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Abstract: Previous research finds that some environmental benefits stemming from the
Conservation Reserve Program (CRP) are offset by slippage: farmers simply plant more acreage
to substitute for land that wasidled. Our analysis shows that previous slippage estimates likely
stem from spurious correlation. Most land retired under CRP is of lower-than-average quality.
Due to the marginal economic viability of these lands they also are more likely to move both into
and out of agricultural production. CRP enrollments therefore will be spatially correlated with
non-cropland to cropland conversions even if no sippage is present. Using time-series rather
than cross-sectional variation in CRP enrollments, we obtain new slippage estimates that control
for land heterogeneity using fixed and random effects. Contrary to previous findings, we find
little or no slippage in the form of new plantings of commodity crops. Moderate CRP-induced
plantings take the form of new hay plantings that arise mostly from converted pastureland, but
these conversions create little in the way of unintended environmental damages. Total
commodity production is reduced by less than the proportion of acresidled because land retired
Is of lower-than-average quality and because it sometimes stood fallow or in hay before it was
enrolled in CRP. Aside from its policy implications, our study demonstrates the crucial
importance of accounting for spatial heterogeneity in empirical research.

" The authors respectively are an economist and research assistant at the U.S. Department of Agriculture, Economic
Research Service. The views expressed are those of the authors and do not necessarily represent those of the U.S.

Department of Agriculture.



1. Introduction

There are two reasons economics has been decried a*“dismal science,” one born of pessimism,
the other of skepticism. The pessimism stems from early classicists Mathus and Ricardo who
hailed that technological change cannot forever outstrip population growth so that diminishing
marginal returns and limited natural resources will one day relegate the human condition to a
dismal state of welfare near subsistence. Skepticism (and sometimes-wise reflection) stems from
economists penchant for pointing out unintended and sometimes dismal consequences of
governmental policies. In this paper we confront skepticism about the efficacy of a conservation
policy that targets conservation. Specificaly, our topic pertains to the efficacy (and possible
unintended consequences) of the Conservation Reserve Program (CRP), a governmental program
that pays farmers nearly $2 billion per year to idle cropland so as to reduce soil and wind
erosion, improve water quality, and create wildlife habitat. In accordance with previous
research, we ascribe the term “slippage’ to a certain unintended consequences that stem from
acreage reduction programs, such as CRP.

Slippage refers to the phenomenon that total production decreases proportionately less
than the number of acresidled by land retirement programs (Wu, 2000; Hoag, et. al., 1993; Love
and Foster, 1990; Gardner, 1987; Rausser, et. al., 1984). Slippage stemsfrom four potential
sources. (1) aprogram idles land of lower-than-average quality; (2) the program causes more
intensive farming (and higher yields) on non-idled land; (3) new cropland is substituted for land
idled by the program; and (4) land idled by the program formerly resided within arotation that
was sometimes fallow. We subsequently refer to these sources as slippage Types 1-4. Although
thefirst dlippage type has been well established (Hoag, et a, Love and Foster, Weisgerber,

Gardner (p.60), and Tweeten (p. 315)), the other causes are less studied. We focus on Type 3



slippage because it pertains especially to the environmental benefits engendered by acreage
reduction programs—alot of it implies smaller environmental benefits than these programs
purport. We also touch on the Types 1 and 4, as these relate to our measurement of Type 3
slippage.

Our work builds on research by Wu (2000), that estimated the environmental
consequences stemming from CRP-induced Type 3 slippage. Using 1982-1992 NRI data he
estimated that for every 100 acres retired under the program, twenty non-cropland acres were
converted to cropland that would not have been converted otherwise, and thereby offset between
nine and fourteen percent of the soil and wind erosion benefits said to be engendered by the
program. For the Corn Belt states he reported slippage in excess of 30 acres for every 100 acres
retired.

In this paper we reexamine these previous estimates and create new ones based on a
different data and methods that bear notably different results. The paper proceeds as follows. In
the first two sections we define slippage and devel op a theoretically-based approximation of
Type 3 dippage. In section 4 we present evidence that previous findings are biased due to
omitted land quality variables. A spurious cross-sectional correlation between CRP enrollments
and land conversions arises naturally when both are correlated with land quality or other omitted
variables. In section 5 we present estimates based on time-series rather than cross-sectional
variation in CRP enrollments. These estimates control for land heterogeneity using county fixed
and random effects. Contrary to previous findings, we find little or no slippage in the form of
new plantings of commodity crops. Moderate CRP-induced plantings take the form of new hay
plantings that arise mostly from converted pastureland. These conversions, however, cause little

in the way of unintended environmental damages. Total commodity production is reduced by



less than the proportion of acresidled because land retired is of lower-than-average quality, and
because the land retired often stood fallow or in hay beforeit was enrolled in CRP. That is,

slippage results mostly from Types 1 and 4. Section 6 concludes.

2. The Sources of Slippage

Total domestic production (Qop) eqgauls the product of yield (y) and land area (I) summed over all
land types harvested, Qo = Z yili(p), where i indexes land types and the amount cultivated of each
type depends on a vector of prices and other state variables (p) that guide optimal planting
decisions. Yields differ across land types but are assumed exogenous within land units. CRP

retires a proportion (1-z) of each land unit to give anew production level Q; = Z zyili(p’). The

(1-27)
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proportion of total acreage retired under CRP equals and the associated proportional

production change equals Q- . The difference between these two quantities constitutes
0
slippage.
Sllppage - Z(l_z|)|l _Ql_QO
S Q
- > (), > (2-z)yi + > (1) yil: D, (1;)2p . (1)

Si oy > v
The expression Dy(l;) denotes the directional derivative of li(p). Type 1 slippageis
comprised of the first two terms of equation 1. Notice that when yields are the same across land
types, yields drop out of second term and the first two terms sum to zero. If yieldson retired

land units are smaller on average than those on remaining lands, then Type 1 dlippage is positive.



Because we assume within-land-type yields are impervious to prices and other state
variables, equation 1 cannot inform Type 2 slippage. Our own (simple) analysis using county
level crop yields shows no substantive correlation between forecast prices and county-level
yields. If Type 2 slippage exists then our data cannot detect it. We leave a more thorough
analysis of Type 2 slippage for future work.

The third term comprises Type 3 dlippage. If acreage retirement does not change the
price-state vector then Ap and the third term both equal zero. If reduced supply caused by land

retirement increases prices and thereby induces farmers to bring more land into
producti on(Dp(Ii )Ap > O) then the third term is positive.

Finally, Type 4 “dlippage’” may be more accurately described as mis-measurement of
CRP-induced reduction of plantings. If aunit of land is cropped an average of two of every five
years (usually the minimum required to qualify for CRP) then enrollment of five acres reduces
subsequent plantings by an average of just two acres. Given current CRP guidelines this kind of
“dlippage’ could be substantial, but it does not imply that CRP causes unintended environmental

damages.

3. Theoretical Basis of Type 3 Slippage

Our next objective isto derive atheoreticall y-based approximation of Type 3 dippagein
order to obtain a better understanding of the fundamental forces that determineits size. With this
goal in mind, we simplify the analysis by assuming that for each land type i there exists a supply
curve, li(P), that depends on a scalar price P that aggregates the marginal revenues from all
profitable cropping activities. Similarly, we assume there exists a derived world demand for

cropland, Q%P). Both demand and supply should be more inelastic as compared to individual



commodities because substitution effects have been subsumed into a composite commodity,
cropland. Under these assumptions, a constant elasticity of derived world cropland demand (&),
constant supply elasticities (&) for all land types (both foreign and domestic), and zero slippage

of Types 1,2, and 4, then Type 3 dippage equals:

v(l-2)-1 5
V5%3+v(1—z) = @

where v denotes the domestic share of world production.
We derived equation 2 using the following definitions:
Qo domestic quantity land supplied prior to CRP
Qw  world quantity of land supplied prior to CRP
Qw world quantity of land supplied after CRP: Q'w = {Qo/vV—(1-2Qo+ S}
S difference between CRP land retired and the world-wide difference in land
planted: S= (1-2)Qo— (Qw—Q'w)

vS
(1 - Z) Qo

domestic Type 3 dlippage as a proportion of land retired under CRP.

%AQ percent change in world-wide acreage planted: %AQ = %

%AP percent change in price associated with %AQ
The three quantities %AQ, %AP, and Sare found by solving the following three equations:
(world demand) %AQ = %APE ©)

(supply response) S={Qu/v - (1-2)Qo} £%AP (4)



_ (@1-2Q,+S_vS
0 - _ - _ —
(CRP less supply response) /AQ Q,/V Q v(l-2)

(5)

Equation 2 is derived by substituting equation (3) into equation (5) and solving for %AP, then

substituting the solution for %AP into equation (4), and solving for S. Simplification gives

_ v(l-2)-1
S=(1-2)Q
(1-2)Q gés v(1-7)-1

Type 3 dippage %E{therefore equals the expression in equation 2. If other dlippage

types (Types 1,2 or 4) are aso present, then these reduce the amount of Type 3 slippage, because
CRP then reduces world production by an amount smaller than (1-2)Qo.

Equation 2 provides a useful way to obtain benchmarks for Type 3 slippage, the primary
focus of this paper. The expression isintuitive: it says that slippageis larger the greater the
domestic share of world production, the smaller the world demand elasticity, and the greater the
supply elasticity. Holding all else the same, slippage tends toward zero as the domestic share of
world production tends to zero, as the world demand el asticity tends toward infinity, or the
supply elasticity tends toward zero. A rough benchmark is derived by assuming & = -&°. In this
case, dippage can be no greater than v/i2. Slippageis largest (= v) when demand is perfectly
indlastic (¢! = 0) or supply infinitely elastic (€ = infinity). For example, if &= -&", CRP retires
five percent of US land, and the US provides about 20 percent of world production, then
equation 2 implies Type 3 slippage of about 9.9 percent—about a one-half percent of the five

percent retired would be offset by new plantings. If retired land were of lower than average



quality and/or not perpetually cropped with major commodities, then Type 3 slippage would be

proportionately smaller.’

4. Previous Slippage Estimates and Spurious Correlation

In this section we replicate Wu's Type 3 slippage estimates and show how they may be biased
upward due to spurious correlation. These slippage estimates were based on data from the
National Resources Inventory (NRI). We begin by explaining the content and nature of these
data.

The NRI isasurvey of land use conducted every five years by the Natural Resource
Conservation Service (NRCS). Thissurvey is used to track land use and the condition of the
nation’ s soil, water, and habitat resources at over 800,000 sites selected from a nation-wide
geographically stratified random sample. Broad characteristics of the each parcel are collected
along with detailed information on a cluster of two to three randomly chosen points at each site.
The sites and points have remained roughly constant since 1982 so that changes at particular
sites can be tracked over time. The sampleislarge enough to draw reliable population
inferences at approximately the crop-district level (about 10 counties), but have large standard
errors at higher resolutions.

The strengths of the NRI data set are that it contains detailed information about land

quality and that it mostly surveys the same sites over the years. Its weaknesses includeits

! Given crop histories of CRP lands prior retirement (reported in Wu as, 19.4 percent, 10.8 percent, and 27.9 percent
planted to corn, soybeans, and wheat respectively), highly inelastic estimated supply elasticities (Lin, et. a.), and
past estimates of Type 1 slippage, this “back-of-the-envelope” approximation is a somewhat conservative (high)

one.



infrequency and inability to draw inferences at a high geographic resolution. Also, in 1987 only
about athird of the sites were sampled—the unsampled points were interpolated, mostly from
previous and subsequent survey years and aternative data sources. So population inferences
about 1987 land use are valid only at the state level.

Using the 1982 and 1992 NRI data, Wu estimated the amount of land in each crop district
that was converted from non-cropland to cropland (denoted NC for ‘ new cropland’) and the
annual erosion reduction per CRP acre (aland quality proxy). He merged this data with CRP
enrollment data obtained from the Economic Research Service (USDA-ERS). Although the NRI
also collects data about CRP enrollments, the sampling error would bias regression estimates
downward in magnitude. Other variablesincluded in Wu's analysis were the corn base acres
retired per CRP acre, wheat base acres per CRP acre, the percent change in population, and each
district’stotal land area. His slippage estimates were based on aregression of NC acres against
CRP acres and the other variables (denoted by the vector X). Denoting crop districts by the

subscript i, the model for thisregression is

NCi=a+ ﬁCRPi'i'Xi)/'i' &. (3)

Both NC and CRP acres were scaled as a proportion of each district’ stotal land area. Our
replication of thisregression is reported in the first column of Table 1. Our estimates and
standard errors closely match Wu's, although there are slight differences because we use an
updated 1997 version of the NRI and account for the small amount of land that dropped out of
CRP. We also report similar estimates based on the 1992-1997 NRI and associated CRP

enrollment changes.



Our main concern with these regressions pertains to missing-variables bias. The source
of dippage identification is from cross-sectional variation in CRP enrollments, which are
logically correlated with land quality and other geographical characteristics. It is plausible that
the number of CRP acresretired is therefore correlated with land quality and other characteristics
that determine land use. Our concern is corroborated with data from NRI that show a strong
statistical correlation between the amount of land converted from non-cropland to cropland and
its opposite, the amount moving from cropland to non-cropland. This land use pattern makes
sense: in high-land-quality areas land is usually cropped and rarely moves between non-cropland
and cropland. Inlow-land-quality areas, land is marginally viable as cropland and more likely to
move both into and out of production, often for idiosyncratic reasons. Low quality land is also
more likely to be enrolled in CRP. So if one regresses conversion from non-cropland to cropland
against CRP enrollments, one should find a positive relationship even if Type 3 slippage equals
zero—it isastatistical relationship that does not imply causation. Figure 2 illustrates how this
Spurious correl ation arises.

However, it could be that covariates besides CRP (erosion, corn base acres, and wheat
base acres) adequately control for land quality. A simple way to check the adequacy of these
controlsisto estimate a regression identical to equation 3 except with the dependent variable
replaced with its opposite: land converted to non-cropland from cropland (excluding CRP
enrollments—denoted X C for ‘exiting cropland’). The model for this auxiliary regression is

given by

XCi=a + SCRP + Xy + &’ (4)

10



If CRP enrollment predicts both entry and exit of cropland then it suggests that both relationships
are spurious. These results, also reported in Table 1, suggest spurious correlation. Taken at face
value, the covariates explain exiting cropland about as well as entering cropland and imply that
CRP causes negative slippage of about 12 of every 100 acresin the Corn Belt region.

It may seem appropriate to ssmply sum the coefficients of the two regressions and derive
net slippage. This calculation changes the slippage estimates to about 17, 11, and 22 percent for
the Corn Bdlt, Lake States, and Northern Plains, respectively. Although the northern plains
estimate is larger, the overall slippage estimate drops as compared to Wu's estimates. It seems
more likely, however, that both regressions are biased due to missing land quality and
geographical factors correlated with CRP enrollments, so such an interpretation is misplaced.

Heterogeneous land quality biases cross-sectiona Type 3 slippage estimates but also
Instigates Type 1 slippage: because farmers are more likely to retire lower-than-average quality
land, taken from a national perspective, average yieldsincrease. Evidence of thiskind of
dlippageis provided in Table 2. The table shows the estimated average yields for the maor field
crops on CRP land as compared to nationwide average yields. These estimates were based on
county-level yields, not field-level yields, so it islikely that they underestimate Type 1 slippage.
That is, they account for dlippage stemming from between-county differencesin CRP
enrollments and land quality, but fail to account for within-county differences. Type 1 dlippage

is largest for corn and least for wheat acreage.
5. Alternative Slippage Estimates
In this section we present slippage from alternative data and regressions that use time-series

rather than cross-sectional variation in CRP enrollments as a source of identification. This
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approach takes advantage of the fact that CRP enrollments vary considerably from year to year;
so we may identify slippage by examining cropland changes within regions as they relate to
changes in enrollment over time (see Table 3). This approach contrasts with the estimatesin the
last section that are based on differencesin CRP enrollment across crop districts. The NRI data
are not suitable for estimating slippage in this way because it only reports land use in five-year
increments (or, due to the reduced sample size in 1987, just a ten-year increment between 1982
and 1992). Rather, we use year-to-year changes in acreage plantings as reported from the
National Agricultural Statistical Service (NASS).

Like the NRI data, the NASS data also have strengths and weaknesses. Its strength isits
relative precision at the county level and the fact that it reports plantings and harvests of major
cropsin every year. Itsweaknesses are that it does not track individual land parcels and cannot
detect double cropping, and therefore is not an exhaustive account of land use. However, double
cropping is rare (about 12 million of 312 million acres harvested nationwide (USDA-ERS)), and
the major field crops we examine account for the great majority of cropland use, especially in
areas with the greatest CRP enrollments.

We measure land use in a given county-year by the sum of harvested acreage for barley,
corn (grain), cotton, hay, oats, rice, sorghum (grain), soybeans, and wheat. We also provide
estimates based on planted acreage of these crops minus hay. These crops collectively account
for over 90 percent of the nation’s cropland. The data span the years from 1987 to 1997 and
include 2,547 counties. Although there is some measurement error associated with these
estimates, due both to sampling error and the non-exhaustive account of land use, these should
not bias our results or standard errors unless the year-to-year changesin these errors are

systematically correlated with CRP enrollments, which seems unlikely. Slippage estimates
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based on harvested land will be biased upward to the extent that planted acreage is not
subsequently harvested.

Our CRP data are derived from actual county-level enrollment data obtained from the
Kansas City office of NASS and are like those used by Wu, with two differences. First, our data
are updated with enrollments since 1992; second, our data take into account land that was
enrolled in CRP but later dropped out of the program.

Each estimate is based on a specia case of following model:

ACit - a + ﬂACRPn; + YiACRPit + &t (5)

where AC;; measures county i’s net change in total cropland between yearst and t-1 and ACRP;;
measures the associated change in CRP enrollments. The parameter § measures the average
change in acres harvested (or planted) for every acre enrolled in CRP; o measures county i’s
trend in land use, and y; measures the difference between county i’s CRP-induced acreage
change as compared to the average induced acreage change. In all regressions both AC;; and
ACRP;; are divided by a county-level “base” acreage estimate. For each county this base value
equals the largest observed value (between 1987 and 1997) of NASS harvested acreage plus CRP
acreage, census-reported harvested acreage plus CRP acreage, or NASS planted acreage plus
CRP acreage.”

This model predicts net CRP-induced retirement rather than CRP-induced slippage. The

equivalency between the two approaches is portrayed by the identity ACi; = ACRP;; + NC;j; - XCit.

2 Due to sampling error and because harvested acreage includes hay whereas planted acreage does not, it is possible

for any of these three variablesto be largest.
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The substantive difference between our model and those estimated in last section is that we
effectively sum NC;; and -XC;; to obtain ‘ net slippage’, and more importantly, we include eleven
years for each county rather just single difference between two years for 128 crop districts.
Having multiple time differences for each county has several benefits. Aggregate changesin
land use that cause different land-use changes in different regions (for instance, due to variable
land quality) will tend to average out over time. This should reduce spurious correlation of the
kind described in the last section. Furthermore, we can identify trends in cropland use, both in
aggregate and for specific counties, which controls for entirely for spatial heterogeneity of land.
The models in the last section could not include crop-district-level trends because only asingle
difference was available for each crop district—the source of identification was restricted to
cross-sectional differencesin CRP enrollment. With our panel data we can restrict the source of
Identification to within region differences in CRP enrollments over time.

Slippage estimates based on our county-level panel data set are reported in Table4. The
OLS estimates assume that «; isthe samefor al countiesand all y; equal zero. The fixed-effects
model relaxes the assumption of homogeneous county-level trends (by estimating a different «;
for each county). We remove these fixed effects by simply removing the average values of the
dependent and independent variables for each county. This model effectively controls for all
county differences, obviating the need for geographically-varying covariates to serve as controls.
The mixed-effects model alows for a correlation between CRP-induced cropping changes and
the county level trend. In the mixed effects model, &; and y; are treated as random effects with
their mean values (the intercept and f) reported as fixed effects. That is, the model alows both

cropland trends and the net retirement rate (or slippage rate) to be different for different counties.
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Lastly, the table reports results from arobust regression, iterated re-weighted |least squares, that
shows that the OL S results are not fabricated by extreme observations.®

The first column of Table 4 reports results when total NASS harvested acreage serves as
the dependent variable; the second column reports results when total NASS planted acreage
serves as the dependent variable. The differences between the two dependent variables are that
harvested acreage includes hay, does not include acreage planted that was later not harvested,
and sampling errors. Both values therefore underestimate total cropland and should therefore
underestimate land retirement, because some land retired under CRP may not be embodied in our
acreage estimate. Harvested acreage underestimates cropland because it does not include all
crops planted; our planted acreage does not include hay. Despite these shortcomings, the results
prove to be informative.

The estimated values for  are similar across all models for both dependent variables
(between 0.6 and 0.73). These estimates imply that about six to seven acres are removed from
subsequent harvests and plantings for every ten acres retired. Despite the fact that planted
acreage is usually less than harvested acreage (due to the omission of hay) the estimatesin the
second column are at least as large as those in the first column. This result suggests that acreage
removed from production derives mostly or entirely from crops besides hay. The fact that some
planted acreage is not subsequently harvested can explain why the second-column coefficients

tend to be larger, even though it accounts for less total acreage.

® This regression is based M-estimator that uses Huber’ s |oss function (rather than least squares) with a tuning
parameter c=1.345 and a scaling parameter s estimated by iterated MAD (median absolute distance of the residuals).

See Venables and Ripley, p. 167-170.
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How much slippage isimplied by the estimated £ parameters? The answer to this
guestion depends on how frequently land was cropped prior to its enrollment in CRP—in other
words, the amount of Type 4 slippage. CRP requires only that |and be cropped during two of the
five years prior to enrollment. Thus, #= 0.7 could imply Type 3 slippage between negative 30
percent (all CRP land formerly was cropped in just two of every five years) and positive 30
percent (all CRP land formerly was always cropped). According to Wu's calculation, 58.1
percent of CRP land resided in corn, soybeans, or wheat, prior to its enrollment. These three
major crops constitute the vast majority of land measured by our planted-acreage measure
(column 2), especially in counties where CRP enrollment islargest. Thus, if no slippageis
experienced for these major commodity crops, the second-column £ estimates should equal
approximately 0.6, which they do.

One surprising result is that the coefficients in column two are equal to or greater than
those in the first column. The largest difference between these two dependent variablesisthe
omission of hay in the second column. A smaller difference isthat some planted acreageis not
subsequently harvested. The similarity of these coefficients suggests that hay cropland is not
reduced by CRP land retirement. Our own estimates, based on the 1979-1982 disposition of land
in the NRI that was subsequently enrolled in CRP, imply that up to about 30 percent of CRP-

retired land was formerly planted with grassiand hay.? Because total hay harvests appear to be

* This number is calculated from the 1979-1982 crop histories of NRI points classified as cropland in 1982 and
subsequently classified as CRP. Across all of these points and years an average of 3.05 of 4 years were planted with
cultivated crops (not fallow or grassland hay). In addition, about 7 percent of CRP land was classified as
uncultivated cropland (mostly hay and fallow) or pastureland, the crop histories of which are not available in the

NRI.
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unrelated to the amount of land retired under CRP, it suggests slippage of up to 30 percent in the
form of new hay plantings.

What are the environmental implications of hay dlippage? Because we cannot discern
which lands would and would not have been converted from non-cropland to hay plantings (and
vice versa) in the absence of CRP, direct erosion estimates cannot be made. However, the NRI-
based estimates, reported in Table 5, suggest asmall difference in erosion levels stemming from
hay slippage. The table reports erosion estimates of different land use categories for 1982 and
1997 based on the Universal Soil Loss Equation (ULSE). In particular, note that the erosion on
land that was converted from pastureland to uncultivated cropland changed from an estimated
1.07 tong/acre to 1.04 tons/acre. Because the vast mgjority of land classified as “ uncultivated
cropland” is grassland hay, these numbers suggest that erosion was actually reduced as a result of
hay slippage. Furthermore, of the lands that did not change in disposition, those residing in
uncultivated cropland experienced just over half the level of erosion that occurred on
pastureland. As compared to cultivated cropland erosion levels on both pastureland and
uncultivated cropland are quite small—whether erosion increases or decreases due to hay

slippage, the differenceis clearly immaterial.

6. Conclusion

This paper presents evidence on three sources of slippage stemming from CRP: the program
retires land of lower-than-average quality (Type 1 slippage); the program induces farmers to
bring new land into production (Type 3 slippage); land retired under the program was sometimes
fallow prior to its retirement (Type 4 slippage). Our Type 1 slippage estimates are in line with

previous estimates in the literature, ranging from about 3 to 9 percent depending on the year and

17



crop. Our Type 3 dippage estimates are approximately zero for major commaodity crops but may
imply substantive CRP slippage in the form pasture to hay cropland conversions. Type 4
slippage could be substantial; however, given crop histories, it should be relatively
straightforward to take into account.

The theoretical basis for Type 3 slippage, outlined in section 3, implies that CRP-induced
non-cropland to cropland conversions should be allocated among crops in about the same
proportion as cropland idled under CRP. How can we reconcile theory with the observed
difference in slippage rates between hay and commodity crops? This difference might be
explained theoretically within the context of a multi-product production function wherein idled
cropland, through the use of rotations, formerly served as an input to both commodity crops and
non-cropping activities, such as cattle operations. The absence of commodity crop slippage can
be understood as a minimal price-feedback effect per the theory in section 3. However, a
byproduct of theidled cropland included hay production, which served as an input to the cattle
operations. Without new hay plantings, CRP land retirement aso would have induced smaller
cattle operations. Rather than scale back cattle operations or purchase hay from the open market,
it could be most profitable for farmersto simply convert some of their pasture into hay
production.

If the policy goa of CRP isto reduce commodity supply and thereby increase prices then
policy makers should take into consideration all three types of slippage that we have examined.
If, however, the primary goal of CRP pertains to the environmental benefits of these programs,
then Type 3 dlippage is of primary interest. Does CRP have the unintended consequence of
inducing farmers to ssmply convert pastureland to cropland to replace land that was retired? If

thiskind of slippage exists, it mainly takes form of conversions from pasture to new hay
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plantings. Because pastureland and hay cropland induce similar erosion levels, this kind of

slippage entails minimal environmenta consequences.
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Figure 1. Slippage determinants
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Table 1. A comparison NRI-based results suggests spurious correlation (equations 3 and 4)

Explanatory variables

1962-1992 NRI

Updated model

Non-cropland to
cropland (NC)
Coefficient T-Stat Coefficient T-Stat

1992-1997 NRI

Updated-reversed

Cropland to non-

I ntercept

Acres of CRP land enrolled by 1992
as apercent of the total land area
(CRP)

CRP * adummy variable for lake
states

CRP * adummy variable for
northern plains

CRPrental rate ($/acre)

Average annua erosion reduction
per CRP acre (tons/acrelyear)
Corn base acresretired per CRP
acre

Wheat base acresretired per CRP
acre

Percent change in population 1982-
92

Change in average size of farm
1982-92

Total land area (millions acres)
R-square

Wu's model Wu's model
replicated reversed

Non-croplandto  Cropland to non-
cropland (NC) cropland (XC)

Coefficient T-Stat Coefficient T-Stat
00344 579 00318 517
0.2963 6.80 01250 2.77
-0.1086 -1.68 -0.0455 -0.68
-0.1850 -3.27 -0.2362 -4.03
-0.0003 -285 -0.0001 -0.91
-0.0003 -142 -0.0001 -0.71
0.0291 234 0.0030 0.24
0.0284 208 0.0161 1.14
0.0001 092 0.0005 3.93
-0.0002 -1.57 -0.0001 -0.79
-0.0017 -3.20 -0.0019 -3.33

0.43 0.42

0.0102
0.3287

-0.1457

-0.3714

0.00001
-0.0002

-0.0027

0.0132

0.0005

-0.0002

-0.0008
0.49

1.83
6.88

-2.61

-6.27

-0.70
-1.13

-0.27

1.26

1.94

-0.81

-1.70

cropland (XC)
0.0125 2.33
0.1187 257
-0.0312 -0.58
-0.1802 -3.14
0.00003 -0.50
-0.0004 -2.54
0.0222 2.36
0.0268 264
0.0007 257
-0.0008 -3.24
-0.0014 -2.93
0.50
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Table 2. County-level comparison of CRP and nationwide yields (standard errors in parentheses)

Average Yields
Corn Soybeans Wheat

CRP ALL T-Stat Ratio| CRP ALL T-Sta Rati CRP ALL T-Stat Ratio

Y ear 0]

1987 | 108.1 1115 412 95% | 311 331 880 94% | 345 35.0 172  98%
(0.69) (0.46) (0.17) (0.17) (0.22) (0.29)

1988 | 107.1 1138 7.76 94% | 31.2 335 962 93% | 34.3 35.5 369 9%
(0.73) (0.46) (0.17) (0.17) (0.22) (0.29)

1989 | 106.2 1159 1101 92% | 31.6 34.0 960 93% | 345 36.1 491  95%
(0.75) (0.46) (0.18) (0.17) (0.22) (0.25)

1990 | 106.7 1176 1224 91% | 321 345 959 93% | 34.6 36.4 520 95%
(0.76) (0.47) (0.18) (0.18) (0.22) (0.25)

1991 | 1074 1189 1289 90% | 32.6 363 1078 92% | 35.2 36.8 464  96%
(0.76)  (0.46) (0.18) (0.17) (0.23) (0.26)

1992 | 1086 120.3 13.32 90% | 33.2 358 1029 93% | 35.7 36.8 3.00 97%
(0.75)  (0.46) (0.18) (0.18) (0.24) (0.27)

1993 | 1129 1225 1114 92% | 339 36.2 913 9% | 36.2 37.1 231  98%
(0.72) (0.48) (0.18) (0.18) (0.25) (0.27)

1994 | 1122 1241 1358 90% | 344 36.7 890 94% | 36.9 375 169 98%
(0.74) (0.47) (0.19) (0.18) (0.26) (0.28)

1995 | 1150 126.6 13.02 91% | 34.8 37.3 946 93% | 374 38.3 219  98%
(0.75) (0.48) (0.19) (0.18) (0.27) (0.29)

1996 | 1166 1271 1170 92% | 35.2 37.6 9.05 94% | 376 38.6 237  98%
(0.76)  (0.48) (0.19) (0.19) (0.27)  (0.30)

1997 | 1174 129.0 1257 91% | 35.2 37.9 956 93% | 38.0 38.8 175 98%
(0.78)  (0.49) (0.20) (0.19) (0.28) (0.3

1998 | 1186 130.3 1251 91% | 35.6 38.2 950 93% | 38.1 39.6 3.65 96%
(0.8) (0.50) (0.20) (0.20) (0.28) (0.32)

1999 | 1209 1323 1223 91% | 36.1 38.8 929 93% | 38.6 40.1 327  96%
(0.79) (0.50) (0.21) (0.20) (0.30) (0.33)
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Table 3. CRP Enrollments by Y ear

Year Nationwide changein
cumulative acres enrolled in
CRP

1986 1,957,610

1987 13,478,620
1988 8,568,005

1989 5,070,582

1990 3,719,432

1991 405,885

1992 929,601

1993 954,012

1994 -68,772

1995 -37,362

1996 -476,477

1997 -1,687,202
1998 -2,688,206
1999 -303,024

2000 1,602,018

2001 2,182,812
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Table4. Alternative estimates based on NASS-reported plantings and harvests.

Dependent Variable
Difference in sum of Difference in sum of
Model and explanatory parameters NASS-reported NASS-reported
harvests/base plantings/base
(excludes hay)
OoLS
Standard Standard
Coefficient Error Coefficient Error
Intercept 7.5e-5 7.84e-4 -0.0059 0.00056
Difference in CRP /base -0.609 0.028 -0.618 0.020
R-square 0.0170 0.0338
County fixed-effects model
(county fixed-effects not reported) Standard Standard
Coefficient Error Coefficient Error
Difference in CRP /base -0.634 0.0296 0.632 0.0212
Mixed-effects model
County random effect
Covariance between
county trend (intercept) -0.0253 -0.0082
and CRP enrollment change
Standard Standard
Fixed effects Coefficient Error Coefficient Error
I ntercept 0.0002 0.0008 -0.0054 0.0006
Difference in CRP /base -0.6138 0.0325 -0.7224 0.0309
Robust (iterated re-weighted least squares)
Standard Standard
Coefficient Error Coefficient Error
Intercept 0.0008 0.0005 -0.0023 0.0004
Difference in CRP /base -0.613 0.0181 -0.603 0.0137

Notes:

(1) All modes estimated with 26,959 observations taken from 2,547 counties from the years
1987 to 1997. Observations with missing values for crop plantings or crop harvests were

omitted.

(2) A mixed-effects model with within-county autocorrelation (not reported) also was
estimated to control for a small amount of negative residual autocorrelation. The estimated
coefficients change by less than half of one standard error.
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Table 5. USLE Soil Erosion Change

1982 Sail Loss 1997 Sail Loss
1982 Land Use tons\acre\year 1997 Land Use
total tons per year (in hundreds)
Land enrolled in the CRP
Cultivated cropland 7.20 0.41 CRP
2,115,033 119,518
Uncultivated cropland 1.64 0.56 CRP
17,114 5,834
Pastureland 1.18 0.55 CRP
15,709 7,366
Land that changed intensity
Cultivated cropland 5.67 0.94 Uncultivated cropland
1,040,857 172,802
Cultivated cropland 7.60 0.62 Pastureland
1,116,940 90,598
Uncultivated cropland 0.82 3.26 Cultivated cropland
95,389 381,147
Uncultivated cropland 0.86 0.66 Pastureland
39,443 30,068
Pastureland 0.69 6.16 Cultivated cropland
64,720 579,080
Pastureland 1.07 1.04 Uncultivated cropland
63,569 62,006
Land that did not change intensity
Cultivated cropland 4.48 331 Cultivated cropland
13,307,259 9,843,235
Uncultivated cropland 0.67 0.60 Uncultivated cropland
155,210 137,504
Pastureland 1.15 1.04 Pastureland
1,058,162 961,023
Total soil loss  1,908,940,258 1,239,018,093

Source: NRI estimates based on the Universal Soil Loss Equation (USLE).
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