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1 Baseline Model

1.1 Model Overview

We characterize each firm by 6, which represents firm characteristics such as managerial skill,
size, energy type, equipment or ownership, and is correlated with the firm’s emissions and
participation choice. Let a firm’s abatement cost be a function of firm characteristics and
emissions, i.e, F(0,e), where e is the firm’s emissions due to its choice of input bundle. Let

Abatement costs decrease

the firm’s marginal abatement cost function be f(6,¢e) = %.

with emissions, so f(#,e) < 0. Marginal abatement cost decreases as the amount of abatement

decreases, which is equivalent to assuming the marginal abatement cost function is an increasing

function of emissions, so % > 0. For simplicity of illustration, # is a scalar and denotes the

“abatement efficiency” of the firm (Zhou et al., 2020). Specifically, a higher value of § means

lower total abatement cost and marginal abatement cost at any emission level, so % < 0 and

9%F(0,e)
0edl

> 0.! Because lower e means more abatement, these assumptions imply that both total
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abatement cost and marginal abatement cost increase with every one additional unit reduction
of emission.

The firm’s total pollution cost function is

C(xz,z,e,p) =R(x,e) + M(z,e,p) (1)

where p is the firm’s participation status with p = 1 representing participation in the voluntary
program and p = 0 representing non-participation. R(z,e) is the emission cost due to regulation
pressure, and M (z, e, p) is the emission cost from public pressure. e is the firm’s emission level,
x is a vector of firm and regulator characteristics determining regulation pressure, and z is a
vector of industry and stakeholders’ characteristics related to public pressure, which includes
industry reputation, media and press releases, market share of green consumers and investors,
and local communities’ characteristics.? Similar to 6, for simplicity of model illustration, = and
2z are scalars representing the stringency of regulation pressure and public pressure.? A greater
value of  and z means the firm faces more stringent regulators and stakeholders with regards to
its environmental performance. For the regulation component of emission cost, we assume that
% > 0 and %—g > 0. For the public component of emission cost, we assume that %—J\Z/[ > 0 and
‘98—]‘64 > 0. The relationship between M (z,e,p = 0) and M (z,e,p = 1) is ambiguous depending
on the value of e.

We disaggregate M(z,e,p) so that C(x, z, e, p) becomes:

C(z, z,e,p) =Ro(x,e) + My(z,e) + p(Mp(e) + G(e)), (2)

where Ro(x,e) and My(z,e) are the pre-program (also non-participation) emission costs due
to regulation and public pressure, respectively. Mp(e) is the change in the public pressure

component of emission cost associated with the positive environmental signal provided by the

2This is a simplified model. In reality, the elements in 6, z and z may contain overlapping elements. In the
absence of pre-existing regulation pressure, x takes the value such that R(z,e) = 0 for all e.

3We assume 6, x and z are scalars because it ensures independent variations across the three functions.
Without independent variation, suppose there is a single variable k£ that affects both the marginal emission
cost and the marginal abatement cost. Then a marginal change in k causes both the marginal emission
cost and the marginal abatement cost curves to move together, and the marginal effect of k on emissions
is ambiguous. In the theoretical model we assume that such variables are fixed so that we can derive the
comparative statistics. In the empirical analysis we condition our outcome on such variation (i.e., HAP/TRI
Ratio).



firm’s participation in the program, so Mp(e) < 0. The information disclosure engendered
by the voluntary pollution abatement program can be leveraged by public scrutiny and raises
the public pressure on participating firms if their environmental performance is worse than the
public expectation. This additional change in the emission cost is captured by G(e), which is
non-negative and increases in e.

We make the following assumptions regarding each component of the total pollution cost
function. First, we assume that the pre-program total and marginal emission cost from regula-
tion pressure increase both in the effectiveness of regulation pressure x and in the firm’s emissions

€, so that aR%(f < > 0, am(;f < > 0, a&)ai(me) > 0, and 8r0(m > 0, where ro(z,e) = aROa(em’e).

Second, we assume that the pre-existing total and marginal emission cost from public pressure

. . . . . O M
increases in the effectiveness of public pressure z and the firm’s emission level e, so % > 0,

amg(j’e) >0, aMgS’e) > 0, and Mgi(:e) > 0, where mg(z,e) = aMgg e, Third, we assume that,

holding constant the risk of being label a greenwasher, there is a decline in public pressure if
the firm chooses to participate in the program (a downward shift to MC} in the main paper
Figure 1). However, the decline is smaller when emissions are low than when emissions are

high and it gradually converges to zero with emissions, so that 8MT’Z(6) < 0 and amTi(e) > 0,

OMe(c) 8G(e)

> (0 and 89(6) > 0, because

¢, Fourth, letting g(e) = 252 we have

where mp(e) = D>

the change in the cost of emissions due to the additional public scrutiny of participants is an

9C(z,2,e,p) :
~9e¢ Z O, since

increasing function of firm emissions. All the assumptions are subject to
the marginal emission cost is always non-negative. Therefore, the marginal emission cost can

be written as

c(x,z,e,p) =r(z,e) + m(z,e,p) (3)
:7’0(1'7 6) + mo(z, 6) + p(mP(e) + g(e))

W > 0, regardless of the participation status p.

Based on the above properties we have,
That is the marginal emission cost is increasing in emissions regardless of whether the firm par-
ticipates in the program or not. Should the firm choose to participate in the voluntary pollution
abatement program, the portion of marginal emission cost generated by the public scrutiny of

its environmental performance increases rapidly with emissions, such that it eventually exceeds

the difference between MCy and M C} in the main paper Figure 1 at some threshold emission



level (labeled by e” in the main paper Figure 2). Accordingly, we have the following property:

dg(e) omp(e)
de - de ' (4)

and c(z,z,e,p=1) > ¢(x,z,e,p = 0) if and only if e > ¢”.

The firm makes participation and emission decisions to minimize its total environmental
cost described above. As mentioned in the introduction of the paper, we define a participating
firm to be a free-rider of the voluntary pollution abatement program if its emissions are higher
as a participant than as a non-participant, shown as the type 2 firms in the main paper Figure

2.

1.2 Optimal Emissions

A firm seeks to minimize its total environmental cost D(6,z, z, e, p), which is the sum of total
abatement cost, total emission cost, and a fixed cost if the firm decides to participate in the

voluntary pollution abatement program:

min D(0,z,z,e,p) = F(0,e) + C(z, z,e,p) + pcr, (5)
€7p

where cp is the fixed cost of participation. In the first stage the firm identifies its optimal
emissions, €*(0,x, z, p), under both participation and non-participation, according to the first

order condition

f0,e) 4+ c(z,z,e,p) =0, = €e" =e*(0,z,z,p). (6)

The optimal emission level e*(0, z, z, p) is determined by continuous variables x, z, # and binary
participation status variable p. Based on our assumptions and model properties, we have the
following comparative statistics describing the marginal effect of each variable on the optimal
emission level. First, for the continuous variables x, z and 0, it can be shown that % < 0,
% < 0, and % < 0 (see Appendix 1.4.2). In other words, our model indicates that regardless
of participation status, firm’s emissions decline when there is an increase in regulation pressure,
public pressure, or abatement efficiency. The impact of the binary participation variable p on

the optimal emission level is labeled the participation effect, and depends on the threshold



emission level €’ at which MCp crosses MCp, so that
C(x,z,e”,p: 1) :C(x,z,e”,p:()), (7)

which is equivalent to mp(e”) +g(e”) = 0. Let eV = e*(0,2,2,p = 0) and e’ = e*(0, 2, 2,p = 1)
be the two potential optimal emission levels for the same firm under different participation sta-
tus, and Ae*(0,x,z) = e*(0,z,2z,p = 1) — e*(0,x,z,p = 0) be the difference between these two
potential emission levels or the participation effect. It can be shown that eV > ¢” if and only if
el > ¢’ and eV < ¢’ if and only if e’ < €” (see Appendix 1.4.3). Let &(6,x, z) be the observed
emission level regardless of the firm’s participation decision. In particular, é(6, z, z) = e? if the
firm participates, and é(0, z, z) = €'V if the firm does not participate. Because (0, z, z) is a spe-
cial case of e*(, x, z,p), it has the same properties as e*(6, z, z, p): % <0, % < 0, and % < 0.
It can be shown that Ae*(0,z,z) < 0 if and only if é(6,z,z) > €”, and Ae*(0,z,z) > 0 if and

only if é(0, z, z) < €” (see Appendix 1.4.3 for proofs). These results lead to our first proposition:

Proposition 1. There exists a threshold emission level e” such that firms with emissions
lower than e” emit more pollution if participating than not participating in the voluntary pol-

lution abatement program, and vice versa (see Appendix 1.4.3 for proofs).

Proposition 1 identifies the free-riders of the voluntary pollution abatement program: these
are the firms with pre-program emissions less than e” that have higher emissions if they choose

to participate than if they do not.

1.3 Participation Incentives

A firm makes its participation decision by comparing the optimal total costs under participation

versus non-participation. If the firm participates, the optimal total environmental cost is

DY = F(0,e)+ C(z, 2,0, p=1) + cp

=F,e"(0,z,z,p=1)) +C(z,z,e"(0,z,2,p=1),p=1) + cp.



If the firm does not participate, the optimal total environmental cost is

DN = F0,eN) + C(z,z,eN,p=0)
(9)
=F(0,e"(0,z,2,p=0)) + C(z,z,e"(0,z,2,p=0),p = 0).
Denoting AD* as the difference in the optimal cost between non-participation and participation,

we have

AD* :<F(0,6N) +C(z,z,eN,p= O)) - (F(H,ep) +C(z, 2z, p= 1)) —Cp. (10)

A firm will participate if AD > 0, and will not participate if AD < 0. A larger AD implies a
greater participation incentive. Recall that é(0, z, z) is the firm’s emissions regardless of partic-
ipation status. Applying the envelope theorem, we obtain the following results. If € > ¢”, we
haveMTD Oa >0and8AD>0 Ife<e,wehaveM—D<08 <Oand8AD<O

(see Appendix 1.4.4 for details). In conclusion, our model gives the following proposition:

Proposition 2. If the outcome emission level € < €”, then a marginal decrease in “abatement
efficiency”, regulation pressure or public pressure, ceteris paribus, increases the probability of

participation, and vice versa.

1.4 Proof of Propositions
1.4.1 Properties of abatement cost function

Let a be the quantity of abatement, and € be the maximum emissions. Then e = € — a and the

abatement cost function can be written as
F(8,e) =F(0,e — a).

The abatement cost increases in abatement but decreases in “abatement efficiency”, so that

% > (0 and W < 0. Furthermore, we assume the marginal abatement cost increases

02 F(9 e a) 9%F(0,e—a)

in abatement, but decreases in “abatement efficiency”, so that >0, =555 <0.




Because e = € — a, % < 0, we have the following equations:

_0F(0,e) O0F(0,e—a)da

f(97 e) - ae - aa % < 07
df(0,e) 0?°F(0,é—a) (0a\>2
de Oa? (%) >0,
0F(0,e) O0F(0,e—a)
0~ oo "
O*’F(0,e) 82F(0,é—a)@ -0
Dedd 0adl Oe '

1.4.2 Comparative statistics for continuous variables

Taking the first derivative of equation 6 with respect to continuous variables (z, z, 6,), we get:

0 Oc(x, z,€*,p) Oe* n of(0,e*)0e*  Of(0,e*) 0
’ de* 00 de* 00 o0
Oc(x, z,e*,p)de*  Of(0,e*) de*  Oro(x,e*)
. RE = 11
v de* oz T 0 oz T ox 0 ()
. Oc(z,z,e",p) 0e*  Of(0,e") Oe* n Omo(z,€*) 0
= de* 0z dex Oz 0z -

This leads to the following results:

o lzien) g 00 o ang B 5 0. 5 25 <,

de(x,z e, 0 (0, Zrofe, 3
o HEZCD) 5 0, 2T 50, and XY > 0. - G2 <0,

e

86(:1:7276717) 8f(9’e) amO(Z)e) Oe*
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1.4.3 Comparative statistics for participation status and proof of Proposition 1
Because p is a binary variable, we use the following integral to show how each term in equation

6 changes due to the change of p between 0 and 1:

l.p=0—-p=1:

P P
¢ de(x,z,e,p=0) < 9f(8,e) P P B
/eN 5 de—l—/eN P de—f—[c(x,z,e ,p=1)—c(z,ze ,p—O)] =0,

(12)
2.p=1—=p=0:

N N

(& :1 e
/ dc(x, z,e,p )de +/ af(6,e)

d N N
- A = — — 1 —
p Je B Je e+ [c(:z:, z,e . p=0)—c(x,z,e" ,p= )} 0,




Because W > 0 and % >0, Ae*(0,7,2) = el — eV < 0 if and only if

BP _ €P
/ ac(x7zae7p_0)de+/ a!f(07e)de<07

N Oe N de
or (13)
€N _ eN
/ ac(xaza€>p_0)de+/ af(g,e)d€>0,
oP Oe oP Oe

which is equivalent to

C(‘T7Z76P7p = 1) - C((L‘,Z,GP,p = O)
=mp(e”) +g(e") > 0,
or (14)

C(CC,Z,@N,p = O) - C(J/‘,Z,QN’p = 1)
Ny My <o.

=—mp(e") —g(e

Omp(e)
T Oe

When emissions are at the threshold €”, we have g(e”) = —mp(e”). Besides, 8%(:) >
Therefore, for any é > €” it is always true that g(é) > —mp(é), and vice versa. It can be proved
that eV > ¢” if and only if e > ¢”, and eV < ¢” if and only if ef’ < ¢”, because the two
conditions in equation 13 and 14 are equivalent to each other.

Since eV > € and e’ > €’ are equivalent, !V < €’ is also equivalent to e’ < ¢”. Regardless
of the observed emission level é, we always have Ae*(0,xz,2) < 0 if and only if € > €”, and
Ae*(0,z,2) > 0 if and only if € < €”. In other words, e > ef if and only if é > €”, and

el < ef if and only if € < €”.

1.4.4 Proof of Proposition 2

Using the envelope theorem, we have the following properties:

* OF (0,e* " " * OF (0,e*
G =T+ 0 + elwz e p)) Gy = P <0,

o OPL = DAL 1 [£(0, %) + c(w, 2, ¢%,p)] o = 2 >,

o 9 = R L [(0.¢") + ela, et p)] B = PR >0,

Let AD* = D*(0,x,z,P =0) — D*(0,x,z, P = 1). Then we have

OAD*  9Ry(z,e) B ORy(x,el)

15
Oz Ox Ox ’ (15)




OAD*  9F(9,eN) B OF(6,ef)
06 Ox ox '

OAD*  OMy(z,eN)  OMy(z,e")
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We show in Appendix A.3 that é > ¢’ is equivalent to eV > ef, and é < €’ is equivalent to

el < ef. Thus we get the following results:

2 * . ~ * . ~
e Because 3?27(%@ > 0, we have 8%5 >0if e >e’, and MTED <0ife<e’.

2 - * . ~ * . ~
e Because 88};%9;) > 0, we have d%g >0if e >e”, and ‘%Tg) <0ife<e.

82M0(Z76)
0z0e

> 0, we have 222° > 0 if ¢ > ¢”, and 222" < ifé < €.
’ 0z 0z

e Because

2 Model Extension 1: Reallocation of Regulation Resources

Under a reallocation of regulation resources, the regulation pressure experienced by a firm
changes, regardless of whether the firm participates in the voluntary pollution abatement pro-
gram or not (though the direction and the magnitude of the change may be different). The
firm’s total pollution cost function then becomes

C(x,z,e,p) =Ro(x,e) + Mo(z,¢€) (18)

+p(Rp(e) + Mp(e) + G(e)) + (1 — p)Rn(e).

Rp(e) and Ry (e) represent the change in emission cost due to the change in regulation pressure.
Under participation, the firm experiences a decrease in regulation pressure (a downward shift
from MC p to MCp in Online Appendix Figure A.1), and the shift is greater when emissions
are lower and gradually converges to zero as emissions go to infinity. So we have Rp(e) < 0,

M%;(e) <0, and 67"5%6(63) > 0, where rp(e) = aR{; (©) ' Recall that under non-participation, the firm

will experience an increase in regulation pressure (a upward shift from MC N to MCpy Online
Appendix Figure A.1), and the shift is larger when emissions are higher. So we have Ry(e) > 0,
M%e(e) > 0, and argie(e) > 0, where ry(e) = M%e(e)' Again, these additional assumptions are

subject to w > 0, since the marginal emission cost is always non-negative. Therefore,



the marginal emission cost can be written as

C(l’, 2 €7p) :T({L', e,p) —+ m(zv €7p)
=ro(z, €) + mo(z, €) + p(rp(e) + mp(e) + g(e)) (19)

+ (1 =p)rn(e).

Let AMC"(e) = rn(e) — rp(e) — mp(e), then we have the following property:

dg(e) - IAMC" (e)

20
Oe Oe ’ (20)
and c(z,z,e,p=1) > ¢(x, z,e,p = 0) if and only if e > €”.
A firm seeks to minimize its total environmental cost
e7p
and the first order condition is
f0,e)+c(z,z,e,p) =0, = €* =€*(0,x,z,p). (22)

Similar to Appendix 1.4.3, Ae*(0,z, 2) = ef’ — eV < 0 if and only if

c(x,z,eP,p =1)— c(x,z,eP,p =0)

=rp(el) + mp(e?) + g(ef’) — rn(ef) > 0,

or (23)

c(m,z,eN,p:())fc(az,z,eN,p:1)

=rn(eV) = rp(e") = mp(e") — g(eV) <0

Recall that we use AMC”(e) to represent the gap between marginal emission cost under par-

ticipation and non-participation without considering the cost of being labeled a greenwasher.

10



Equation 23 is equivalent to

g(ef) > AMC" (D),
or (24)

g(e™) > AMC"(eM).

When emissions are at the threshold e”, we have g(e”) = AMC"(e"). Besides, 8%(:) - aMaLe”(e) >

0. Therefore, for any emission level é > ¢” it is always true that g(é) > AMC”(é), and vice
versa. It can be proved that eV > ¢” if and only if ef’ > ¢”, and eV < €” if and only if e”’ < €”,
because of two conditions in equations 13, 14 and 24 are equivalent to each other. Therefore,
Proposition 1 holds in this extension.

A firm’s participation incentive is
AD* :<F(l9,eN) +C(z,z,eN,p= 0)) - (F(O,ep) +C(z, 2z, p= 1)) —cp. (25)

We have the same result as the baseline model about the participation incentives, and proposi-

tion 2 holds (proof is same as Appendix 1.4.4).

3 Model Extension 2: Abatement Technology Innovations and

Spillovers

In the baseline model, 0 represents firm characteristics related to the firm’s abatement tech-
nology. Instead of assuming 6 is given exogenously, here we allow it to take different val-
ues depending on the firm’s participation status: 6 € {6, 6xn,0p}, which represent the firm’s
ex-ante, non-participation and participation abatement technology, respectively. We assume
Op > Oy > 0y.

Technology improvement affects the marginal abatement cost, but does not affect the marginal
emission cost. Since Ae*(6,z,2) = e*(0p,x,2,p =1) —e*(On,z,2,p = N), the two equivalent

necessary and sufficient conditions that Ae* (6, z, z) = ef’ — eV < 0 become

g(e”) = AMC"(e”) > f(On,e") — f(Op,e"),
or (26)

AMC"(eN) = g(eN) < £(Bp,eN) = F(O, V).

11



This implies the emission €”, i.e., the emissions at Xyp in Figure 2 in the main paper, is no
longer the threshold level that differentiates participating plants’ emission changes (as it was
in the baseline model without technology spillover). Instead, there is a different emission level
es, which makes AMC"(e4) — g(e) = f(On,€%) — f(Op,€%) and is the relevant threshold that
differentiate participating plants’ emission changes. Because f(fy,e) > f(0p,e) at all emission
levels, MC"(el) > g(el) and €} < €”.* 1.4.3). Empirically, if the model does not differentiate
between 0 and p (as in the baseline model), then the grid search used in estimating the main
paper equation 1 will identify e rather than e”. This will result in a mis-classification of plants
between types, and we will observe that type 2 plants with emissions between € and €” also

decrease emissions when participating, therefore being mistakenly categorized as type 1 plants.
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