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Estimating Producer Welfare Effects of the Conservation Reserve Program

Patrick Canning

Abstract. Using a farmiand value survey that sepa-
rated the value of farmiand enrolled wn the Conserva-
tion Reserve Program from all farmiand, this article
measnures gains i producer welfare from program
participation The 1esndts distinguish program par-
ticipant welfure gains from the general mcome effects
that benefit all producers through reduced crop sup-
ply Although program participants received substan-
twal gans, all producers received addifional income
Producers have collectively benefited from a mse i the
value of U S farmland of $11 to §22 per acre due to
current and eapected future benefils throughoul the
life of the program

Keywords. Conservation Reserve Program, furmland
value, producer welfare, survey data

Land conservation practices in the United States are
traditionally encouraged through government sub-
sidies Policies encouraging land conservation “appear
to be obset vationally equivalent to policies intended to
support the incomes of farmers as an interest group”
(1, p 347) ! In the case of the Conservation Reserve
Program (CRP), farmers’ incomes are supported
through payments for converting highly erodible farm-
land to uses that significantly reduce soil erosion
These payments may add to producers’ welfare
through a reduced income risk (6), an excess of pay-
ments received over enrollment costs, and a general
increase 1n prices fiom reduced supples of com-
modities that would have been produced on the
program-enrolled land Although one, or a combination
of all, of these factors constitutes an argument for a
positive welfare effect to farmers from the govern-
ment payments, the argument does not prove that
fatmets 1ecerved any benefits A more convineing case
for welfare gains 1s made with empirical evidence The
direct and mdirect producer welfare effects of the Con-
servation Reserve Program aie measured here with
U S Department of Agriculture survey data and then
compared with recent studies, which estimate pro-
gram effects through use of secondary, or market
level, data

Background

The Conservation Reserve Program addresses multi-
ple policy concerns The program’s primary goal 1s to
prevent further erosion of fragile farmland Other
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goals include reducing surplus erop production and
mamntaimng a strong farm economy (5) The CRP tar-
gets highly erodible U § farmland for entollment in
the program The landowner receives an annual pav-
ment fiom the government n return for partiaipation
A landowner who participates must not grow @ ops on
the enrolled land for a period of 10 years, but instead
must plant a cover of grass o trees

Farmiand owners benefit from the acreage 1eductions
and program rental payments Each owner of
program-eligible farmland-submts a bid 1n the form of
a per acre 1ental rate For the owner, this bid at least
equals the opportumty costs of program enrollment

No profit-maximizing farmland owner will submt a bid
below perceived opportumity costs Thus, the govein-
ment accepts bids equal to or greater than opportunity
costs Any difference between accepted bids and
opportumty costs of enrollment constitutes a direct net
benefit to farmers for program enrollment

Nonparticipants benefit from the program also Once
farmland 1s enrolled in the program, it 1s out of crop
production, which reduces crop supply To the extent
that program enrollment affects supply, market prices
of the subsequent crop supply should inctease, which
benefits all producers 1n the affected markets

Measuring Welfare Effects of the CRP

Three facts must be recognized to identify the CRP
benefits to producers Enrollment in the CRP 15 an
alternative market in which a farmer can participate
A fixed amount of the farm 15 classified as hghly erod-
ible, and therefore ehgble for enrollment in the CRP
The CRP 15 not a commodity-specific program, so
assessing welfare effects on producers requires a mul-
timarket framework

All farm operators have the option of produeing many
commodities, so we can assume the farm sector will
operate such that the sum of profits fiom all products
15 maximized With the CRP, the sector produces n
agricultural products plus an imcome-generating umt,
Un+1, Which 1epresents total acres of CRP-entolled
land selling at an annual price p,,, per acre

Economic rent for the profit-maximizing firm produc-
ing output 118 defined as total revenue less total var-
able costs The sum of 1ents from each of the n+1
markets defines total rent for a multiproduct farm
sector 2

The derivations 1n equations 1 through 4 parallel those for the
general case of a multiproduct profit-maximizing firm as developed
n appendix A n {4}
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where
p, = umt pnice for output 1,
q, = total umts of output |,
w, ="umt price for mnput J,
x, = total umts of put ),

J
R = total economic rent

From first-order conditions of profit maximization, q,
and x, are solved for optimal levels, conditioned on
input and output prices The rent function 1s then
solved for optimal levels, eonditioned on mput and out-
put prices Threugh first-order conditions of the profit
funetion and the envelope theorem, the market supply
and factor demand functions are obtained-as follows

aR(;P, W) _ q,(P, W) = product supply for
P output q, 2
and
R (P, W) = — (P, W) = denved demand for
aw, :
input x,, 3)
where
P = (pl, B2, rpn+l}l
W = (W]: W, : Wrn)

For each product 1, there exists a market shutdown
price p, such that p, 1s just low enough to mmduce the
farm, sector to cease production of good 1 Denoting “*”
as 4 flag that indicates a market equilibrium price with
the CRP 1n effect, integration of equation 2, evaluat-
mg from p, to p;, will provide the rent generated in
market 1 Integration from shutdown price to equi-
librium price for all products sums to total rent R

Equation 4 (below) 15 the summation of total area

above the supply curve and below price for all of the
n+1 products in the sector The proof 15 as follows

ntl 1

3 q, (P, W#*) dp,
1=1

+1 P .

= 3 [ oR(P, W)

=1 T dp

3 apl

ntl
= 3

1=1

IR, (P (p), W¥)

- Rl (P (pl)l W*)] =R (P*r W*)r (4)

where
P=(,ps ,ps

Welfare Effects in Market n+1

, Prrt), and recall R, (p,) = 0

The direct welfare effects for CRP participants 1s
defined by the dhfference between contract payments
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(pr+1) and the opportunity costs of nol farming the pio-
gram land (p,.,) Prior to the program’s inception, p,.,
= Pp+y and Ry, = 0 From this imtial equilibrium
position, the U S Department of Agreculture (USDA)
began accepting bids submitted by farmland ownexs
Bids must have been at least equal to the rate p,,,
There has been an upper limit on acceptable bids
Government-established bid caps 1epresent the max-
imum acceptable 1ental 1ate paid to farmland owners
for participation 1n the program The value p,,, 1s
defined as the rental rate at which the landowner 1s
indifferent between program en:ollment and farming
the land 1n 1ts maximum alternative mcome-generating
usage Any discrepancies between p,_, and accepted
bids 1s due to an asymmetry of information between
the landowner (who has a good 1dea of the land’s earn-
ing potential) and government (which has inferior
knowledge of the same value) The imtial welfare
effect of the program 1s propagated by creation of a
market for q,,, Measuring this effect 15 market n+1
amounts to measuring the difference between accepted
CRP contract bids and opportunity costs of enroll-
ment Since bids are 1n dollars per acre, the difference
can be multiphed by total enrolled acres and then
summed across the duration of the program This
value, which represents the total welfare effect 1n
market n+1 over the life of the program, is depicted in
equation b (suppressing the n+1 subscrpt)

7 9 P:,:

W= X | [ q,e?%dp, (5)
=1 (=0 Py,

where

& = discount rate,

t = Ife span of program, that 1s, 0 1s 1nit1al year, 9
final year

1 = gignup period, that 1s, there are seven total
signup periods,

W = welfare effect in market n+1 through termma-
tion of program

Equation 5 1s difficult to estimate empinically
Although CRP bids p;,, are observable, economists
usually do not know what individuals believe the alte:-
native, but lower, expected earnings, 9, ,,, are If con-
tract bids are equal to opportumty costs, then equa-
tion 5 equals 0 A strategy td determine p,,, must be
defined 1f p,,, and p;., differ (At the time of this art:-
cle’s completion, a total of seven signup periods had
been conducted’)

Although there are problems estimating each program
participant’s actual values of p;,_, and {,,,, as well as
their perceived capitalization rate (8), each of these
components 15 collectively revealed in the value of
farmland Because farmland values ate observable,
and farmland value data exist for all geographic
regions, equation b can be evaluated Farmland values
will also reflect program benefits beyond the termina-
tion of program payments These benefits, which a1e
not represented 1n equation 5, are realized when
employment of the land 1s resumed by the owner upon




termination of the progtam Such factors as improved
soil quahity and enhanced esthetic quahties, which are
a direct result of program enrollment, are anticipated
by program participants and capitalized into the pres-
ent value of the land

Pricing Farmland

Asset value can be assessed by estimating the income
an asset could produce The nonstochastic formula for
pricing farmland postulates farmland value s, at
equilibrium, equal to the present value of an income
stream generated in perpetuity This income 1s gener-
ated through employmg the land i 1ts optimal profit-
generating usage

V = _F Re-®tdt = (6)

0

Sdt=*

V represents the price of the parcel per acre, and R
1epresents the per acte rental rate, discounted at a
constant rate compounded continuously (see 8, p 57)
The improper ntegral in equation 6 converges, and
the value R 15 defined as 1n equation 1 In the context
of the multipr oduct market of equation 5, R 1s also
equivalent to p,,,, which 1s the rental price per acre of
farmland enrolled in the CRP If bids accepted by the
government were equal to the opportunity cost of
enrollment p,,,, then the value of land enrolled m the
program would be equivalent to similar land not
enrolled To the extent that the accepted bid (pg.))
was greater than p,,,, the value of CRP-enrolled land
1s proportionally gieater than similar land not emolled
in the program This difference can be calculated by
expanding the expression in equation 6 The difference
in the earning potential of farmland eniolled 1n the
CRP and ehgible land not enrelled 1s the government
payments ph.;, which are earned over a 10-year
period 3

g9 o
Vep = [ P, eddt + [ p,,,eddt (Ta)
0 10

9 ., x
Vo= [ Preddt + J pogeddt (7b)
0 10

Subtracting 7b from 7a and multiplymg by enrolled
acreage shows

(pay X (Vcrp_V) =|°
j (p;*l - Iﬁ)n+])£:3_mqn-v-ldt + C
0

9
Tl E T guedpe |t C ®)

t=0 Pnn

MIf the land 1in Ta and Tb biuly are simlar, then termination of the
program should lead to resuming similar land use patterns How-
ever, there may be envircnmental benefits that are capitalized 1
equation 7a begnning i period 10 which do not affect equation 7b

Calculating equation 8 for contracts across all seven
signup periods captures the welfare effects 1n equation
5 There may also be a residual difference between the
last expression in equations 7a and 7b not depicted in
equation 5 For example, producers benefit from
reduced soil erosion, which can lead to benefits by
enhancing the so0il's ability to produce i the future
(see 12, p 15) Since this benefit 15 not perpetual, it 1s
depicted 1n equation 8 as a lump sum benefit equal to a
constant, C The total welfare effect in market n+1
can be directly measured as the difference between
the weighted average value of farmland entolled in the
CRP and program-elgible land not enrolled across all
seven signup periods

The Data

USDA’s Farmland Market Sutvey polls brokers,
apprasers, bankeis, and both public and private offi-
cials who deal with the agricultural 1eal estate market
(10) The 1988 survey data included mformation specif-
ically concerning value of farmland enrolled in the
CRP and land ehgible for enrollment but not emolled
Although coverage includes all 10 farm production
regions of the continental Umted States, the Pacific
and Northeast regions have hmited coverage, so are
not considered separately for this study (1esponses
from these two regions, however are incolporated
mto the 48-State estimate) Estimates of the percent-
age effect of program enrollment on CRP-entolled
farmland values (the ratiec of CRP-emolled farmland
value to the value of program-eligible land not
enrolled) 1s developed for 10 farm production regions
The 1988 su1vey was conducted 1n February 1988, so
coincides with the beginning of signup perod 6 The
survey responses will most hkely reflect program
effects through five signup pericds

Results and Implications

The national average value of CRP-enrolled farmland
1s 7 percent greater than progiam-ehgible land not
emolled Each of the estimated 1egions also shows sig-
nificantly greater values for enrolled farmland, rang-
ing from 3 percent 1n the Lake States region to 12
percent 1n the Mountain region (table 1) To convert
these percentage figures into dollars, assumptions
about the characteristics of the farmland sample are
necessary In particular, farmland productivity for
erodible farmland 1s assumed to be similar to nonerod-
1ble farmland This assumption 1s substantiated by a
considerable hiterature that focuses on land productiv-
ity 1ssues ! The observed contract rents for the CRP
are generally above or rapidly approaching published
cash rental rates for cropland (1) as shown n table 2
Comparable rental rates between regional farmland
enrolled 1n the CRP and all farmland within each

1See (2} for analysis and further references
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Table 1—Companson of survey results to capitahization of initial and subsequent contract bids

Equation 9 results through five

Eiguation 9 results through seven

Region Change 1n value of CRP- signups at discount rate of signups at discount rate of
enrolled farmland’ 8% 4% 8% 49
Percent Dollars per acre

Noertheast NA NA 48 57 57 67
Appalachia 5 52 36 42 36 43
Southeast 8 90 67 79 T3 86
Delta States T 55 63 74 66 7§
Corn Belt 8 80 T4 87 81 95
Lake States 3 24 57 68 57 68
Northern Plains 11 40 18 22 14 l$_)
Southern Plains 7 37 38 44 38 45
Mountdin 12 31 36 42 36 13
Pacific NA NA 31 36 32 38
48 States 7 44 41 48 42 38

NA = not avallable

1Column 2 1s caleulated as the product of column 1 and regional land values based on the 1987 Census of Agrculture (7)

Table 2—Average regional contract payments by signup period, and average cash rental rates for cropland

Average payment by signup petiod Cash rent,
Region Period1 Period2 Pertoed3d Perodd Period5 Period6 Period 7 Febiuary 1990
Dollars per acre

Noitheast 49 56 58 57 57 58 63 46
Appalachia 48 52 24 55 53 53 55 48
Southeast 31 39 42 43 44 44 45 49
Delta States 33 40 44 44 45 45 45 49
Coin Belt 58 G3 70 71 G9 70 81 83
Lake States 49 52 a7 60 59 57 59 % |
Northern Plans 44 45 47 48 46 45 44 38
Southern Plains 34 38 40 40 41 40 41 26
Mountain 34 38 4G 40 41 40 40 45
Paafic 44 48 49 49 51 a1 hl 105

48 States 42 44 47 )| 48 48 50 NA

NA = not available

1eglon suggest comparable farmland values,5 thus
providing a basis for converting the regional percent-
age estimates to dollar figures (table 1)

A variation of the CRP welfare evaluation approach
used by Shoemaker (7) was employed to test the
hypothesis that the average gains per acre of CRP-
enrolled faimland did not significantly change after
signup period 5 Shoemaker estimated direct welfare
gains from participation in the CRP by assuming that
stgnup period 1 bids represented approximate oppor-
tumity costs of the average farmland parcel enrolled 1n
the program Observing subsequent signup period bids
asymptotically approaching previously established
government bid caps (table 2), Shoemaker assumed
that these increased bids reflected farmers’ leaining

This 1s Lrue only under the assumption that farmland’s current
earmng potential can be mamtained, 1n real value, through per-
petuity Because investors in erodible farmiand may mncorporate an
expected long-term loss in productivity this assumption may over-
state the value of CRP-elimble farmland
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estabhished bid caps The total income effect was calcu-
lated by capitahizing the difference between final and
mitial baids Shoemaker used final signup pertod and
iitial signup period average regional contract pay-
ments (table 2} as proxales for pfand j, More precise
estimates are possible by weighting the average effect
acrosg each signup period

2(%) 7 or-pesa g
Sla) [ ei-pesa 9

where
a, =total acreage emollted m period 1, and
A = total acreage enrolled through five signups

This procedure produces a better representation of the
average gan to participants throughout the life of the
program Equation 9 results are presented 1n table 1
The range 1epresents a discount 1ate 1ange of 4-8 per-
cent, which 15 what Shoemaker used



For the 48-State estimate, this range 18 $41-548 pet
acre, which 1s consistent with the survey results in col-
umn 2 The regional results do not correspond as
closely to the survey regional results, yet an ordering
of the regions by the magnitude of thewr estimates
shows a close correspondence of the two estimating
procedures Overall average producer gans after
seven signup periods correspond to average gans
through five signups, not surprising because the aver-
age accepted contract bids leveled off after five sign-
ups (table 2)

The hypothesis that the survey data effectively repre-
sent the present value of average gains to program
participants 1n all seven signup periods cannot be
rejected Although the survey was conducted after
signup period 5, the average per acre gain to program
participants m-the final two signup periods appears to
have'remained constant If that 1s so, the direct pro-
gram welfare effects can be quantified as the product
of the average per-acre effect (§44) and total enrolled
acreage (28 1 milhon) which comes to $1 24 billion
This value represents the total capitalized value to
participants from contract payments above the oppor-
tumty cost of program participation, plus all environ-
mental benefits that can be capitalized into the value
of the emolled faimland

Aggregation of Effects in All Markets

Because decieased production will cause upward pres-
sure on prices in affected markets, the land that
remains 1 production will eaxn hgher rents, thus
causing further welfare effects to producers participat-
ing in these markets The empuical results of the pre-
vious section account for welfare effects beyond the
price effects that may have occuried This 15 s0
because farmland owners will have anticipated the
supply effects, which would be reflected n the value of
farmland not enrolled in the program

The welfare effects across all n+1 output markets are
measured by the area below the denived demand for
farmland Markets 1 through n+1 all clearly require a
positive amount of farmland to produce output q,
There exists some positive price for farmland, W,
which will lead to a shutdown of demand for farmland
x, This price 1s observed at the farm level by the con-
version of farmland at the urban fringe to residential
or commelcial development At more aggiegated lev-
els, this price will hkely not be reached However,
short of a global shutdown, large regions can become
entirely dependent on an outside supply of ag wcultural
products When a shutdown occurs n the market for
land, the entire agricultural sector will shut down,
reducing rents to zero Using this notion of a shut-
down price, plus equations 3 and 4, the change n wel-
fare across markets 1 through n+1, resulting from a
change m price p,_, from P, Lo Py, 18 measured by
the change in area‘below the demand for farmland and
between the price for farmland with and withoul the
CRP

Equation 10c establishes that the difference 1n area
below the derived demand for faxmland and between
W, and w;1s equivalent to the change mn welfare for the
farm sector due to introduction of the CRP

Denote C, total welfare wn sector with the CRP, C,
total welfare vt sector before the CRP, and w, the price
of farmland

I %5 (P(ha), W)y wy) dw,

W

Cy

1

w

-

w

© R (P, Wy W)

aw, J

1

= R (P(py ), W) {10a)

¥
CZ = f XJ (P(Ian+1)r “,.]k, W]) d“f‘l

\\J

r
\\‘

R (P(pya), W) w)
dw

- ‘{ o, ]
= R (P(pn+])7 W*); (lOb)
where
Wt{ = (“’ll‘v rwg(—ls “’}‘*]) t wh‘))r
k =0,1,eg, before or durmg CRP,

P(?;%) = (pis rp;n l?;1+1)1
P(pnl l) = (p){l rp:‘u pn—l)

C, - C, = R(P(p;.)), W5 - REP(P,.), W5 (100)

Observed changes in farmland values are general
equilibrium changes that reflect eonditions th oughout
the sector as well as any outside sector effects such as
the influence of urbamzation To 1solate the effect on
farmland value attrbuted sclely to the CRP, note that
the program payments, environmental benefits to
progtam-enrolled farmland, and a nisk premum from
contract payments are all (or primarily} in the $1 24-
billion welfare gamns captured in market n+1 The
remainder of the program effects on producer welfare
are 1n the affected commodity markets

There are three possible price effects in the com-
modity markets affected by the CRP If all program-
entolled eropland were used for crops that were at or
near umtary price elasticity for output demand, then
the welfare effect for markets 1 to n would be 0, since
umitary price elasticity imphes price changes are reve-
nue neutral Under umtary elastiaity, equation 10c 1s
the obset vational equivalent to equation 8, and the
survey results in table 1 represent the total producel
weltare effect of the CRP If these crops are nstead
generally elastic, then markets 1 to n will have a nega-
tive net welfare effect since price elastic demand for
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agricultural products implies price incieases are
revenue-decreasing The amount of lost revenue under
this scenario should not exceed the gains in market
n+1, as this would make the program a net loser for
producers If net losses were even remotely possible,
farmers would most Iikely anticipate losses, and pro-
gram participation would be very low For this sce-
natio, total CRP welfare effects would range between
( and the amount defined in table 1 The scenario most
likely to represent the majorty of markets affected by
the program will be that of an melastic demand for
producer output & A price nelastic demand for agn-
cultural output wiil result 1n adjustments in demand
that do not offset price increases, thus enhancing pro-
ducer revenue For this reason, the survey results in
table 1 most hkely are a lower bound of the total wel-
fare effects from the CRP To measure all effects, a
general equilibrium solution must be solved simul-
taneously That solution may be empirically
intzactable

A partial equilibrium approach to measuring the total
welfare change, outlined n Just, Hueth, and Schmitz
(4, p 211) identifies a subset of markets that are sig-
nificantly affected by the policy considered If the
number of markets significantly represents the scope
of affected markets, yet 1s not too large to manage,
then this subset can be treated as a market, and wel-
fare effects can be measured by simultaneously solving
for the new equiibrium In terms of a regional anal-
ys1s, this approach has empirical possibilities mn the
more homogeneous areas of the country For example,
m the Corn Belt States, corn and soybeans dominate
the market for cropland throughout the region Model-
ing the effects of the CRP could be achieved by consid-
ering these two markets plus some set of related
markets that could be considered jointly In contrast
to the Corn Belt, the Paafic 1s a very diverse produe-
tion region and a lar ge number of mairkets must be
considered to capiure a majority of the program
effects Tractability may be a problem 1n the Pacific
tegion

A recent study by Young and Osborn (12) in effect
identifies the U S agricultural sector as a tractable
subset of markets affected by the CRP They esti-
mated the net present value of producer income effects
from the CRP to range between $9 2 bilhon and $20 3
biilion These results are fiom an agricultural sector
partial equihibrium model and correspond to total
mcome effects in markets 1 through n The wide range
in their mcome effect estimates reflects the trae-
tability problem and 1s based on alternative policy and
price effect assumptions

Total producer welfare gams from the CRP, using the

partial equilibrium appioach of Young and Osborn and

®In an analysis of price elastieity for 40 major food 1tems, Huang
{3) estimates that grapes are the only ciop that 1s price elastic
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the smivey results of table 1, are the sum of these two
effects, or between $10 44 bilhion and $21 54 billion

The present discounted value of all producer welfare
effects from the CRP thus increases the average value
of US farmland between $11 and $22 per acre 7 The
equality of this sum and total producer welfare gains
from the CRP 1s evidenced by noting that land value
represents the capitalized value of expected rent
(equation 6), and adjustments 1n the value of farmland
represent the sum of all producer adjustments 1n total
welfare (equation 10¢)

Conclusions

The empirical results presented are obser ved program
effects through five signup periods of the Conservation
Reserve Program Indications from the average bids
i the final two signups suggest that the empirical
results probably represent the average effect across
all signup periods These results represent the aver-
age effects of ptogram payments, which include mar-
ginal (payments equal opportumty costs) and infra-
marginal (payments 1n excess of opportunity costs)
farmland enrollment The regions analyzed unan-
imously indicate a net positive effect in land value due
to program enrollment A null hypothesis that pro-
gram payments ate not greater than opportumty costs
1s refuted by the paradoxical implications of such an
assertion If the null hypothesis were true, the empin-
cal results would indicate that the most productive
farmland has been taken out of production 1n favor of
highly erodible, unproductive farmland This would be
contrary to program objectives, and would be highly
unlikely

Although comparisons are made with results from
tecent studies measuring CRP program effects, the
survey results, unlike the simulated results, are inde-
pendent of any underlying model They are consistent
with assumptions of contract prices in excess of
expected rents, yet would not contradict a scenario
where contract prices are wdentical to expected rents,
such that welfare gains are attrbuted to a risk pre-
mium The empnical results also capture investor
expectations of environmental benefits that can be
capitalized into the value of farmland This 1s sigmifi-
cant because 1t establishes a lower bound for measur-
mg program benefits in the farm sector The curtailed
supply of crops affected by the program increases the
welfare of all producers considerably more than duect
welfare effects to program participants
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