 dt+/ﬁ 5 dt
B(1—2p)+mp o0 t(1—2p) +mp
= s s [ st
_ p=2p)+mp [T t(1—2p) + mp
=B ) +/ femp i

If p < .5 then both the terms in the last equation are positive and we have that % > 0. If p> 0.5, then the first term is

B(1—2p)+mp
2p(1-p)

—m(2p—D4mp [m 0Ey
Wfﬁ (t,m,p)dt = =~ fﬁ (t,m,p)dt > 0 and again we have <2 > 0.

Proof of Theorem O.1

t(1— 2p)+7npdt >

> 0 under perfect testing. Further, f(t m,p) TR

positive since we have already shown % = f(B,m,p)

Let us assume that a subset n, out of a total of n farms are adulterating. Consider a farm 4 that is adulterating at equilbrium.

Then, revenue from adulteration (7!) should be strictly greater than revenue from non adulteration (7% ,). 7i =rgm(1l —p7i™) +

na
rLmpPit — g% (t/n)em — AF(y,m,pP™) and wl, = rgm(l — pPe®) + romppre® — AF (v, m,pP**). Now consider a farmer i’ who

min

is not adulterating at equilbrium. Then, 7¢ > 7. 7' = rgm(l — p™i®) + romp™® — q2etl (¢ /n)em — NF (v, m, and ©i' =
g q na a a pr PrL q— Y prL na

ram(l —pPe®) + rpmpPe® — AF (v, m, p**). Simplfying the two conditions we get the desired result in the theorem.
Proof of Theorem O.2
Differentiating the revenue function for risk averse farmers w.r.t x, we get:

anpF(x) t a2 Amf (ym,m,p)(y(1 — 2h(z;)) + h(z;))

o ——mh’(x)(rH—rL)—chm(in ) — R/ () Sh() (1= h(zn)

?rlVi(z;,x_;) t 2 Amf(ym,m,p)(v(1 —2h(x;)) + h(z;))
2L \FoHF-i) h’ _ v Sy _p” s 5 1T,y
02 mh (@) —re) —quem(T) — A (@) 2h(w:)(1 — h(z:))
=7+ h(z) 2y + () (1 - 27))
- h/ i ZA El kl 7
(z:)*Amf(ym,m,p) 51— h(z))2h(z)?
Note that the first three terms are less than 0 because of the convexity of h(x), and the last term is again less than 0 because
p?ln
1— 2pnnn(1 mm)
is a concave function and we are considering symmetric equilibrium, replacing z* i =z i = z¥ V™ gives us the desired result.

—y+h(z) (27 +h(x)(1—27) > —y+pPin(2y +pPin (1 —2v) > 0 from the assumption that v < . Since 7V (z;,z_;)

Proof of Proposition O.1
Let 7O = 2 BH—rL)®p™ —p
cqt

L™ From Theorem 1 we have that n’ =min {n, [T° — 1]}. From lemma O.6 we have that F(y,m,p) is

increasing in p since ym (1 — 2p) +mp is positive for all p . This implies that A(F (v, m, p**) — F(y, m, pi*)) is positive and T4 > T.

Since n4" = min {n, [T?4 — 1]} and T4 > T we have that nf4" > n*. Similarly, since (7(1 — 2h(x)) + h(z)) is positive for all z,

(y(A—2h(z))+h(x))

PV*
2h(x)(1—h(z)) :

we again have that \f(ym,m,h(x)) is positive. Following the same logic as above, we have that CCRA >

Proof of Proposition O.2

(ra =)+ Af(ym,m, h(z)) DG 2e e inlon min
Define F(z) =z + h'(z) @)AZrE) - Gince y < S J A— by assumption, the func-
[cq(t/n)((n+1)/n)] 1—=2ppn (1 —pp™)

7] h
tion is concave and we have that Tx < 0. Note that [cg(t/n)((n + 1)/n)] is decreasing in n and ofym, m, h(z)) =
n

om
p— 2 — pv
—f(ym,m,p) mO—p) +PUZP) g implies that OF@) .y, By implicit function theorem, OThy _ (aF(m))/(an)* >
2mp(1 - p) on on (0F (2)) /(024 )

Proof of Theorem O.3
For part (i), it is easy to check that farms’ payoff from adulteration is rgm — g(¢/n)cm and non adulteration is r,m. Comparing

the two payoffs gives us the desired result in the theorem.
(m+m(n _ 1) rrLaLpad)
k

, then even if all other farms always adulterate

For part (ii), note that expected payoff for a farm from adulteration is mry — q(t/n) cm and from non

(ra —rr)n
pret(n—1)+1

adulteration is mry. For part (a), It is easy to check that if g(t/n)c <
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(i-e, paa = 1), it is optimal for the given farm to also always adulterate. Similarly, for part (c), it is easy to check that if (rg —rr)n <
g(t/n)c, then even if none of the other farms adulterate (i.e., poq = 0), it is optimal for the given farm to also not adulterate. For
part (b), it is easy to find p.q using the fact that the expected payoff from adulteration should be equal to that of non adultration
at equilibrium.

Proof of Proposition O.3

Checking that E,, is increasing in n is equivalent to checking that p,q is increasing in n because E,, = nmp}**paq = kpP***paq. First,

consider the case when t = n. Consider n, and ns such that n, > n;. We will show that pad > paé for all ny and no. If (rg —rp)n <gqc
(ra —re)n; (

m u—rp)n;] fori=1,2,

then both p'} =p_2 =0 from theorem O.3. Next, if both n; and n. are such that cq € |

n rg—TL)n
> 0. Since n2 > n1, this implies that p'2 > p/'}. Finally, note that since M is
ppr(n—1)+1

. In both the cases it is

0,
then it is easy to check that g;
7(7"11 —re)n for both i =1,2 or (TH —re)m <gc< (TH —r)ne
pmaJ: (nz _ 1) + pmaJ: (nl _ 1) + 1 p'nLaz (n2 _ 1) _|_ 1
easy to check that p)'2 > p'l. The proof for partial traceability follows similarly and we avoid redoing it here for the sake of brevity.

increasing in n, either gc <

Proof of Theorem 0.4

Let x,, be the fraction of ny low quality units adulterated at equilibrium and let ai(nz,:): {1,...,m} be farm 4’s adulter-
ation strategy. then revenue for a farm with n; low quality units is given by 7EY = (m — np + annL)rH + (L — xn, )L —
n Tpny . +En S_inp. —ja_i(np _;) onEV
Yi(nr,i,a—i(ne,—;))em, where y;(np,i,a—i(np,—)) = Q(i) ( L'l) ( L L’_’[ ; L L ]) Note that £ =
n m .,
kv !
np(rg —rr) —cq(t/n)(2nizn, +nLkn [24 nL,_ia_i(nL,_i)]) and o, = —cq(t/n)(2n%) < 0. Since the revenue function is

kn(rg —r
concave, the optimal value of x:L is either at the boundary points or at the FOC. Thus foL =maxz{0,min{l, v (% —
nr, cq
En, _, [24 nL,_ia_q;(nL,_j,)] ))}} Further, note that the optimal value of @}, nr is a constant if the optimal solution is not at

k _
M —E., , [Z_i”L.ﬂ‘a*i(nLﬁi)]D then z*(ny) =1 and
cqt Tt ’

— E"L,—i [ZiinL,_ia_i(nL‘_i)] )) as long as m > ]E"L,—q‘, [ZiinL,_ia_i(nL,_i)]).

cqt
. o . . . nk(ryg —rr)
Since we are considering symmetric BNE, we can rewrite the above FOC to determine the threshold 8 as 28 = B (n—

cq

(fo zf(z, 7,pL)dz+fﬁ Bf(z, 7,pL)dx) Note that maxg {fo zf(z, %, pL dac—l—f Bf(z, 7,pL)dx} mp and it is attained when

nk(rH L)
Tf(nfl)mp) >m

the boundary. Rewriting the condition, we get that if 2n;, < (

1
otherwise it is —(
QTLL

kn(rg —rr)

cqt

B >m.If B =m is a symmetric BNE, then given that 8_; = m, we should get that 3; = m as well. If 3 (

nk(rg —re)

1
then this implies that 8; = m. This proves part (b) of the theorem. If 5( —(n— 1)mp> < m then we can use the

cqt
intermediate value theorem and the fact that the fixed point equation is monotonic in 8 to show the existence and uniqueness of 8
as we did in Theorem 4.

Proof of Proposition 0.4

OE,,
Proceeding in the same way as in proposition 2 first for fully traceable systems, we get that proving o < 0 is equivalent to
m

showing the following:

o< [ smpyts( [ sempies [7 prmpite—mn) + [ rem. iz (0.16)
B m m

0< ) E] d - ) s L d + ) ) d 0.17
w0 ([ s mpin) ([ G -0s@mpode) + [ 56m i (0.17)

Differentiating the RHS w.r.t to 5, we get:

m B 2
Differentiating equation O.18, we get:

~ 5@ (2 [ s mpis [ sem i) = ([7 e ofem it 5) G L (019

We will again consider two cases:
Case 1:Assume 8 < mp: We wish to show that the minimum value of the RHS in equation O.17 for any 8 < mp is greater than

0. Note that the first term in equation O.18 is always non positive. Further, since fl;” (z—pB)f(x,m,pr)dz + f is increasing in 5 and
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it is non-negative at =0 it must always be non negative for > 0. If 8 < mp then %7'8) is also non negative and the second
term is also non positive. Thus since the double differential of the RHS is negative the ?unctizc))n is concave in . Since we are trying
to find the minimum value of a concave function, we only need to check the boundary points. It is easy to check that equation O.17
is non negative when evaluated at 8 =0 and 8 =mp. Thus it must be non negative at all 8 € (0, mp).

Case 2: Assume 8 > mp: Replacing the value of foﬂ zf(x,m,p)dx = mp(1l —p)f(B,m,p) + mp foﬂ f(z,m,p)dx in equation O.16,

and after some algebraic simplifications, we get that a:—mm <0 is equivalent to showing:

B m m B
0< (8=mp) [ smpits [ s mpiie s [T famp)de s mp(—p) £ m e [ 5mpda (0.20)

Note that the second and the third term in equation O.20 are always non negative. If 5 > mp then the first term is also non negative
and thus RHS must be non negative when 8 > mp.

For partially traceable systems, since the aaE—mm < 0 under full traceability, E,, must be decreasing in m in the partial traceability
case as well. This is because partial traceability can only increase risk since traceability factor decreases as n increases.
Proof of Theorem 0.5

At NE, farm 4 chooses z} so as to maximize his expected payoff given the choices of all other farms. Note that o T eprod)

x_; +2S(x; o
—mh/(x)(reg —rL) fqicmS’(mi) (M

only symmetric equilibrium, we have x* ; = 2] = xpy+. Substituting this, and noting that = cannot be greater than 1 gives us the

) . It is easy to check that this is a concave function. Further, since we consider

desired result.

Note that in the second case there are two regions of the S, function. We will compare the optimal solutions in both the regions
and pick the one which is optimal. For the first region i.e. z < 7, differentiating farmers’ revenue w.r.t. x gives us a first order condition
equivalent to one in theorem O.5. Since it is again a concave function, the optimal solution is obtained either at the first order
condition or at the boundary. If z > 7, revenue function increases linearly since the detection probability stays constant while the
revenue from adulteration increases linearly. This implies that if the optimal solution in the first region is at the boundary, the revenue
is always increasing and V" =1 is optimal. This proves the first part. Otherwise we have two points to compare: z* of the first order
condition and z* = 1. Using the symmetry condition, we get that if rgm —cmq(t/n) > mry (1 —h(z*) +mrph(z*) —emq(t/n)Ss (x*)?,
zPV" =1 is optimal, otherwise ¥V =1 is optimal. This proves the second part of the equation.

Because of the piecewise linear nature of the testing sensitivity in Ss, we need to consider four scenarios depending on where
the adulterants in mixed and individual supply lie respectively. For example, if > z;/n < 1/a then detection probability in the
aggregated supply is > z;/n and it is 1 otherwise. Similarly, for farmer i, if x; < 1/« then detection probability for individual
sample is x;a and it is 1 otherwise. Since we are considering symmetric equilibrium, z; = z* for all j at equilibrium. Thus, either
both > z*/n and z* are less than 1/a or they are both greater than 1/a. The revenue for farmer i if z; < 1/« is given by
—i ey

7P =mry —mh(z)(rg —rL) — cmq(t/n)L

- z;o. Similarly if z; > 1/«, then 77 = mry — mh(z)(ry —ry) — emq(t/n). It is
easy to check that w;p is concave in z;. Using the fact that x; = x_; for a symmetric equilibrium, we get that the optimal soultion
oniP

dx;

is either at the first order condition or at the boundary points. Checking that the value of at 1/a is positive simplifies to
c<—=h'(1/a)(rug —rL)/lagq(t/n)((n+1)/n)]. Next, note that «¥ is increasing in  thus z* =1 is a local optimal in this region. Thus
while the revenue function is concave in the first region it is monotonically increasing in the second region. Comparing the optimal
solution in the first and the second region gives us the desired result in the theorem.

Proof of Theorem O.6

We prove the first part when detection probability is modeled as S;. It is optimal for a farm to adulterate only if revenue with

adulteration is greater than revenue without adulteration i.e.

nr + .np, —ia_;(nNr, —;
mrH—q(i) S (%)EnLﬂ |:S1( CRPISY L’; (e, ))} em>mrg —np(rg —rL) (0.21)

Snlra=ry) 1o <%L> E., . [Sl (nL+Z,inL,4a4(nL,fi))] (0.22)

qtem ~ng k
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Notice that the LHS in equation O.22 does not depend on ny,. If we show that the RHS is increasing in nr,, then the LHS and RHS

can only be equal at a unique point. Next, we will show that the RHS is indeed increasing in ny,.

(5 ()

SNty ()5 (2) 20 on
(ML g (DL
8<anS1<Tgn)L Sl(m>> :%S{’ <%)20 (0.24)

The last inequality in equation O.24 follows from the convexity of S. Since equation O.24 is always non negative, it implies that
the LHS in O.23 is increasing in n; and we only need to evaluate the smallest ny to check that it is always non negative. Since

S(0) =0 and S is an increasing function, LHS in equation O.23 evaluated at ny =0 is indeed non negative. Thus we have that

np it>X_inp —ia_i(np )
k

LS(%) is increasing in n.. Finally note that since S(.) is an increasing function and

L

increases as

nptyX_inp,—ia—i(ng, )
k

ny increases, E, _, [S( ]) is also increasing in np. Since both the terms in the RHS of equation O.22

are increasing in np, their product must also increase as ny increases. Thus, since there is a unique point at which the LHS is
equal to RHS, and the RHS is increasing in nr,, farm’s adulteration strategy is indeed a threshold strategy with farms adulterating

only when there low quality units are less than a threshold. We characterize the threshold under a symmetric BNE. If 35 =

m, under a symmetric BNE, then given 85, = m, $° = m should be optimal. This implies equation O.22 evaluated at 3% =m

- 1 m ;T i

should hold true i.e. M > —E,, _, [S (%]) Simplifying this gives us the desired result in part (b) of the
qtem m ’

n(rg —re)

gtem

1 m ;i ;
theorem. If —En, _, [S (%]) then using the fact that all farms have the same threshold at which
m .

n(rg —r
condition in O.22 is satisfied at equality under the symmetric case, we can rewrite the condition in O.22 as follows: % =
gtem

B%S (%) En, _; [S <BSJFZ_L‘"L’*I:M"L’*KBS}]) cm. We will use the Intermediate Value Theorem to show the existence of 3°.

Define F(ﬁ) = /%SS (%9) E"L,_i [S (554’271' nL,,kﬂ{nL,—i<Bs}:|) cm — % for B € (O,m). Note that F(O) = _"(’"CIZ% <0

and F(m) = > 0 from assumption. Since F'(.) is continuous and F'(0) < 0 < F(m), there

iEnL B [S (m+z_£ nL,,iD _ n(rg —rL)
m Tt qtecm

exists SV € (0,m) s.t. the condition is satisfied at equality. Finally, since the RHS in the equation is monotonic in 8°, the fixed
point is also unique.
Next, we characterize the optimal solution in the case when detection probability is modeled by Ss. It is optimal for a farmer to

adulterate only if revenue with adulteration is greater than revenue without adulteration i.e.

t np+2,_;nL,—ia—i(nL,—;
mTH*Q(*) Sy (E)Eu _i {52( AP (s )})CmZmTH*nL(TH*TL) (0.25)
n m ' k
— nr + .np,—;a_;(nNp,—;
@nLin(rH re) > 5, (n—L) Enp [Sz ( APV {2z )]) (0.26)
qtecm m T k
We characterize the threshold under a symmetric BNE. If 8° = m, under a symmetric BNE, then given 8%, = m, 8° = m should
- 1 m i n i
be optimal. This implies equation O.26 evaluated at 3° = m should hold true i.e. M > —E., , [Sz (%])
qtem m Tt

Simplifying this gives us the desired result in part (b) of the theorem.
n(rg —re)
qgtem
finally and LHS is linearly increasing, we have that the LHS in equation O.26 can be equal to RHS only at most

1 m inL —i

If < —E., , [52 (%]) Using the fact that RHS is convex increasing initially and a constant
m ,

two points (the first point is when LHS is convex increasing and the second point is when LHS is a constant). We

will show that both B! and 3* cannot be less than 7m using contradiction. Assume it is indeed the case B' and B
So (%)JEWL —i |:S2 (ﬁl+z*inL’7ia_i(nL’7i)])

n(rg —rw) _ k

qtem Bt

are less than 7m. Using equation .26, this implies that

i
B B AY_inp,—ia—i(np,—4)
S ( m )]E""L,fi |:S2 ( k

Bu

. For all n; € (8',7m), note that S;(“L) is convex increasing and En, _,[]

nt i n ia_;(n i
O e )

nl

is also increasing. This implies that is increasing for all n; € (B8',7m) and
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S, (%l) E"L,—i |:Sz (BL+Z—i "’L,;z‘,a—i(nL,—i>:|) S, (@)EHL,_i [52 <ﬁ“+271 "L,;iafi("L,fi)}>
Bl Bu

thus we have shown that both 8! and 8% cannot be less than 7m simultaneously.

. This is a contradiction and

Finally, we consider the case when detection probability is modeled as S;. We will first show that when cq <
TH —TL k(?"H—’I‘L)
a a(pa(k—m)+m)
]{2(7"1-1 — TL)
a(pa(k —m)+m)

TH —TL

max( ) then always adulterating is indeed an equilibirum. Let us first consider the case when

«

m m
. This implies — < — — (— — 1)mp because ap < 1. If n;, < —, then the probability of detection in both mixed
a T« m «a

ans + (-~ 1)mp)

nro

(pm) (in expectation) and individual supply (p;) is less than 1. This is because p; = L <1 and p, = . <1
m

m m

for all n, < —. It is easy to check that revenue from adulteration is more than revenue from non-adulteration when np = —.

«a «a

m
Further, note that the adulteration strategy when n; < — is to adulterate below a threshold as already proved in theorem 4. Thus,
e

m m m
if it is optimal to adulterate when n; = — then it should indeed be optimal to adulterate for all ny < —. Next, if — <np <
a a

k
k k a(nr +(— —1)mp)
— — (— — 1)mp, then while p; =1, p,, = m
o m k

only when the number of low quality units are greater than threshold. However, since we have already shown that it is optimal

. It is easy to check that in this range, it is optimal to adulterate

m m k k
to adulterate at n, = —, then it should indeed be optimal to adulterate for all — < ny, < — — (— — 1)mp. Finally, note that if
a a m
k k
nr > — — (— — 1)mp, then p; =1 and p,, = 1. This is similar to the prefect testing case we have already analyzed and the adulter-
«a m
k k
ation strategy in perfect testing case is to adulterate above a threshold. Since adulteration is indeed optimal at — — (— — 1)mp, it
a m

k k
should be optimal for all n;, > — — (— — 1)mp. Thus we have shown that it in indeed optimal for this farm to always adulterate when
« m
TH —TL k(’I”H—TL)
el a(pa(k—m)+m)

JTH — TL)>, then as in the previous case, it is optimal to adulterate till

all other farms are adulterating. The proof for the other case when follows similarly. Next, note that

if cq € (max(rH e , k(rm —rr) ),max(ik(rH —rr)
a a(pa(k —m)+m) ma

m
a threshold (8%) when n, <tr=min(— —E,, _, [Eﬂ nL,,,;a,,-(nL,,i)] ,—) as the detection probability in this range is similar
a ’ a

to the imperfect tetsting case we have already analyzed. It is again easy to check that if n; > tr, it is optimal to adulterate above a
cgm(t/n)

TH —TL

threshold (B8Y). Further, note that 8V has to be smaller than because we already know from theorem 3 that even under

cgm(t/n
perfect testing, which has the highest risk of being penalized, farms still adulterate when n > M The two conditions imply
TH —TL

that in any symmetric BNE, equilibrium adulteration strategy is to adulterate below a threshold (8°) and then adulterate above a

threshold (8Y). The exact values of the thresholds in the theorem follow from the symmetric BNE assumption and the constraints
t
that 85 >0 and BY < min(m, M)
TH —TL

Proof of Theorem O.7
First, we prove the result for part (i). Farm ¢ chooses z} so as to maximize his expected payoff 777 =mrgh(z) + mrr (1 — h(z)) —
ecm?zq(t/n). Let us assume that a subset n, out of a total of n farms are adulterating. Consider a farm 4 that is adulterating

at equilbrium. Let x* be the optimal amount of adulterants for farms that are adulterating. Then, revenue from adulteration

i
a

7)) should be strictly greater than revenue from non adulteration (7% ). ¢ = rgm — mh(z*)(rg — r) — ¢22(t/n)em?x* and
(m3) y g ha) Ta q=

’

i
2 at x =0 is greater than 0. Now consider a farmer i’ who is not

T

g

i =rgm—mh(0)(rg —rz). This is equivalent to checking that 88

i =rgm—mh(z*)(ry —rL) 7q"“T+1(t/n)cm2:r* and 7% =rgm—mh(0)(rg —rL).

a

adulterating at equilbrium. Then, i, > i 7
i ’
This is equivalent to checking that % at x =0 is less than 0. Simplfying the two conditions we get, % —1<n,<

nh,(O)(errL

’ 2
prpreyE ) Next, we also know that n’ <n. Thus we need to have MOy —ry)n”

prn — 1 < n. Simplifying this condition gives us
the condition on ¢ for part (a). Condition for part (b) follows similarly from the condition on n*. Finally, in both the cases optimal

xzPP" can be calculated using the fact that 7, = mry —mh(z)(rg —r1) — em?q(t/n)x is concave in x, and the optimal z* is either

the solution to the first order condition or at the boundary point.

The proof for the second part follows exactly in the same way as in theorem 2 with ¢m replaced with ecm?xz. At an NE, farm 4

chooses =} so as to maximize his expected payoff in Equation (2) given the choices of all other farms. Note that o Gieod)

2w; >, x_; +3x? 2> ,x_; +6x;

n n

Er
22PVi(a; 0, t
) an : a::?wjﬂ) =—mh' (z)(rg —rL) — q;cm( ) < 0. Further,

—mh/(z)(reg —rr) — q%cm(
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since we consider only symmetric equilibrium, we have z* , = z7 = zpy+. Substituting this, we get that 7V (z;,z_;) is a concave
function and the optimal solution is achieved either at the first order condition or at the boundary.

For the third part, farms adulterate if rgm — q(t/n)emny > rym —nrp(rg —rr). This simplifies to ry —rp > q(t/n)em.

For the last part, the proof for showing that any optimal strategy in this game is a threshold policy follows exactly as in Theorem 4
and we omit it here for brevity. Using the fact that all farms have the same threshold 3, we have that E,,, _, [Z np, _;a_;(nr, ,L-)] =
(n—1) fo a:f (z,m,pr)dx. Note that maxs {fo zf(x,m pL)d:c} mpyr, and it is attained when 6 >m. If 8 =m is a symmetric
BNE, then given that 8_; = m, we should get that 8; = m as well. This happens when 7(a,8_; =m) > w(na,_; =m), because
it implies that, given that all other farms have B8_; = m, 8; = m is optimal for farm 4. This condition simplifies to cq (%) <

k — t k —
_ klra=re) s proves part (b). I og (,) > krm—r)
m(m+ (n—1)mp) n m(m+ (n—1)mp)
the Intermediate Value Theorem and the fact that the threshold should be the same for all farms in a symmetric equilibrium as in

, it is again easy to show the existence of %Y using

Theorem 4 .

Proof of Proposition O.5

It is easy to check that all the results for both reactive and preemptive adulteration follow exactly as in the above proofs with cm
replaced by cf(m) where f(m) is a convex increasing function. We omit the proofs here for brevity.

Proof of Theorem O.8

We will first write the risk constraint in terms of gt for all the problems. For instance, the risk constraint in the original problem

SRP

for reactive scenarios under perfect testing can be written as P, = fo‘ mp(=p) f(z,0,1)dx < . This constraint can be equivalently
Tl,2 ke —-r - B C 77L2

written as gt > uf*¥ = (%) (% +¢ 1 (1—a) W) using the fact that B%F = m In all the cases, we can

similarly rewrite the risk constraint in terms of gt. Since ¢ <1 and t < n, gt cannot be greater than n. Thus if u? > n in any of the
cases, then the problem becomes infeasible. This proves the first part of the proposition. Now if u? < mn, then note that since cost
is increasing in both ¢ and ¢ and P,, decreases as q or t increases, the risk constraint will be strict in all the cases and qt = u/ at

u

optimality. We can thus replace t in the problem as “? and rewrite the problem as
q

. u? u;
w00 = min {1+ 9(5) | ac 0.1, }, (027)
q q n
B(1(q) g L . . 02 (1(q)+g( 2L u2 s s ws
Note that W =1'(q)— Z—;g’(%) and % =U"(q)+ 9" (-1)+2-49'(=}) > 0 since l and g are convex increasing

functions. This problem is just a constrained convex optimization problem. Thus the optimal solution is either at the point where
%{;(%)) =1'(q)— q2 g ( ) 0 or at the boundary points i.e. ¢ =1 or ¢= "*1. There are three cases:
(i) Case 1: If /(1) —uig’ (uﬂ) < 0 then setting g to 1 is optimal since cost is always decreasing in g € [%, 1]. Thus (¢*,t*) = (1,u1)
(ii) Case 2: If g’(n) < Z—;l’ (%), then setting ¢ to be minimum is optimal since cost is always increasing in ¢ € [“—nj, 1]. Thus
(¢",t) = (2 n)
(iii) Case 3: If I'(1) > ¢g’(u?) and ¢’(n) > Z—;l' (UT) there exists ¢ where f'(q) — :—219’(“71) =0 and that ¢ is optimal. Simplifying,
we get ¢* :\/% and t* = q—z.
Proof of Proposition O.6
From Theorem O.8, we know that if ﬂ > 1, then the manufacturer’s problem with n suppliers is infeasible. It is easy to check that ﬁ is

increasing in n for all cases and we present the proof only for * Y here for the sake of brevity. Define d = cmp—+cop~! (a)y/mp(l —p)+

(% —1) Cf[) zf(x,m,pr)dz. Then % = w using the fact that m = Z' Define h=p+ ¢~ ()Y gf/lmp We will show that
od
o 2> 0.

9 _ p(l-p) Kk [° k 8 [°

oo =0 @Y= [ mopu e+ (-0 2 ([T apemopi)ie)

—hf—/ 2 e po)de+ (5 1) ( 57/ (e mpe)de) +/ )/ m)

2m
:h—i/o xf(z,m,pL)dw+<%—1)(5§%+/f wa@

m?2 2m
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=t [ e+ (2 -0) (7RI )

2m
8 B8
=h+ 2/ (mp,z)f(xympr)dm,/ (t+mp)ft,m.p) .,
2m?2 J, 0 2m
8
0= 220 B [ - ) f(a s, pr e
2m 2m? J,

B fb‘l(a)\/mp(l —p)+2mp

k B
+ / (mp — 2)f (2, m,p1)da
2m? J,

- — 8
o \/ 1§ p p! a)\/mzzJ(l p)+2mp+i2/ (mp — ) f (z,m, pr)dz
m 2 o
k

]
/ (mp — 2) f (2, m, pr)dz

- 2m?

>0

The last inequality follows because ¢! (a) <0 for a < 0.5 and thus 8 < mp. Finally, since d is increasing in m, d is decreasing in n.

J
Now let us assume that the manufacturor’s problcm is infeasible for SCp, then HJL > 1 by Theorem O.8. But since ng > nr,

J u?, u?,
and “: is increasing in n, we have that : > L > 1 This proves the first part of the proposmon Slmllarly if we assume that

the manufacturer’s problem is feasible for SCy, then :H <1 by Theorem O.8 and we have that "L < "H < 1. This proves the

second part of the proposition.
Next, we prove the third part of the proposition. From Theorem O.8 we also know that for any value of uJ, there are three

possibilities for optimal solutions. We will consider ny and n; and compare optimal solutions for all the nine possible cases. Let

" and Un be the value of the constant uiL for ny and n respectively. Note that Uny <Ung since a’fj < 0. We will show that

Un n

and t* <t*

in all the cases q,,*LL < q:H np Stng-

Let’s first assume that (q;; %5, ) = (1,uny ). There are three possible solutions for nr.

(1) Case 1: (g;,,t,, ) =(1,un,) then since un, <un, we have g and t;, <ty

g
=a,,

(ii) Case 2: (g;,, ,t5,)=( unL snr) If wny >nyp then we are done since g, <g;;, and t; <t . We will show that un, <nr

7L2
is not possible by contradlctlon Assume that unH <ng.If(q;, .t;, )= (X2L n,) then this implies I’ ( ) ——L-g'(ny)>0
nr "L

from Theorem O.8. Also since I is convex and 2L oy <1 from feasibility conditions, we have I’(1) > U’ (HT:'—LL) Similarly since

TL2 . . . Un
g is also convex, un, <nr and 1 <z W’ nLL g'(nr) > uan'(u"H)' This implies I'(1) — “an/(U"H) > l’(TLL) _

u

2
—L-g’(ny) > 0. This is a contradiction because we have I'(1) —un ' (tn ) <0 from the assumption that (g;,,t5,) = (1, uny ).

. [un, ' (ung /a*) un . _— un
(iii) Case 3: (an,t )= ( %’ —# ). We have that ¢; <g;, =1 We need to check if t; = —ZF <wn,. Let

h = —L . Note that if we show l’(h) — "L g ( L) <0 then ¢ > h because we are minimizing a convex function whose
nH

1"'27.
derivative is less than 0 at h. We have I’(h) — “}'L}L g (u"L ) <0 because I'(h) — u;LLZL g (u"L )= U (nhe) — gl (y,, ) <

Un g Uny,

(1) —tny g’ (tny ) <O0. The first inequality follows because h < 1 and the second inequality follows from the assumption that

(@ t7) = (Lt )

Now let’s assume that (q;; ¢, ) = (i'i

*H

un n2 ,
q;‘LL,t;*LL) = (L,un, ), then /(1) — un, g'(un, ) <0<V ( H) H_g'(ng). Also note that un, <nu

Un g

,ng). We will consider all the three possible optimal solutions for n,.

(i) Case 1: Let’s assume (

and u,; <ny <ng from feasibility conditions. This implies (1) > I' (unH) and un; g'(un; ) < WQI(TLH)- Thus I'(1) —
Un n2
g9 (1) > () - 2

g’ (ny) which is a contradiction.
j

’
(i) Case 2: (g, ,t5, )= = Z"L ,nr). We have already shown that 22 >0 and this implies % < u"—: We also have ny, < ng

by construction.

(iif) Case 3: (g, ,t5, ) = (1/ %, ). We need to show q;,, < n"—; and ¢}, <npy. We already have ¢}, <np <ng.
n2

We also have l’(u:—:') - UWH L ny). Let h = uﬂ"—}f Then h <1 because the problem is

) > 0 because (g,,t5) = ( o
feasible for m. Since ny > 1 and un; < Uny

()

Un T’-2 . . . Un Un
(=) < f]’{ g'(ng). This implies I'(h) — —¢' (L&) >

— up h

ungy
) >0 and thus ¢, < L.
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Un (l Un * Un . . . . .
Now let’s assume that (q;, ., ¢, ) =(4/ %, —+=)- - We will consider all three possible optimal solutions for m/'.

(1) Case 1: Let’s assume (q;,, ,t;, ) = (1, un, ) then I'(1) —un, g'(un ) <O. Further, we also have that l'(q;, ) — Z;Z g’(:;%g) =0,

@y, <1 and unp, < uny. This implies (1) > U(g;,,,) and un, g'(uny,) < %g’(?—”). Combining the two we get that
ny ni

Uan,,) — :;2 g (::H ) <U(1) = uny, g'(un,) <0. This is a contradiction because we have that I'(g;, ) — :;2 g/(:fiH) =0.

Thus this case is not possible.

(ii) Case 2: Let’s assume (q;, ,t;, )= (“nL nL) We will prove that g > % and m > ny. We have already shown that

Ung

< ”"TI; By feasibility,

np — Uy = nyg — LL
LLog'(ny) < —L-g’(ng). This implies that I’ (m) L g (np) >0 (U"L) "L g’(n1) > 0. The last inequality follows
nr

Un Ung Un pp

> “rm o> tnp —L-. Further note that since un, > unL we have that U’ (unH) > (uﬂL) and

because we have assumed that (g}

ahtn, )= (u"L ng). Thus we have shown that ¢}, < u:f .This implies that ¢}, = u:*H >

nr as well.

K ’ n * n . . .. .
(iil) Case 3: (g5, ,tn, ) =(y/ W, %) Using implicit function theorem,

g _ Gl () g ()]
om - 1(q)+ wég(%w%g(“—")

q

oud

Since 1 and g are convex functions all the terms in this expression are positive except 3

which we have already shown

is non positive. Thus 86‘1 < 0 and this implies that g¢; < g; . Next we will show that ::LL < u;H. Since Un < Unj,
nr "
2

2
. 9’(";711) < g (*“H). This implies that I’ (u"Lqm) - LI{Q (e <

Ung Ay ar, Un g dr, an,

we have that I'(q5,) <l (m)
ny

— g (i = x oy Unpm . «
U(qz,) L9/ ( oy )=0 Thus q;, > - which proves that ¢, <t
Thus we have shown that in all possible cases optimal ¢ and t increases as n increases.
Proof of Proposition O.7

We will consider perfect testing case first. Let (g

@y otn ) be the optimal solutions for SC,,, and (q;‘LL ,thL) be the optimal solutions

for SCy,. Note that E,, = % f; f(z,m,pr)dz and B = % There are two cases to consider:

(i) If t;, <nr then g; <1 then (q;,,t;,) is a feasible solution for SCr as long as En.,(q,,,t,) < a. Since a <
nf% xf(x,m,pr)dr we have that ‘Zt/"iﬁ)m)" > mp/3. From proposition 2, this implies that 2£2 > 0. Thus E., (¢}, t}) <
Eny(an,, th,) <o and (g;,,,t,,) is a feasible solution for SCr. Since (g;,, ,t;,, ) is the optimal solution, this implies
T () STl ) ST s,

ii) If ng > tX > nr then we have that (¢* ,t* is infeasible for SCL. We will prove by contradiction that we

’VLH ’VLH 'LH

can find a t' < ngp st. (g;,,t') is feasible for SCL. Assume there does not exist a ¢’ < np st (g;,,t') is feasi-

ble. This implies that ng [ ckaf zf(z,k/nr,p)dz > a since (g, ,nr) is also infeasible. Further since t;, < ng

np(rg—rp)
we also have that ng [ cha zf(z,m,pr)de < o. This implies that E,, = nyg [ cha zf(z,k/nm,pr)dr <

ng(rg—rL) nH(TH*TLG)
nr f qu"H xf(x,k/nL,p)dr = E, . This is a contradiction since by Proposition 2 we know that E" > 0. Thus we have

that a feas1ble (g, -t") for SCL exists. This implies m,, <l(q,; ) +91") < f(g},,)+9En)=mny.

The proof follows similarly for imperfect testing scenarios since we have already proved that 68% >0 in proposition 2.
Proof of Proposition O.8
From theorem 1 and theorem 2 we already know farms’ equilibrium adulteration strategy. Note that n} can be equivalently interpreted
as a mixed strategy equilibrium with each farm adulterating with probability n/n and not adulterating otherwise. The total
(expected) amount of adulterants in the two cases are just kn?/n and kzPV™. If ¢ < —h/(1)(rg — 7.)/[q(t/n)(n + 1)/n], then we
have that n* =n and 27" =1 from theorem 1 and theorem 2. Thus all farms adulterate to the maximum level. The result for the
remaining parts in the proposition follows similarly by comparing the two values under different values for c.
Proof of Theorem 0.9
If c< —h'(1)(rg —r1)/[q(t/n)(n+1)/n], then we have that all farms adulterate to the maximum level from theorem 2. This implies

min

that the realized low quality likelihood for all farms is p7*‘". Since we have assumed p7*"™ = 0, none of the farms will have any low

t
quality units and the reactive EMA risk is 0. Thus RY = R] . Next, note that if ¢ > (rg —rz)/[q(t/n)]3"" = cqm(t/n) >m and
—r

reactive EMA risk is again 0 from theorem 3. The result in the theorem then follows directly from proposition O.8.



