How CoST-EFFECTIVE ARE LAND RETIREMENT
AUCTIONS? ESTIMATING THE DIFFERENCE BETWEEN
PAYMENTS AND WILLINGNESS TO ACCEPT IN THE
CONSERVATION RESERVE PROGRAM

BARRETT KIRWAN, RUBEN N. LUBOWSKI, AND MICHAEL J. ROBERTS

The Conservation Reserve Program (CRP),
established by the Food Security Act of 1985,
offers annual rental payments to farm oper-
ators who voluntarily retire environmentally
sensitive cropland under ten- to fifteen-year
contracts. The CRP is notable for the size of
both its budget and its environmental benefits.
The CRP currently pays about $1.7 billion per
year to retire about 34 million acres (equal to
about 8% of U.S. cropland, or the size of lowa).
For comparison, Congressional appropriations
for toxic waste cleanups under the Superfund
program, one of the nation’s highest profile en-
vironmental initiatives, totaled $1.3 billion in
2003. To date, the CRP has disbursed over $26
billion in direct payments. Researchers have
estimated that the environmental benefits ex-
ceed the program’s costs (Feather, Hellerstein,
and Hansen; Ribaudo et al.).

This paper measures the cost-effectiveness
of the CRP’s bidding mechanism. Currently,
landowners submit bids that are ranked ac-
cording to a score that comprised both an
environmental benefits index (EBI), which
includes erodibility and other environmental
factors, as well as the landowner’s proposed
rental rate, subject to soil-specific maximums.!
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'In the literature from the Farm Service Agency (FSA), the
total contract “score” is called the EBI and the environmental
components are termed the environmental EBI. Here, we use EBI
to refer to just the environmental components and “score” to refer
to the overall total. In this way, we seek a more intuitive usage of
the term “environmental benefits index.”

Bids with the highest scores are accepted
into the program after each sign-up period.
Landowners with especially high EBI scores
and especially low opportunity costs for their
land can potentially submit rent bids above
their reservation rents and still have their lands
accepted into the program, resulting in wind-
fall gains to these landowners. Our objective
is to estimate the size of these premiums from
bidding behavior observed in data on all ad-
ministrative bids from regular CRP sign-ups
since 1997.

We estimate the relationship between farm-
ers’ proposed rents net of costs and their bid
score, which is endogenous: farmers can in-
crease the environmental component of their
score via their proposed conservation practice
and the cost component of their score via their
bid rent. To deal with this issue, we use exoge-
nous components of the EBI—those that can-
not be influenced by farmers’ proposed rent or
practices—as instruments for the total score.

In earlier research on CRP bidding behav-
ior, Shoemaker examined rental premiums ob-
tained by farmers in the first two years of the
CRP, before the current EBI-based mecha-
nism was established; and Cason and Gangad-
haran used experimental auctions akin to CRP
auctions to examine bidding behavior. These
studies all suggest that landowners adjust their
bid rents upward with increasing likelihood of
acceptance into the program.

The CRP Bidding Mechanism

Initially focused on reducing soil erosion,
CRP’s environmental objectives were broad-
ened with the introduction of the EBI in
1990. In an effort to reduce costs, soil-specific
maximum rental rates also replaced earlier
rate caps set at state and substate levels. Start-
ing with sign-up 15in 1997, the EBI was revised
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to include wildlife habitat and air quality ben-
efits in addition to water quality and soil ero-
sion. Since then, CRP offers have been scored
as follows.

Landowners offer a parcel of land with a set
of proposed conservation practices for enroll-
ment in CRP. The offer receives an environ-
mental score equal to the sum of six factors,
N1 through N6 (collapsed to five factors begin-
ning with sign-up 26 in 2003). The six factors
contain points delineated as follows: N1 for
grass covers, tree planting, location, and wet-
land restoration practices that create wildlife
benefits; N2 for water quality benefits from
reduced erosion, runoff, and leaching; N3 for
on-farm benefits from reduced erosion; N4 for
benefits that will likely endure beyond the con-
tract period; N5 for air quality benefits from
reduced wind erosion; and N6 for state or na-
tional conservation priority areas.”> Landown-
ers can influence the number of environmental
points they receive mainly via factors N1 and
N4, depending on the type of grass or tree cov-
ers and wetland restoration practices (if appli-
cable) they choose to offer for their enrolling
land.

Points from the environmental factors are
added to a cost factor to obtain the total
score. The cost factor penalizes higher pro-
posed rents and offers that propose sharing
the conservation practice costs with the gov-
ernment. Specifically,

(1)
Cost factor = w(l — r/(HIGH)) + 10(1 — s)
+ Min(15, 7" —r)

where r is the proposed rent, r” is the parcel’s
soil-based maximum rent (» must be less than
or equal to r™), HIGH is the highest allowed
soil-specific rent for all contracts received, and
s is the farmer’s decision to share costs (s = 1
if share, s = 0 if not). If farmers elect to share
costs, the government typically pays half the
cost of establishing the proposed conservation
practice; if they forgo cost-sharing, they re-
ceive an extra ten points on their bid score. The
last term confers additional points for offering
rent » below the maximum allowable rent r”.
This component was introduced starting with
sign-up 16 and adds one point for each dollar

2 Starting with sign-up 26 in 2003, the points for conservation pri-
ority areas were eliminated as a separate factor and incorporated
in the wildlife and water quality factors. The cost factor (described
in the next paragraph) became N6.
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offered below the maximum rent up to a limit
of 15 points. The value of w is set at the gov-
ernment’s discretion. It was 175 for sign-up 15
and 125 for subsequent sign-ups.

In this paper, the endogenous component of
EBI refers to the sum of factors N1 and N4,
and the exogenous component of EBI refers
to the sum of the other environmental factors.?
The total EBI score is the sum of these two
components.

Summary Statistics

Our data are from the FSA’s CRP bid files.
We focus on five CRP general sign-ups (15, 16,
18, 20, and 26) conducted between 1997 and
2003.% Sign-up 15 is the largest in terms of both
the number of bids submitted (251,959) and
the number accepted (160,624). Sign-up 20 had
the least number of bids submitted (56,093)
and sign-up 26 had the least number accepted
(38,621). In table 1, we report some summary
statistics from these data, cross-tabulated by
quartiles of the exogenous component of the
EBI and quartiles of the soil-based maximum
payment (™). For each subgroup, the table re-
ports the average offered rent, the average dis-
count below the maximum rent, the proportion
offering a discount below the maximum, and
the average endogenous EBI. We also report
the proportion of offers accepted in the pro-
gram according to each exogenous EBI com-
ponent quartile.

Several patterns emerge from this pre-
sentation of the data. Most notably, farm-
ers appear to offer higher rental rates if
they have a high exogenous EBI score con-
ditional on their maximum payment quar-
tile. This pattern is somewhat visible in the
mean rent offered, which generally increases
across exogenous EBI quartiles within a max-
imum payment quartile. The behavior is most
clearly visible in the mean discount offered.
Since a farmer can increase his total EBI score

3 Subfactor N5d for carbon sequestration, introduced in sign-up
26, depends on the choice of cover practice and is treated as an
endogenous part of the EBI in our analysis of this sign-up. Other
N5 components are considered to be exogenous.

4 Data from the latest general sign-up 29 held in 2004, were not
available at the time of this study. “General” sign-ups account for
the bulk of CRP enrollment and are subject to the competitive
bidding process discussed above. FSA conducts smaller “continu-
ous” sign-ups on a rolling basis that offer fixed rental payments for
enrolling specific high priority environmental practices.
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by offering to accept a rental rate below the
soil-specific maximum, we uniformly observe
farmers with lower exogenous EBI scores of-
fering a larger discount even after condition-
ing on the maximum payment quartile. For
instance, in sign-up 16 among farmers in the
lowest quartile of maximum payments, farm-
ers in the lowest exogenous EBI quartile offer
a discount more than twice as large as those in
the highest exogenous EBI quartile (1.2 ver-
sus 0.5). This pattern holds across all maximum
payment quartiles in sign-up 16 and across vir-
tually all sign-ups. Discounts were lowest in
sign-up 15 and greatest in sign-up 16. This may
reflect initial uncertainty about the new pro-
gram structure in sign-up 15 and the influence
of additional points, introduced in sign-up
16, for bids below the maximum allowable
rent.

Although land owners may increase their to-
tal EBI score by offering a discount, that is, bid-
ding below the maximum, a large share of bids
do not offer discounts, especially in the lower
payment categories. The proportion offering
nonzero discounts tends to increase as the
maximum rent increases and tends to decrease
for higher exogenous EBI scores. For example,
in sign-up 26, the proportion of nonzero dis-
counts declines within the first maximum rent
quartile from 30% to 19% and declines from
85% t062% in the highest maximum rent quar-
tile, suggesting that the likelihood of asking for
the maximum rental rate increases as the ex-
ogenous EBI increases.

Another way for farmers to increase their
total EBI is by adopting more valuable con-
servation practices, such as plantings of native
grasses. The set of columns in table 1 labeled
conservation practice points demonstrate the
tendency to adopt a more valuable conserva-
tion practice at lower exogenous EBI scores.
In other words, less (more) environmentally
sensitive land, as measured by the exogenous
EBI, receives more (less) beneficial conser-
vation practices. Conservation practice points
tend to increase with the maximum payment
quartiles, but the pattern is not universal. In
general, the summary statistics would seem to
indicate the landowners decrease the endoge-
nous components of their bid as their exoge-
nously determined EBI increases. This pattern
is consistent with the hypothesis that landown-
ers with higher exogenous EBI scores are able
to command greater windfall gains from the
program.

Amer. J. Agr. Econ.

A Model of Bidding Behavior

Although reservation rents are not directly ob-
served, they are implicit in farmers’ proposed
rents and conservation practices. Under the
program’s incentive structure, the exogenous
components of the EBI encourage farmers to
propose higher rents and less costly covers and
wildlife practices, all else remaining the same.
In this section, we spell out these incentives
using a simple model.

Define F as the distribution function of farm-
ers’ subjective beliefs about E*, the critical bid
score. All scores above E* are accepted into
the program and all scores below E* are re-
jected, but farmers do not know E* when they
submit their bids. The Secretary of Agriculture
makes this decision after all bids have been
submitted.”> Farmers choose their proposed
rent, r, conservation practice with annualized
establishment cost, ¢, and whether or not they
propose to share costs with the government,
5.% Higher proposed rents negatively influence
the total EBI. The environmental component
of the EBI is a function of exogenous factors
and of the conservation practices chosen with
associated costs c.

Assume farmers choose r, ¢, and s in order to
maximize the expected net benefit from their
proposed contract given their reservation rent
7 and the maximum rental payment r”. Once
a bid is accepted, the farmer’s yearly net ben-
efit is the rent minus their reservation rent
(the opportunity cost of their land) and the
annualized value of establishing the proposed
conservation practice, (r — 7 — ac), for the du-
ration of the contract. We call this net benefit
the farmer’s premium, PREM. The parameter
a equals 1 if s = 0 and a equals 1/2 if s = 1.
Thus, the farmer’s objective is:

2) maxV(r,c,s) = PREM x F +F

subjectto: (r" —r) >0

3 The weight w in N7 is also uncertain in the eyes of landowners.
We do not explicitly examine this source of uncertainty, though
it should affect marginal incentives to bid in a similar way as un-
certainty about E*. Although this weight can be changed at the
government’s discretion, this value has been the same in sign-ups
16, 18,20, and 26 so we expect variation in beliefs about this weight
to be small. While the weight is not explicitly reported, it could be
approximated from publicly available statistics on each sign-up.

% Practices may also involve annual maintenance costs, which
are not subject to the cost-sharing option. Instead, the government
typically pays a fixed maintenance allowance of $5 per acre. Aslong
as the difference between the actual maintenance costs and this
allowance is small, this will not significantly influence the farmer’s
decisions.
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where F=Prob[E* < SCORE],and SCORE =
g(c) + z — or + 10s, the total EBI score. The
function g(c) gives the endogenous component
of the EBI as a function of cost, c; z is the ex-
ogenous EBI component, and the parameter ¢
scales the marginal reduction in SCORE from
a $1 increase in the proposed rental rate.

If r < r™ (the maximum rent constraint does
not bind), the first-order conditions are:

3) —d(r —F—ac)F'+ F =0

4 O (r—7F—ac)F' —aF =0.
dc

These conditions imply that the marginal ex-
pected benefit from an increase in the prob-
ability of acceptance equals the expected
marginal cost from the decreased premium. If
we define G = F/F’, an increasing function of
SCORE, these conditions can be written as:

(5) —b(r —F—ac)+G =0

(6) %(r—f—ac)—aG:O.

Thus, PREM = G /b = aG /3¢, where G is the
distribution function divided by the density
function of farmers’ beliefs regarding the criti-
cal EBIscore. Thisimplies farmers will balance

their offered bids and costs until ¢ = g—’c’ Ja,
such that the marginal costs of raising the to-
tal EBI score by lowering the bid equal the
marginal costs of doing so by increasing costs.
The discrete cost-share decision (s) cannot
be analyzed from these marginal conditions,
but does influence the marginal trade-offs
via a.

Both conditions imply PREM is an increas-
ing function of SCORE, unless the constraint
(r™ —r) > 0 binds, in which case PREM <
G/b=aG /g—’z This is consistent with the intu-
ition given 1n the introduction. Farmers with
higher total EBI scores, all else the same,
will have higher rental premiums, unless these
are constrained by the maximum allowable
rent.

Empirical Model
Because we do not observe PREM, we rewrite

the first-order condition (5) in terms of rent net
of costs:

(7) r—ac:%—i—?.
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Reservation rents are not observable and are
embodied by the intercept, controls, and resid-
ual in our regressions. The intercept reflects
the average reservation rent and the control
variables plus the residual embody the differ-
ence between this average reservation rent and
that of the current observation. Since 7 affects
farmers’ choice of the total EBI score, SCORE
is endogenous. Dealing with the endogeneity
of the total EBI score is our main econometric
challenge.

By using the exogenous component of the
EBI as an instrument for the total EBI score,
we solve the problem that SCORE is a choice
variable. However, a different form of en-
dogeneity arises if 7 is correlated with the
exogenous EBI, not because one variable af-
fects the other, but because heterogeneous
land attributes affect both land values and the
exogenous components of the EBI. In order to
reduce the unobserved heterogeneity of land,
we include the soil-specific rental rate, mea-
sures of on-farm wind and soil erosion, and
fixed effects for state.

Another issue concerns the functional form
of G. In general, G has a positive slope. For
most parametric distributions, G will be a non-
linear function of SCORE. Of course, we have
no information about the shape of landowners’
prior beliefs about E*. Rather than explicitly
modeling this unknown distribution of beliefs,
we estimate (7) using a simple linear model:

(®)  (ri —aci) = Po+ B1SCORE;

+ controls; + u;.

In this formulation, G /b = $;SC ORE;, where
SCORE; is the predicted SCORE from the
first stage. The estimated parameter B; gives
the average slope of G/¢ regardless of the
function’s shape or whether landowners have
heterogeneous beliefs about E*. Simplicity
is also necessary because we must estimate a
censored regression model (with instrumental
variables [IV]) to account for the constraint,
(r™ —r) > 0. The reservation rent () is em-
bodied by the combination of the controls, the
intercept By, and the residual u;. Costs (ac;)

7 Besides the functional form of G and the maximum rental
rate, the slope of the PREM and SCORE relationship is influ-
enced by the EBI cost function, whether or not a farmer chooses to
share costs with the federal government, whether or not a farmer’s
offered rent is more than $15 below the maximum rental rate, and
unobserved heterogeneity in beliefs about £*. For these reasons,
it is important to interpret estimates from our linear model as es-
timates for the average slope, which may not accurately reflect the
slope associated with any particular offer.
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are observed only for offers that propose cost-
sharing with the government (where s = 1 and
a = 1/2). We annualize these establishment
costs by multiplying them by 0.10. For offers
not sharing costs, we approximate costs from
offers in the same county proposing the same
practices that do share costs.

In order to estimate the effect of the total
EBI score on the rent premium, we must ac-
count for the constraint that bids cannot ex-
ceed the soil-specific maximum payment. But
for this constraint, farmers with very high EBI
scores may offer a very high rental rate. In this
sense, the farmer’s true offered rent is censored
by the soil-specific maximum rent. Farmers can
circumvent the constraint to some degree by
offering less expensive conservation practices,
thereby netting a higher rental payment. A
strictly constrained bid is one that offers to ac-
cept the maximum rental rate and to provide
the least expensive conservation practice. Our
inability to observe the least expensive con-
servation practice necessitates an estimation
strategy that provides upper and lower bounds
to the effect of the total EBI score. We esti-
mate these bounds using (1) a linear IV model
and (2) an I'V-Tobit model that treats all bids
that offer to accept the maximum payment as
constrained. The linear IV underestimates the
effect of the total EBI score by assuming that
all bids are unconstrained and optimal, and the
IV-Tobit overstates the effect by labeling too
many bids as constrained and suboptimal, even
though they may not be constrained by the cost
of the conservation practice.

We estimate reservation rents as predicted
values from the estimated models with the val-
ues for SCORE reset to the lowest observed
value. This prediction is based on the the-
ory, which tells us reservation rents equal the
observed values minus G(SCORE). Since we
only approximate G(SCORE) with a linear re-
lationship, it is inappropriate to extrapolate be-
yond the region of our data by setting SCORE
to zero. By setting SCORE to the minimum ob-
served value in each sign-up, we approximate
the minimum observed value of G(SCORE),
which is likely close to zero. This assumes those
with the lowest bids believe they have a small
chance of being accepted into the program
and have negligible premiums. Because we in-
terpret the intercept By as part of the farm-
ers’ reservation rent, we implicitly assume that
G /b evaluated at the minimum total EBI score
in the sample equals zero. If this value is greater
than zero (a distinct possibly), then we under-
estimate the true premiums.

Amer. J. Agr. Econ.
Results

Table 2 summarizes results from our IV and [V-
Tobit regressions. For each sign-up, the table
reports the estimated coefficient and standard
error on SCORE for each of the two re-
gressions. This coefficient gives the estimated
increase in a landowner’s premium for each
additional total EBI point, holding all other
factors the same. For example, the first row
of column 2 reports the IV estimated coeffi-
cienton SCORE as0.015. This estimate implies
farmers received a premium of 1.5 cents per
acre for each additional point they received in
sign-up 15. If all farmers were to bid their reser-
vation rents, their bids would effectively be ex-
ogenous, and this coefficient would be zero.
In nearly every sign-up, the coefficient on the
IV-Tobit regression is larger than the I'V coun-
terpart. In line with the reasoning given above,
the IV estimate constitutes a lower bound
on the marginal premium and the I'V-Tobit
constitutes an upper bound. The single excep-
tion is sign-up 15 where the difference between
the estimates is negligible.

The coefficient on SCORE increases
markedly between sign-ups 16, 18, and 20,
during which the configuration of the EBI
remained unchanged. This pattern is consis-
tent with a progressive decline in bidders’
uncertainty regarding the critical score needed
to gain acceptance into the program, enabling
landowners to extract larger premiums. The
estimated coefficients for sign-up 26 are
below those for sign-ups 18 and 20. This may
reflect greater uncertainty over the critical
score in sign-up 26 due to the changes to the
EBI introduced with this sign-up. For each
regression, the table also reports the R?, and
an F-test from the first-stage regression, which
indicate our instruments are strong predictors
of SCORE3

Table 3 reports average rents paid by the
CRP and the average estimated premium for
all contracts accepted in the U.S. and for all
those accepted in each of the eleven states
enrolling more than 1 million acres in total
over the five sign-ups examined. The estimates
show how much premiums have increased over
time between sign-ups 15 and 20 before de-
creasing somewhat in sign-up 26. In sign-up
20, we estimate an average premium per acre
of $15.1-$21.2 with an average rent paid of

8 Parameter estimates for the controls and first-stage regressions
are not reported for brevity but are available upon request.
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Kirwan, Lubowski, and Roberts

little incentive to adopt more valuable conser-
vation practices, even at low private costs, since
their bids are likely to be accepted regardless.

Might it be possible to implement a bid-
ding scheme that achieves a more efficient
balance between wealth transfer and envi-
ronmental gain? Our findings suggest that
potential cost savings could be substantial. Fu-
ture research might fruitfully explore the im-
plications of alternative bidding schemes and
program structures.
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