The Impact of the Renewable Fuels Standard on Cropland Transitions

Nathan P. Hendricks1
November 2018
Overview
The Renewable Fuels Standard (RFS) increased the price of crops—providing an incentive to
convert noncropland to crop production and to avoid abandoning cropland to noncrop uses.
We use point level data on broad land uses from the National Resources Inventory to quantify
these impacts across major crop producing regions of the United States. Our analysis uses a
correlated random effects probit model that controls for unobserved heterogeneity that could
otherwise bias our estimates. Overall, we find that cropland expansion increased by 1.6 million
acres due to the RFS and cropland abandonment decreased by 1.2 million acres, for a net
increase of 2.8 million acres of cropland that can be attributed to the RFS policy.
Data
Land use transition data are from the National Resources Inventory (NRI) collected by Natural
Resources Conservation Service (NRCS). The NRI provides annual land use data at a sample of
points across the United States from 2000 to 2012. Our analysis focuses on cropland (cultivated
and noncultivated) transitions with pasture or Conservation Reserve Program (CRP). We also
use the information in the NRI about the land capability classification of the point and the soil
texture. If the point is enrolled in CRP, the NRI indicates the year of the general signup number
associated with its enrollment. The point level data from the NRI indicates the county that the
point is located in, but not the GIS location, so variables constructed from other data sources are
merged to the NRI by county.
We construct cropland returns as a 10-year discounted stream of expected returns
averaged across the relevant crops of the county assuming a discount rate of 5%. Crops
included in the calculations include corn, soybeans, winter wheat, spring wheat, rice, cotton,
and sorghum. Projected prices for the next 10 years are obtained from the Agricultural Baseline
Database from Economic Research Service. These prices are created as part of USDA’s longterm projections report. For the yields, we estimate county-specific trend yields. Costs of
production are from Economic Research Service Commodity Costs and Returns. Cost of
production are at the Farm Resource Region level or groups of states—ERS has changed their
definition of regions over time. We include costs for seed, fertilizer, chemicals, and custom
operations. Other cost categories were not included because the definition of other cost
categories changed over time and we want consistent costs over time. The cost categories that
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we include represent the primary cost differences across commodities. We assume constant
costs over the 10-year period. Returns are then averaged across crops for each county where the
weight given to each crop is the 5-year moving average acres planted to that crop.
Pasture returns are calculated as an estimate of pasture rental rates from information
about the animal unit months from the pasture and the price of hay (Hofstrand and Edwards,
2015). Animal unit months at the county level are obtained from work by Atwood et al. (2005)
who extracted the values from the STATSGO soils data and cleaned the data.2 Hay prices are a
5-year moving average of hay prices from NASS (National Agricultural Statistics Service).
Translating animal unit months into rental rates requires several other parameter assumptions
that can vary across states. Instead of making assumptions about these parameters, we calibrate
our rent estimates by state so that our rent estimate is similar in magnitude to 2009-2016 pasture
rental rates reported by NASS.
Several important variables for CRP were obtained at the county level through a
Freedom of Information Act request. The returns from enrolling in CRP are the rental rate of
newly enrolled contracts. CRP rental rate data available online are the average rent for all
enrolled acres, but we use only the rental rate of newly enrolled contracts which represents the
decision variable for famers. Data are also utilized on the average Environmental Benefits Index
of land offered—land both accepted and rejected—for CRP enrollment. We also obtain data on
how many acres had expiring contracts in each year based on the original contract and how
many acres were eligible for early contract release in 2015 (see Stubbs, 2014).
Climate data at the county level are from Hendricks (2018). We assume that farmers
make land use decisions based on expected climate conditions and that these climate conditions
are approximated with a 30-year average of weather variables. Weather variables included are
the water deficit, water surplus, growing degree days between 10°C and 30°C, and extreme
degree days (degree days above 30°C). Water deficit and surplus are calculated from a daily
water balance model. Water deficit represents the amount of reference evapotranspiration
demand that cannot be met by available water. Water surplus represents precipitation in excess
of evapotranspiration demand. Hendricks (2018) provides greater detail on the calculation of
these variables.
Figure 1 shows the areas included in our analysis and the different regions—separate
models were estimated for each region. The label of the region in figure 1 indicates the letter of
the Land Resource Region (LRR) and multiple letters indicate that LRRs were combined. LRR M
had many more NRI points than other LRRs and included some areas that were very densely
cropped while other areas had a substantial portion of grassland. Therefore, we divided this
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LRR based on whether the Major Land Resource Region (a subregion within am LRR) had
grassland area less than or greater than 15% of the area of cropland.

Figure 1. Map of Regions for the Analysis
Methods
Econometric Model
A core feature of the NRI data is that we observe actual land use transitions over time. We
estimate the effect of changes in crop returns on transitions between cropland and pasture and
between cropland and CRP. The probability of expansion of cropland from pasture is estimated
as
𝑃𝑟𝑜𝑏(𝑙𝑢𝑛𝑡 = 𝑐𝑟𝑜𝑝|𝑙𝑢𝑛,𝑡−1 = 𝑝𝑎𝑠)
𝑐𝑟𝑜𝑝 𝑐𝑟𝑜𝑝
𝑅𝑚𝑡

= 𝛷(𝜃0

𝑝𝑎𝑠 𝑝𝑎𝑠
𝑅𝑚𝑡

+ 𝜃0

𝑐𝑟𝑜𝑝

+ 𝜑0

𝑐𝑟𝑜𝑝
𝑝𝑎𝑠 𝑝𝑎𝑠
𝑅̅𝑚 + 𝜑0 𝑅̅𝑚 + 𝜹′0 𝑿𝑛 )

where 𝑃𝑟𝑜𝑏(𝑙𝑢𝑛𝑡 = 𝑐𝑟𝑜𝑝|𝑙𝑢𝑛,𝑡−1 = 𝑝𝑎𝑠) denotes the probability that NRI point 𝑛 has a land use
of cropland in year 𝑡 and pasture in year 𝑡 − 1 and this probability is a function of the returns to
𝑐𝑟𝑜𝑝
𝑝𝑎𝑠
cropland (𝑅𝑚𝑡 ) in county 𝑚, returns to pasture (𝑅𝑚𝑡 ), and a vector of other characteristics of
the NRI point (𝑿𝑛 ). The notation 𝛷(⋅) denotes the cumulative normal distribution to indicate
that the probability is estimated with a probit model. The probability of abandonment of
cropland to pasture is estimated similarly as
𝑃𝑟𝑜𝑏(𝑙𝑢𝑛𝑡 = 𝑝𝑎𝑠|𝑙𝑢𝑛,𝑡−1 = 𝑐𝑟𝑜𝑝)
𝑐𝑟𝑜𝑝

= 𝛷(𝜃1

𝑐𝑟𝑜𝑝

𝑝𝑎𝑠 𝑝𝑎𝑠
𝑅𝑚𝑡

𝑅𝑚𝑡 + 𝜃1

𝑐𝑟𝑜𝑝

+ 𝜑1

𝑐𝑟𝑜𝑝
𝑝𝑎𝑠 𝑝𝑎𝑠
𝑅̅𝑚 + 𝜑1 𝑅̅𝑚 + 𝜹1′ 𝑿𝑛 ).

The controls included in the regression to account for soil productivity include a set of binary
variables to indicate if the land capability classification is 1 or 2, if the land capability
classification is 3 or 4, and indicators for five different soil texture classifications. Controls to
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account for the climate of each county include water deficit, water surplus, growing degree
days, and extreme degree days. The models are estimated separately for each region in figure 1
because we expect that crop returns have a different impact on transitions in different regions.
1
𝑗
𝑗
We control for average returns (𝑅̅𝑚 = 𝑇 ∑𝑡 𝑅𝑚𝑡 ) to account for unobservables that may be

correlated with returns. This specification is known as the correlated random effects probit
model and assumes that conditional on average returns and observables 𝑿𝑛 , any remaining
unobserved heterogeneity is uncorrelated with returns (Wooldridge, 2010). Intuitively, adding
𝑐𝑟𝑜𝑝
𝑝𝑎𝑠
𝑅̅𝑚 and 𝑅̅𝑚 as controls means that we are exploiting changes in returns over time rather
𝑐𝑟𝑜𝑝
𝑝𝑎𝑠
than the pure cross-sectional variation in returns. The parameters 𝜑0
and 𝜑0 are nuisance
parameters to account for unobserved heterogeneity and should not be interpreted as causal
parameters. The cross-sectional variation in returns is subject to concerns about omitted variable
bias because NRI points in counties with higher returns may be more likely to convert to
cropland but for reasons not fully accounted for in 𝑿𝑛 . Instead, we want to primarily exploit
changes in crop returns over time that occurred due to changes in the demand for crops.
The probability of expansion of cropland from CRP (i.e., exiting CRP) is estimated as
𝑃𝑟𝑜𝑏(𝑙𝑢𝑛𝑡 = 𝑐𝑟𝑜𝑝|𝑙𝑢𝑛,𝑡−1 = 𝐶𝑅𝑃𝑒𝑥𝑝𝑖𝑟𝑖𝑛𝑔)
𝑐𝑟𝑜𝑝 𝑐𝑟𝑜𝑝
𝑅𝑚𝑡

= 𝛷(𝜃0

𝑐𝑟𝑜𝑝

𝐶𝑅𝑃
+ 𝜃0𝐶𝑅𝑃 𝑅𝑚𝑡
+ 𝜑0

𝑐𝑟𝑜𝑝
𝐶𝑅𝑃
𝑅̅𝑚 + 𝜑0𝐶𝑅𝑃 𝑅̅𝑚
+ 𝜹′0 𝑿𝑛 ).

One important point about expansion of cropland from CRP is that we only estimate the model
for NRI points that were in CRP the previous year and the contract may be expiring. Farmers
enrolling in CRP agree to a multi-year contract—typically 10 years. Therefore, farmers only
make a decision about changing land use when the CRP contract is expiring. We cannot know
the exact date an individual point expires but can get close because the NRI indicate the CRP
signup year for each NRI point. We then tabulate how often land exited CRP for each signup
year, determine the most common exit years, and only estimate the model for points in the
respective years of potentially exiting. One reason that it is difficult to determine the exact
expiration year is that USDA offered 2 to 5-year contract extensions for contracts expiring
between 2007 and 2010 in order to stagger the expiration of CRP contracts (Stubbs, 2014).
The probability of abandonment of cropland to CRP (i.e., enrolling in CRP) is estimated
as
𝑃𝑟𝑜𝑏(𝑙𝑢𝑛𝑡 = 𝐶𝑅𝑃|𝑙𝑢𝑛,𝑡−1 = 𝑐𝑟𝑜𝑝, 𝑡 = 𝑠𝑖𝑔𝑛𝑢𝑝 𝑦𝑒𝑎𝑟)
𝑐𝑟𝑜𝑝 𝑐𝑟𝑜𝑝
𝑅𝑚𝑡

= 𝛷(𝜃1

𝑐𝑟𝑜𝑝

𝐶𝑅𝑃
+ 𝜃1𝐶𝑅𝑃 𝑅𝑚𝑡
+ 𝜑1

𝑐𝑟𝑜𝑝
𝐶𝑅𝑃
𝑅̅𝑚 + 𝜑1𝐶𝑅𝑃 𝑅̅𝑚
+ 𝜹1′ 𝑿𝑛 ).

The model of CRP enrollment is only estimated in years where there was a signup for general
CRP. There were signups for CRP in 2000, 2003, 2004, 2006, 2010, and 2011. However, the actual
land use change usually occurs in the year after the signup, so we estimate the model of CRP
enrollment in years 2001, 2004-2007, and 2011-2012. We include 2006 because there were two
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signups in 2006 and one signup was in the spring and we observe a significant number of land
use transitions to CRP in 2006. The controls in the CRP transition equations are the same as for
pasture but also include the average Environmental Benefits Index (EBI) of land offered for CRP
in the county. We do not use the EBI of the respective year due to endogeneity concerns—the
EBI of acres offered for CRP increases when crop prices are high because less land is offered for
enrollment. Instead, we use the average EBI of offered acres over time as the control to account
for the fact that CRP enrollment is more likely in some counties because of a higher EBI.
Simulation
For the simulations, we estimate the acres of land use that transition to and from cropland
between 2009 and 2016 for each region due to the RFS. For transitions with pasture, we first
predict the probability of transitions at each point with observed crop returns between 2009 and
2012. The probability of transitioning is multiplied by the number of acres the point
represents—this is included in the NRI data—and aggregated to the region level. We then
calculate new cropland returns if the price of corn is decreased by 30% and the price of
soybeans and wheat decreased by 20% and calculate the predicted acres of transitions to
represent the counterfactual scenario without RFS. These changes in crop prices due to RFS are
obtained from estimates by Smith (2018). The average annual change in acres of transitions is
multiplied by 8 to predict the total changes in transitions due to the RFS between 2009 and 2016.
The same basic simulation approach was used to estimate the change in transitions with
CRP except that we account for expiring CRP acres and signups. To predict how many acres
exit CRP we calculate the change in the probability of exiting CRP if the contract is expiring and
multiply this times the total number of acres expiring in a given year. For years 2013-2016 that
are outside the NRI sample period, we use county-level data from the Farm Service Agency on
the number of acres with expiring contracts to calculate the number of acres expiring from CRP
each year. To simulate CRP enrollment, we estimate how predicted enrollment changes in
signup years between 2009 and 2016. The only general CRP signups in this period were in 2010,
2011, and 2013. We assume that all points in cropland in 2012 were eligible for CRP enrollment
in fiscal year 2013.
Results
Table 1 shows the results of the simulations for transitions with pasture. In general, we find no
statistically significant evidence that the increase in cropland returns increased the amount of
expansions of pasture to cropland. However, in region Mgrass we estimate an increase in
conversions by about 306,983 acres, which is about an 18% increase in the average number of
conversions. Some of the estimates of cropland expansion have an unexpected negative sign but
only one is significant at the 10% level.
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Table 1. Predicted Changes in Transitions of Cropland with Pasture due to RFS
Expand Cropland from Pasture
Change in
Region
Acres
F
37,804
H
-158,364
JNOP
-262,043 *
KL
-158,753
Mcrop
27,145
Mgrass
306,983
RST
-10,774
-218,002
Total

Abandon Cropland to Pasture
Change in
Region
Acres
F
215,157 **
H
-11,886
JNOP
90,701
KL
-172,371 *
Mcrop
60,203
Mgrass
-493,143 **
RST
-7,738
-319,077

Net Change
-177,353
-146,478
-352,744
13,618
-33,058
800,127
-3,037
101,075

Note: * and ** denote that the coefficient on crop returns in the respective probit model is significant at
the 10% and 5% levels. The statistical significance of the total and net changes was not assessed.

We find stronger evidence that the increase in cropland returns decreased the amount of
cropland abandonment. In region Mgrass, we estimate that 493,143 acres were not abandoned
that otherwise would have in the absence of the RFS. This effect is statistically significant at the
5% level. We also find evidence of reduced abandonment in the KL region. On net, we estimate
that cropland area only increased by 101,075 acres from transitions with pasture due to RFS. But
the impact differs by region and there was an 800,127 acre increase in cropland in the Mgrass
region from transitions with pasture due to RFS.
Table 2 shows the results of transitions with CRP. Here we find large and statistically
significant impacts of RFS on cropland conversions. The largest increase in cropland expansions
occurred in region Mgrass where conversions of CRP to cropland increased by 770,399 acres
due to RFS. Regions F and H also saw increases in conversions of nearly 400,000 acres.
The increase in crop prices not only increased cropland expansions but also decreased
the amount of abandonment (i.e., enrollment in CRP). Enrollment of cropland into CRP
decreased by 354,646 acres in the region Mgrass and 250,080 in the region H. Overall, cropland
increased by 2.74 million acres due to RFS from changes in transitions of cropland with CRP.
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Table 2. Predicted Changes in Transitions of Cropland with CRP due to RFS
Expand Cropland from CRP
Change in
Region
Acres
F
367,483 **
H
396,936 **
JNOP
81,517 **
KL
63,733 **
Mcrop
127,930 **
Mgrass
770,399 **
RST
12,101
1,820,098
Total

Abandon Cropland to CRP
Change in
Region
Acres
F
-41,888 *
H
-250,080 **
JNOP
-66,928 **
KL
-15,119
Mcrop
-148,440 **
Mgrass
-354,646 **
RST
-43,607 **
-920,708

Net Change
409,372
647,015
148,444
78,851
276,371
1,125,045
55,708
2,740,807

Note: * and ** denote that the coefficient on crop returns in the respective probit model is significant at
the 10% and 5% levels. The statistical significance of the total and net changes was not assessed.

Table 3 combines the results in tables 1 and 2 to show the total change in cropland
transitions. Overall, we find that cropland expansion increased by 1.6 million acres due to RFS
and cropland abandonment decreased by 1.2 million acres. Together this resulted in an increase
of 2.8 million acres of cropland that can be attributed to the RFS policy. The largest increase in
cropland area due to RFS was in the region Mgrass where expansion increased by over 1.1
million acres and abandonment decreased by 0.8 million acres for an overall increase in
cropland by 1.9 million acres. Region H also saw an increase of 0.5 million acres and regions F
and Mcrop had increases of more than 0.2 million acres due to RFS.
Table 3. Predicted Changes in Transitions of Cropland with Pasture or CRP due to RFS
Expand Cropland from Pasture
or CRP
Change in
Region
Acres
F
405,287
H
238,571
JNOP
-180,527
KL
-95,020
Mcrop
155,075
Mgrass
1,077,382
RST
1,327
1,602,097
Total

Abandon Cropland to
Pasture or CRP
Change in
Region
Acres
F
173,269
H
-261,966
JNOP
23,773
KL
-187,490
Mcrop
-88,237
Mgrass
-847,789
RST
-51,345
-1,239,785

Net Change
232,019
500,537
-204,300
92,470
243,313
1,925,172
52,672
2,841,882

Note: * and ** denote that the coefficient on crop returns in the respective probit model is significant at
the 10% and 5% levels. The statistical significance of the total and net changes was not assessed.
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Conclusion
Increases in crop prices induce farmers to convert land from noncropland to crop production
and to reduce the amount of land abandoned from cropland to noncrop uses. We find that most
of the impact of higher crop prices occurred through changes in cropland transitions with CRP.
The RFS had the largest impact on cropland area in the outer areas of the Corn Belt with larger
grassland area. In these areas we also find some significant impacts on transitions with pasture.
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