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ABSTRACT

Conservation programs administered by USDA have traditionally been voluntarv, with
USDA providing technical and financial assistance to farmers. This tradition is continued in the
Federal Agriculture Improvement and Reform Act of 1996. Under these programs. farmers
commit themselves to adopting a land management practice and. in turn. the government
provides technical and tinancial assistance. Our analysis suggests that these voluntary programs
are more efficient than a program that mandates adoption if and onlv if the per acre social cost of
vovernment expenditures under these program 1s less than the largest per acre farmer loss under
the mandatory approach plus the additional implementation and enforcement cost. This
necessary and sutficient condition 1s likely to be satistied when (a) the deadweight loss trom
raising the government revenue is zero or small. (b) a large proportion of government services 1s
public goods. (¢) the area the program targets is large. (d) the price of government services 1s
lower than what farmers would have to pay for equivalent private services, (e) the maximum per
acre loss under the mandatory program is large. and (f) the monitoring and enforcement cost is

much larger for the mandatory program than for the voluntary program.
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THE RELATIVE EFFICIENCY OF VOLUNTARY VERSUS MANDATORY
ENVIRONMENTAL REGULATIONS

The trend of increasing government invoivement in designing and implementing
environmental programs in the agricultural sector continues with the Federal Agriculture
Improvement Act of 1996 (FAIR). The Act reauthorizes Conservation Compliance. the
Conservation Reserve Program. and the Wetlands Reserve Program. which were all established
n previous farm bills. [n addition, FAIR establishes the Environmental Quality Incentives
Program. FAIR requires the Secretary of Agriculture to implement these programs by providing
rechnical and financial assistance to tarmers and by entering into contracts with owners and
operators. [t authorizes the Secretary to “provide technical assistance. cost-share pavments. and
incentive payments to producers . . . based on (A) the significance ot the soil. water. wildlite
habitat. and related natural resource problems in a watershed. multistate area, or region: and (B)
the structural practices or land management practices that best address the problems, and that
maximize environmental benetits for each doilar expended. as determined by the Secretarv™
{Subtitle D of Title [II. FAIR). A common characteristic of these Department of Agriculture
{USDA) programs is that they are voluntarv.

[n addition to USDA involvement. the U.S. Environmental Protection Agency (EPA)
programs also atfect agriculture. A common characteristic of numerous EPA approaches 1s that
thev are mandatory. Examples include the Clean Water Act. the Clean Air Act. and the Federal
[nsecticides. Fungicides and Rodenticide Act. These acts give EPA authority to ban products
that pose a threat to human health and to set etfluent or emission standards. Mandatory
approaches are also widely used to control nutrient and chemical applications in Europe.
Austria. Germany, Finland. the Netherlands. and Denmark all have regulations governing
fertilizer and manure applications (Anderson, DeBossu. and Kuch). Local governments also rely
on mandatory programs. Olmsted County in Minnesota has developed a mandatory program for

farmers 10 adopt erosion-reducing management practices (Helfand and House). And the Central



Platte Natural Resource District of Nebraska has adopted a set of fertilizer use restrictions to
protect groundwater quality (Anderson. DeBossu. and Kuch).

When an industry causes an environmental problem. policymakers must make a choice.
Thev can either require the industry to correct the problem. or they can create incentives for the
industry to correct the problem voluntarily. For example, animal production units often create
odor problems for rural residents. Politicians feel they have to do something. Should they
mandate that all livestock farmers adopt a potentially costly management practice that reduces
odor, or should they enact a voluntary program that educates farmers about the practice. and
entices farmers to adopt the practice with cost-share payments?

Most studies on the choice of instruments for environmental protection focus on the

comparative advantage of taxes and standards. ' One exception is Stranlund. who developed a
model to compare a mandatory regime with a voluntary regime in the context of compliance to
an environmenial norm. Stranlund assumes that a mandatory program is in place but the
vovernment is considering the adoption of a voluntary program. A voluntary program dominates
the mandatory program if it generates the same level of compliance and government revenue but
higher aggregate utility. Stranlund derives the conditions for a dominant voluntary program to
exist. However. as Stranlund notes. his welfare analvsis cannot be appiied to cases in which
individuals’ net benefits are zero or negative. In addition. Stranlund assumes that farmers will
comply with the environmental norm when the government provides enough services. so direct
government payments are not necessary.

Here. we extend and generalize Stranlund’s model and compare the efficiency of voluntary
and mandatory programs to control nonpoint poilution from agriculture. I[nstead ot analyzing
whether a voluntary program dominates a given mandatory program, we evaluate the relative
efficiency of the two approaches and allow tarm benetits to be zero or negative, which implies
that direct government payments may be needed to induce adoption under the voluntary program.

The problem we address is that the government wants farmers to adopt a certain
management practice on environmentally sensitive land. The government can mandate 1ts
adoption. with noncompliance punished by a fine or a tax. Or the government can use a

stewardship program, under which it provides technical assistance and. possibly., cost-share or



mncentive pavments to farmers who adopt the practice. We derive the condition that determines
which approach involves lower social costs. Satistaction of this condition depends upon the
proportion ot government services that are public goods, the relative prices of private and public
ettorts to reduce adoption costs, the maximum decrease in profit trom adopting the practice
under the tax. and the deadweight loss of raising government payments. We implicitly assume
that environmental benefits that accrue from adoption of the practice are greater than the social
costs of adoption.

The Model

Consider a region that has .4 acres of environmentally sensitive land. These acres are
located on .V farms, with farm i having «, acres. Let these farms be indexed so that ¢, < a,, for
:=1....N-1. Production on these acres is protitable but causes environmental damage.
Suppose a management practice is available that reduces environmental damage, and adoption
improves social welfare. However, farmers do not voluntanly adopt the practice because it
would decrease profits. The decrease results from additional equipment costs or from lack of
experience in implementing the practice.

Suppose farmers can reduce the decline in profit through their own etfforts. For example.
they might learn how to avoid or minimize vield loss by gathering information about the
management practice and by learning how it works. Denote the per acre effort in farm i/ as e .
The effort is assumed to be purely private in the sense that it has no effect on other farmers’
adoption costs. The effort is assumed purchased in a competitive market, with a unit price of one.

The government can promote adoption of the management practice by undertaking efforts
to reduce adoption costs and by cost sharing. For example. the government can reduce adoption
cost by gathering and disseminating information about the practice and by providing education
and training. We group government services into three categories according to the cost of
providing the services to an additional farm. If the marginal cost of providing a service to an
additional tarm is zero. the service is a pure public good. A typical example of this type of
program is gathering and disseminating information. On the other hand, if the marginal cost 1s
constant. the service is a pure private good. A tvpical example of this tvpe of program is cost

sharing. Finallv. if the marginal cost is greater than zero but decreasing, the service is a semi-
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public good. An example of this type of program would be technical assistance. Although it is
costly to provide technical assistance to an additional farm. the cost may be decreasing because
the necessary techniques have been developed. We reter to all government payments and pure
private services as cost sharing and the remainder as services.

Assume that the government does not distinguish between individual farmers, but instead
provides the same level of services per acre to tarmers who adopt the management practice.
Denote the level of government services per acre as ¢ and the total provision of government
services as (. Then & =wvg ., where v 1s a parameter indicating the “publicness™ of government
services. [f all government services are pure public goods. then v = 1: it all government
services are pure private goods. then v = {* where 4* is the total acreage ot land that adopts
the practice. In general. 1< v< 4*. Let p be the price of the government services. Then the
total cost of government services is pug.

Let ¢ be the per acre loss (the decrease in protit) on farm / atter adopting the management
practice. This loss depends upon both tarm i 's own efforts and the level of government services.
Assume that individual etforts and government services are pertect substitutes and the loss

function takes a quadratic form:

o ! :
(H ¢ =clx. a)=a, - pa, —ax -+ SR

where x;= ¢,+ g.and o, ¢, oy, and B are parameters. The loss function is assumed to be
decreasing, convey and twice differentiable in x,. Thatis, ct, &, <0 and ¢, & >0.
These assumptions imply that «, > 0. and «, 2 0. Given x. the cost function can be increasing
or decreasing in a.. So. J can be positive or negative. For example. the same equipment may
be needed to practice no-till whether a tarmer 1s farming 300 acres or 1000 acres. This type of
economy of scale tends to make [ negative. On the other hand. no-till farming requires timely
weed management. Small farms can often do better in this regard than large farms. This type of
diseconomy of scale tends to make [ positive. Overall, if there are economies of scale in
adopting the practice. 3 will be negative: otherwise. B will be positive.

Suppose the government wants to see adoption of the management practice on all

environmentally sensitive land in the region and is considering two alternative measures to
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achieve this environmental objective. Under the first measure. adoption Is mandatory. The
covernment provides no service to reduce ¢, . but instead imposes a fine or a tax on nonadopters.
Assume that detection ot nonadopters is certain, but there will be some monitering and
implementation costs. Under the second measure, adoption is voluntary and is promoted through
a stewardship program. under which the government not only undertakes etforts to reduce ¢; but
also makes payments to farmers who adopt the practice. The pertinent question is. which
measure is more etficient at achieving the government's objective? Before we try to answer this

question. it is necessary to determine how farmers might respond to these two measures.

Farmers’ Decisions under the Mandatory Program

{Under a mandatory program. the government takes no action to reduce the adoption costs.
but instead imposes a fine or a tax of t dollars per acre on nonadopters. For simplicity. assume
that if a farmer chooses to adopt the practice. it will be adopted on all vulnerable land. Let o, be
a dichotomous variable indicating farmer i 's adoption decision: o =1 if farmer ¢ adopts the
practice and &, =0 otherwise. Let 7, be the per acre net return in tarm / before adopting the
practice on vulnerable land. Then farmer i's decision problem under the regulatory measure 1s

(2) max ;- o,cle,.a;)— ¢, — (1- o)t
o .2

Note first that farmers who do not adopt the management practice have no incentive to reduce
adoption cost. Thus. if &, =0, e, =0. In this case. farmer i's per acre. after-tax net return is

(7,— t). Farmers who decide to adopt the management practice would like to minimize the

adoption cost. Thus. given that 6, = 1. the farmer’s problem becomes min c(e; a;)+ ¢, The

&

first-order condition for this minimization problem is

)
—

—¢lel.a;)= 1.

where ¢’ is the optimal per acre effort on farm i under the tax. The left-hand side of (3) is the
marginal benefit of the effort in farm i (i.e.. the reduction in loss), and the right-hand side is the
price of the effort. Thus. at the optimal level of effort marginal cost equals marginal benefit.

Using (1), (3) becomes



oy =1
{4 == ! .
L

Thus. on a per acre basis. each farmer devotes the same amount of etfort to reduce adoption cost.
Substituting (4) back into (1), we get the per acre adoption cost tor farm i:

(i - 1]

2

2as

Lh
[

” = c(fef .a, ) = a/) - /BaJ -

Thus. if farm  adopts the practice, its per acre decrease in profit under the tax will be

(ot = U:

(0) L= C'(ef,(zl)+ el = ay+ Ba;-

20,

rarm / will adopt the practice it and only if this loss is less than the tax rate. 1.e..

(7 Li<t.

[f there are overall economies of scale in adopting the management practice, then < 0. and loss

under the tax [, decreases as farm size increases. Given a tax rate. large tarms will be more
likely to adopt the practice. [f there are diseconomies of scale in adopting the practice, then the
loss under the tax will increase with farm size and small farms will be more likely to adopt the
desired management practice.

Expression (7) indicates that all farmers adopt the practice when the tax rate is set high
enough. Thus. under the mandatory program. the minimum social cost of achieving the
government’'s environmental objective equals
5

+ R

[

* Al A} ) Alcy— 1
(8) SCi= Yali+ R= Aag+ B ar — (o= 1)

= = | 20,

=

where R, is the monitoring and implementation cost of the mandatory program.

Farmers’ Decisions under the Voluntary Program
P, el

Under the voluntary program. adoption of the practice 1s promoted through a stewardship
program. under which the government not only provides services to farmers but also shares
adoption costs by providing direct payments. Let s be the per acre government payment to
farmers who adopt the management practice. Then farmer i s decision problem under this

program 13



(9) max ;- o;cle + g, a,)— e+ G5
G2

Again. tarmers who do not adopt the management practice have no incentive to try to reduce the
adoption cost. Thus. if &, =0, ¢, =0. In this case, farmer /s per acre netreturn is 7,. On the
other hand. farmers who adopt the management practice will seek to minimize the cost of doing
so. Thus. given o, = 1. tarmer /s objective is to

(10) min cle, + g, «; )= ¢,.

L o

st e, 2 0.

The first-order condition for this minimization problem 1s
ey e/ ¢ e/~ g a;)+1 =0,

where ¢ is the effort in farm / under the voluntary program. Note that the optimal effort under

W

the tax. ¢ . satsfles ¢ (e, @ )=1=0. Thus.if g<e'. ¢ =¢' —grandif gze'. ¢ =0. Let

cle’ ~o.a). Then. ¢/ =c if g<e'.and ¢ =c(g.a)<cle .a)=c if gze'. Thatis.if
i = i K K & i &S I, : i &

o
i

the government provides tfewer services than what farmer / would like to purchase under the tax.
farmer / will make up the difference. However, if the government provides more services than
what farmer i would like to purchase under the tax, farmer / will make no effort. In this case. the
adoption cost is lower under the voluntary program than under the tax.

Now consider farmers’ adoption decisions under the voluntary program. If the government

provides fewer services than what farmer / would purchase under the tax. its per acre net return
would be 7 —¢’ —(e' —g) s ifitadopts. Thus. farmer i will adopt the management practice if

and only it

(12) T - —(ef= gy s> 1
i 4 [ {
or
- t
(13) sz L- g,

where [\ — ¢ is the per acre loss under the voluntary program. Thus, farmer / will adopt the

practice if and only if the payment rate is greater than the loss.



[f there are economies of scale in adopting the management practice. the L, decreases as

farm size increases. Given the level of government effort and the payment rate. large farms will

1

be more likely to adopt the management practice. Thus, if s> L~ g.then s> [\~ ¢ fori=1.
...\, Thatis. if the smallest farm in the region adopts the management practice, all farms will
do so. On the other hand. if there are diseconomies of scale in adopting the management
practice. then [ increases with farm size. and smaller farms will be more likely to adopt the
practice. Thus. if s> [\ — g, then s> [i— g fori=1... V.

Now. consider the case in which the government provides more services than what farmer i
would purchase under the tax (i.e.. g2 ¢'). In this case, farmer / makes no ettort to reduce the
adoption cost. The per acre payment farmer / receive for adopting the management practice is s,

whereas the per acre loss is ¢(g,a,). Thus. farmer i will adopt the practice if and only if

(1) s> clg.a;).

The Optimal Levels of Government Services and Payment Rates
Given farmers’ response to the voluntary program. the government's objective is to choose
the appropriate level of services and payment rate to minimize the social cost of achieving its

environmental objective. The loss in per acre net return in farm / after adopting the management
practice is (¢ + e/ — 5). Total government expenditure under the voluntary program 1S

{ 45+ pug). Let £ be the marginal deadweight loss from distortionary taxes needed to raise
sovernment revenue. Then the social cost of the government expenditure is (1+ A)(As+ pvg).

Thus. under the voluntary program, the government’s objective can be formally stated as

N
(13) min Y a,(c]+ ¢ = s)+ (1+ W(sd+ pug).
205 =i
(16) s.t. 5> ci+ ef .

where 6= 1if there are economies of scale in adopting the management practice. and 6= .V if
there are diseconomies of scale in adopting the practice. Thus, when constraint (16) is satistied,

all farmers in the region adopt the practice.



To solve this minimization problem, recall thatif g<e', ¢’ =¢/ and ¢/ =¢’ — g, and if

v

g>e'. ¢ =c(g.a)ande =0. Assume for the moment that g <e¢’. In this case, (13) and (16)
become
N
(17) min X a, i+ dds+ (1= Mpo—- 4 g
g5 =1
(18) s.L. s+g> [

S o
Note that as long as s+ g> [, all farms in the region will adopt the practice. Thus, increasing s
or ¢ is equally effective in promoting adoption. The government would like to increase the
parameter that causes the smaller deadweight loss. The marginal deadweight loss of increasing s
is &( rds) és= »d, whereas the marginal deadweight loss of increasing g 1s
A(l- mpug— Ag ég = (1+ Mpu— A, where (1+ A)pug is the social cost of government
services, and Ag is the saving in private efforts. ¢ (1+ hipvg— Ag Cg > c(Ads) ds it and only
it (1+ Mypu— dAd> 24 or pu> A

This result suggest that given g< e'. it pu> .4, the government will choose g, = 0 and

Sl

sy = L to achieve its environmental objective. Substituting these results into (17) gives the

soclal cost of the voluntary program

[

N
(19) SCl=s ¥

v

T
a!leT /\JIL@‘:- Rv’
1

0

where R, is the implementation cost of the voluntary program. Because the regulatory program
is likelv to incur a lower enforcement cost than the voluntary program. we assume R, < R, .

where R, is the monitoring and implementation cost of the regulatory program. Because in this

case the government does not provide any service, but instead provides a direct payment of L

per acre. total government expenditure 1s
= 47T
(20) Ey= ALy .
Given g< ¢'. if pu< A4, the marginal deadweight loss of increasing g will be smaller than the

marginal deadweight loss of increasing 5. Thus, given g< ¢’ the optimal levels of government



services and payment rate will be g, = ¢’ and s,= [;— g. Substitute the results into (17), we

get the social cost of the voluntary program

N
(21) SCi= Y ali+ M(L5— e+ [(1+ mpo— dle'+ R,
=1

v \ Y r

b A(l+ & N 2

= dag(l+ 0+ [za;+ ;A%J[s— A D= 1= PP - R
= 2(12 i A _I

= [,

And total government expenditure 1s

~

27 Ey= A(L5— &)+ pue'.
inatlv. if pu= 4.1t does not matter whether the government or tarmers make the etfort. In this

case, the total cost of the voluntarv program is SC&. = SC;.

Now. consider the case of g> ¢’. Note first that it will never be socially optimal for

government to provide services if government has to pay a higher price than farmers. Thus. only

when pu< 4. g> ¢’ Recall that given g> ¢’ . ¢ = c{g.q;) and e’ = 0. Substitute this resuit
into (135), we get

v

(23) min Y a, c(g.q;)~ s + (1= A)(sd+ pug),
g5 =1
(24) s.L. s—c(g.ag)z 0.

Since it is costly to raise government expenditures. the s— ¢(g,ag)= 0 constraint must be
binding at the optimum solution. When we substitute s= ¢(g,ag) into (23) and differentiate the

result with respect to g, we get the first-order condition tor the minimization problem:

v
(23) Yacg.a)+ rdelg.as)+ (1= Mpu= 0.

=1
Substituting (1) into (25) and solving for g, we obtain

(26) g= = v .
S
Uy Adts

Comparing (26) with (4) indicates that when pu< 4. we indeed have gy> ¢'. Thus.

government provides more services than what a farmer would purchase if and only if the per acre
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cost ot government services is less than the price farmers would have to pay. In this case, the

government payment is
2 | , ! 2 pu
(27) s3= ¢(g5.a5)= ay+ Pas— op -

The change in per acre net return in farm 7 1s

(28) L= c(gy.a,)— s3= Bla,~ a;).

i

The total government expenditure under the voluntary program equals

-

/ poj—'

20 Ey= sy~ pugy= Aloy+ Paz)—

4
Loy -
(X: Y A

[

-~

Substituting these results into (14). we obtain the social cost of the voluntary program

N
(20 SCl= Yall-(1+ NE + R,

=1

183

A B, YR

% ‘
= Aoy (1+ )+ rZa[er }Aaé}ﬁ— . ‘)
.;.CY.: .

L=

[n summary, if pu> A. the government should not provide any service. but instead
provide a direct payment of s, = L per acre. In this case. the minimum social cost of the

voluntary program is SC: = SC"‘,, and the optimal government expenditure is £*= AZ5. On the
other hand, if pu< A. the level of services government provides could be g, or g,. If the level
of services the government provides is g, . the total social cost of the voluntary program will be
given by equation (21); if the level of services the government provides 1s g, . the total social
cost of the voluntary program will be given by equation (28). To determine which level of
services the government should provide when puv< A4, we compare equation (21) with equation
(28):
A1+ 3 ?
3 5 . + A ¥}

(3h SC;- SC; =~ (p —1) < 0.

B

) A

Since the social cost of the voluntary program is always smaller when the level of services is g,

the optimal level of government services is g,. Thus, when pu< 4. the minimum social cost of



the voluntary program is SC: = SC7, and the optimal level of government expenditure is

E*= Ey. Finally.if pu= 4. SC! = SC; = SC. In this case. it does not matter whether the

covernment or farmers make the effort to reduce adoption cost.

Relative Efficiency

[n this section, we evaluate the relative efficiency ot the two programs we have described.
A program is said to be more efticient if it can be used to achieve the government's
environmental objective at a lower social cost. Proposition | provides the condition that

determines the relative efficiency of the two programs.

Proposition 1. The voluntary program is more efficient than the mandatory program
if and only if

where 3= 1 if there are economies of scale in adopting the management practice, 6= N if there
are diseconomies of scale in adopting the practice, and AR= R — R, is the difference in
enforcement costs under the two programs.

Before proving this proposition. it is useful to interpret (32). If there are economies ot
scale in adopting the management practice. farm 1. the smallest farm in the region. will sutfer
from the largest loss per acre under the tax. On the other hand. if there are diseconomies of scale

in adopting the management practice. farm .V. the largest farm in the region, will suffer from the

largest loss per acre under the tax. Thus. L5 is the largest loss among all farms in the region
under the tax. Proposition | reveals that the voluntary program will be more efficient if and only
if the per acre social cost of government expenditure under the voluntary program is less than the
largest loss under the regulatory program plus the additional implementation cost of the

regulatory program.



Proof: First, consider the case of pu< 4. In this case. the social cost of the voluntary

program is SC,= SC;. The social cost of the regulatory program 1s always given by equation

(8). Thus. the ditference between the social costs of the two programs equals

. - \l (=17 | Lot
134 SC, = SC. = 2 a ag+ Paz— se, I+ AR- (1= ME

Thus. SC, - SC, > 0 if and only if condition (32) holds.

Now. consider the case of puz . In this case, the social cost of the voluntary program 1s

SC = SCEM and the optimal government expenditure is £*= AL;. By using equations (&) and

(19). we obtain the difference between the social costs of the two programs:

()
n
—

SCT = SC, = AR— nALs

= AL+ AR- (1= ME".

Again. SC,* — SC.> 0 if and only if condition (32) holds.

Condition (32) is useful because in order to check whether it is satistied, we only need to
calculate the decrease in profits on the farm that has the most difficulty in adopting the
management practice. instead of calculating loss in every farm of the region. The condition
emphasizes the loss tor the least profitable farm because it is the loss for this farm that
determines the per acre government payment under the voluntary program.

|
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To see when condition (32) is likelv to be satistied. we analyze some special cases.
Corollary 1 evaluates the relative efficiency of the two programs when there is no deadweight
cost of raising government expenditure. Corollary 2 examines the case in which all government
services are purely public goods and the loss trom adopting the management practice can be
reduced to zero bv private or public etforts. Finally. in corollary 3. we investigate the case in
which all government services are purely private goods and the government cannot purchase
these services at a lower price than tarmers.

Corollary 1. When ».= 0. the mandatory program cannot he more efficient than the

voluntary program.

Proof: First. consider the case of pu< 4. In this case, the optimal government

expenditure is given by equation (29). Substutute L from (6) and £* from (29) into (34) and

notice that A= 0.

(36) SCI = SC,= ALl5+ AR~ E
1/ - 1 2
= CLl— pU - . (CLI_ 1)_‘ _\R
20 \ 4 !

Note that when pu< 4. g;> ¢'. This result suggests that given A= 0., when the government
can provide the services at a lower price than farmers (i.e.. p< 1) and some of the services are
public foods (i.e.. v< A), the voluntary program will be more efficient than the regulatorv
program.

Now. consider pu= A. In this case, the difference between the social costs of the two
programs is given by equation (335). Substitute 2= 0 into (35),
(37) SC - SC,= AR> 0.
In this case. the mandatory program cannot be more efficient than the voluntary program because
it incurs at least the same enforcement cost as the voluntary program.

The intuition behind Corollary 1 is straightforward. When pu< A, government services
either avoid duplicated private efforts or cost less (p < 1). As aresult, the optimal level of

14



government service will be higher than ¢’ under the voluntary program. For the first pve’ dollars

the government spends on services. tarmers save .{e’ . Under the mandatory program. farmers

will devote Ae' dollars to cost reduction. Because puve’ < Ae'. social welfare improves under
the voluntary program. [n addition, because the government can reduce the adoption cost at a
lower cost than farmers. it will devote more etfort to cost reduction than each individual farmer
under the regulatory program. This will further improve social welfare.

When pu> . the government will not provide any service. As a result. farmers will make
the same etfort under the two programs. The only difference between these two programs is that
the mandatory program forces farmers to adopt the management practice by penalty. whereas the
voluntary program induces farmers to adopt through direct payments. Because government
pavments do not cause any deadweight loss while the regulatory program incurs a larger
enforcement cost, the voluntary program is more efficient.

Corollary 2. If po 40 as A —w and the loss in the least advantageous farm can be
reduced to zero by private and public efforts. then the voluntary program will be more efficient
than the mandarory program when the total acreage of environmenially sensitive land is large
enough.

Proof: When pu< . the optimal government expenditure £ is given by equation (29).

Substitute £* into (34) and rearrange terms,

x * A4
(38) SCr - SCo= Lzal— P
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Note that the first term on the right-hand side of (38) approaches ~ < as {4 —w. Also. as

4 >0,

N2

1 LV 1 3
(39 ay+ Pag— {al— ? j —og+ Pag— . af,
Qs A KAV

which is the minimum of ¢(as,x). The assumption that the loss for the least profitable farm can

he reduced to zero implies that the minimum is negative or zero. If it is negative, then the second



term on the right-hand side of (38) approaches +oc as 4 —oo. [f 1t is zero. then by L'Hospital’s

rule” (Chiang, p. 429). we obtain
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Tn this case. the second term on the right-hand side of (38) approaches a finite number. Because

the tirst term on the right-hand side of (38) approaches + 0 and the second term approaches

either + 0 or a finite number, SC; - SC,: becomes positive as 4 becomes large enough. This
shows that the voluntary program will be more efficient when the total acreage of
environmentally sensitive land is large enough.

Under what circumstances will the assumptions in Corollary 2 be satisfied? First.
pu 4 —0 when all government services are pure public goods. In this case, v=1. In fact. as
long as v is a limited number or increases at a slower rate than 4, pv 4 —0. This case may
occur when there are different types of farms and the government has to provide technical
information for each tvpe of farm. Second. loss from adopting the management practice can be
reduced to zero if the loss results from a lack ot information or experience. The intuition behind
Corollary 2 is that, as total acreage of environmentally sensitive land becomes larger.
government services will avoid more and more duplicated private efforts. The benefits of
government services will eventually ourweigh their costs because the marginal cost of providing
services is declining.

Corollary 3. When pu= A. the mandatory program is more efficient than the voluntary

program if and only if



(41) FE*> AR.

Proof: When pu= 4. E*= AL;. Substituting the result into (32) gives (41).

Corollary 3 reveals that when all government services are purelv private and the
government cannot provide them at a lower cost than farmers. then the mandatory program is
more efficient if and only if the additional enforcement cost of the mandatory program is less
than the deadweight loss ot government expenditure under the voluntary program. When
pu=A, E*=FE =FE. =E,= AL, Thissuggests that when pv = 4. the total government
expenditure will be the same whether the government provides the services or farmers
rhemselves make the effort to reduce the adoption cost. When the government provides more
services to reduce the adoption cost. it will save tarmers™ etforts. As a result. direct payments

can be reduced.

Concluding Remarks

Conservation programs administered bv USDA have traditionally been voluntary, with
USDA providing technical and financial assistance to farmers. This tradition is continued in the
Federal Agriculture Improvement and Reform Act of 1996. Under these programs, tarmers
commit themselves to adopting a land management practice and, in turn. the government
provides technical and tinancial assistance. Our analysis suggests that these voluntary programs
are more efficient than a program that mandates adoption it and only if the per acre social cost of
government expenditures under these program s less than the largest per acre farmer loss under
the mandatory approach plus additional implementation and enforcement cost. This necessary
and sufficient condition 1s likely to be satistied when (a) the deadweight loss from raising the
government revenue 1s zero or small, (b) a large proportion of government services are public
goods. (c) the price of government services is lower than what farmers would have to pay tor
equivalent private services. (d) the maximum per acre loss under the mandatory program is large.
and (e) the monitoring and enforcement cost is much larger for the mandatory program than for

the voluntary program.



These findings suggest that voluntary programs are most efficient when the technical
assistance the government provides are public goods and the area the program targets is large.
These are the characteristics of many soil conservation programs where tarmers commit
themselves to a land management practice. such as leaving crop residue on the soil to reduce soil
erosion. and in return the government provides technical and financial assistance. The technical
assistance is largelyv information about how the management practice works and how it can be
used to provide economic and environmental benetits. There may be some costs associated with
providing the technical assistance to additional tarmers, but the costs are very low. In the case of
soil management practices. many farmers find that profits are largely unchanged after adoption.

These tarmers would have suftfered a larger loss under a mandatory program..



l.
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ENDNOTES

The literature on instrument choice has covered the comparative advantage of taxes and
standards under uncertaintv (e.g.. Weitzman: Adar and Griffin). enforcement issues (e.g..
Harford: Harrington; Russell), as well as other dimensions for judging policy instruments
(e.¢.. Bohm and Russell: Dewees). These issues are typically discussed in the context of point
source of pollution. In the context of nonpoint source pollution. Gritfin and Bromley and
Shortle and Dunn analvzed cost effectiveness of incentives and standards that are applied to
agricultural runoff or management practice. Other studies (e.g.. Heltand and House: and
Johnson, Adams. and Perry.) examined the effects of input use tax and standards on farm

income and groundwater quality.

. L Hospital's rule states that when lim f(x) =limg(x) =0. lim f(x) g(x)

Y =0 X—@0

=lim f'(x) g'(x).

>
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