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The Effect of Ethanol-Driven Corn Demand on Crop Cloice
Since the late 1990s, U.S. production of corn athbhas risen rapidly. In response to
high demand, driven in part by rising ethanol piahn, corn prices and corn production
surged in 2007 when corn plantings reached thghidst level since 1944. To increase
corn acreage, farmers shifted land to corn froneotinops or, possibly, returned
uncultivated land (e.g., cropland pasture, CRP)l&mdorn production.

Even before 2007, however, “islands” of relativieigh corn prices formed
around ethanol plants in the Midwest. Price impaatre usually concentrated around an
ethanol plant and ranged between 4.6 cents andc&até per bushel, with an average
price increase of 12.5 cents at the plant siteceBmwere also affected up to an estimated
68 miles from the plant (McNew and Griffith, 2009)id these price island effects
induce producers to shift their crop mix to includere corn? If localized changes did
occur in the years before 2007, they may persistthre future even though corn prices
have declined absolutely and in relation to pricesoybeans and other crop
commodities.

Questions relating to crop mix are important beeazmtinuous corn, corn-
intensive crop rotations, and shifting land froresléntensive uses, like hay, into corn,
can adversely affect the environment (Malcolm aiitedy, 2009). Continuous corn, for
example, can mean higher levels of fertilizer aastigide application as producers lose
the natural soll fertility and pest control bengfif crop rotation. Land shifted from
uncultivated crops to corn may also be more ereprone than other cropland.

Lubowski et al. (2006), found that marginal crogldends to be more erodible and more

susceptible to nutrient runoff than other croplaholthe extent that these changes result



in higher levels of soil erosion, nutrient runofffteleaching, or pesticide runoff and
leaching, ground and surface water quality canareatied.

This paper develops a discrete choice model tlatjporates local prices,
proximity to ethanol production facilities, and prmix to understand the effect of
ethanol-driven demand on corn acreage and crop iitve. primary data set is the 2005
Agricultural Resource Management Study (ARMS) sumkecorn producers, collected
by the Economic Research Service and the Natiogat@tural Statistics Service

(NASS). A nested multinomial logit model (NML) ised to estimate model parameters.

Crop Choice Model

We consider four alternatives: corn, soybeans, tylaga “other” crops that include hay,
oats, barley, and a number of other, less frequentiwn crops. Because crop choice is
discrete, we use a probabilistic approach in madeti Return to land use can be

specified using deterministic and random components
Rii(qi;) =E (Rij(ql'j)) + &ij = Xk BiQijk + &ij
where R; is return to crop on farmj, g; is a vector of explanatory variables with
elementsy, , andg; is an error term that captures idiosyncratic défees across farms.
If the error terms are independently distributed #ollow a type | extreme value
distribution, model parameterg('s) can be estimated using a multinomial logit. This

property (also referred to as the independenceaévant alternatives or 11A) implies
that the probability of choosing option A from adé choice set (A, B, C) will not affect
the ratio of the probabilities of choosing B or [£the probabilities of choosing A or B

tend to vary together across individuals, howeeaqr terms are correlated and IIA is



violated. In the crop choice problem, correlatitween the probability of choosing
corn and soybean is likely because these cropsttegibw in rotation on high quality
land.

To account for this correlation, we assume thateiior terms follow a
generalized extreme value (GEV) distribution. TGteV distribution assumes that
alternatives can be separated into groups withetadron across alternatives within
groups but without correlation across groups. démeral GEV distribution can be

written asF (£, &,,&;,...,€,) = exp[-G ]where

G = Z%:l am(zgnzll eRmi/(l—o'm))(l—Gm) ’
mindexes the groups aar is approximately equal to the correlation amongratitives
within groupm (see Maddala, page 71). We specify three grodpsarn-soybeans, (2)

wheat, and (3) other crops. Assuming= a, we can write:
G=a ((eRCn/(l_o'cnsb) + eRsb/(l_Ucnsb))(l_acnSb) + eRwn 4 eRoh)

wherem=cnsbfor the corn-soybean groum=wh for wheat, anagn=oh for other crops.
The probability functions can be written as:

aeRi a6

P = .
mi G aeRi

Manipulating the probability functions, as showrMaddala, yields a nested logit
model (see figure 1) with the choice between cowhsoybeans (conditional on the
choice of corn or soybeans) at the lower leveltliedchoice among corn or soybeans,

wheat, and other crops at the upper level.



Figure 1: Model of Crop Choice
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Applying the probability formula directly, the umaditional probability of
choosing corn (and, of course, the corn-soybeanmrns:

aeRen/(1=0¢nsp)
Pcnsb,cn - G

(ech/(l_o'cnsb) + eRsb/(l_Ucnsb))_UcnSb_
The unconditional probability of soybeans is similEhe probability of choosing the
corn-soybean group is equal to the sum of the whtional probabilities of choosing

corn or soybeans:

a(ech/(l—dcnsb) +eRsb/(1—gcnsb))(l—dcnsb)

Pepsp = Pcnsb,cn + Pcnsb,sb = C

The probability of a specific land use, conditionalthe choice of its group can be
written as =hR, / P,. The probability of choosing corn, conditionalthe choice of

the corn-soybean group, is:

eRen/(1=0¢nsp)

eRen/(1=0cnsh) 4 eRsb/(1=0cnsp)

Peniensb = Pen/Pensp =
The conditional probability of choosing soybeansiisilar.

Using these probabilities, we can specify a bindiogit model of the choice
between corn and soybeans, conditional on thehactteither corn or soybeans will be

selected. Parameters are estimated only up tathel/(1- o). In estimating the



lower level, we have normalized on the choice gbgans, thus the probabilities of the

lower level become:

eRCn/(l_‘Tcnsb)

(1) Pcn|cnsb =

1+eRCn/(1_‘Tcnsb)

and

1
1+eRCn/(1_‘Tcnsb)'

(2) Psb|cnsb =

eR

= GWh, while the probability of “other” crops

The probability of choosing wheat#s,;, =

is similarly specified. Given model results at tbeer level, the probability of choosing
corn or soybeans can be re-written as:

1-0
aelensb(1=9cnsp) a(ech/(l“Tcnsb) +eRsb/(1“Tcnsb))( ensb)

P = =
cnsb G G

where the inclusive value representing the corribeag group in the crop model is:
B)  lensy = In(eRen/(A=0cnsp) 4 oRsp/(1=0ensh))
and G can be written as:

G = a(e(l—o_cnsb)lcnsb + eRwn 4 eRoh) ]

Then the upper level probabilities can be written a

R

ef*wh
Pyn = 1 R R
e(l_‘fcnsb) cnsb+elwh4eRon
P eRoh
oh = e(1=9cnsp)lcnsb +eRwh +eRon
e(l_dcnsb)lcnsb
Pcnsb -

e(l_dcnsb)lcnsb+eRwh+eRoh
and can be estimated using MNL. Because the aoybesn group has a lower level, we

need to normalize on something other than the soyteean group; thus we choose to



normalize on the “other” group. Given this normaation, probabilities can be rewritten

as:

4 p echsb,upper+(1_Ucnsb)lcnsb

( ) cnsb = echsb,upper"'(1_"cnsb)lcnsb+eRwh+1
R
e*wh

5 P,y =

( ) wh echsb,upper"’(l_"cnsb)lcnsb+eRwh+1
1

(6) Pop =

echsb,upper"'(l_acnsb)lcnsb +eRwh 1 !

Data and Estimation

The two-level nested logit model is estimated usirignited information maximum
likelihood approach. The estimation proceeds st &stimating the lower level of the
tree, i.e. the probability of a farmer harvestingpan or soybean crop. The inclusive
values are calculated as in equation (3) and aladed as an explanatory variable in
estimation of the upper level. The ARMS farm legtata is used to construct the choices
in both levels of the model: a proportion of corrsoybeans harvested (from total corn
and soybean harvest) in the lower level, and agrtagm of corn or soybeans, wheat, or
“other” crop harvested (out of the summation oftherops harvested) in the upper level.
The “other” crop category consists of cotton, sargifor grain or silage, barley, oats,
alfalfa and other hay, and sugar beets.

Because the ARMS surveys are complex, care mustkea when calculating the
variance, standard errors, and significance optrameter estimates for both levels. In
the ARMS data, “each observation represents itselfmany other farms through a
weight or expansion factor. The concept is thatiieighted estimate should be

equivalent to a nonweighted estimate, with eacleagion repeated the number of



times indicated by its weight.” (Dubman, 2000).v&i that we are trying to describe
characteristics of a population using individuahiadata, weighting is necessary; ARMS
weights are based on value of sales and are piwidde ARMS dataset.

To estimate the variance of parameter estimategjetete-a-group jackknife is
used (Kott, 2001). The full ARMS sample is dividatb fifteen nearly equal and
mutually exclusive different sets. Using thesdéedént data sets, fifteen estimates or
“replicates” of the statistic are created. Onéheffifteen parts is eliminated in turn for
each replicate estimate with replacement. Follgvtimis estimation, the full sample and

replicate estimates are placed into a basic jadikeriance formula:

(7)  Variance (B) = 14/15 Yi21(Boo — ,3)2
wheref is the full sample estimate afigl is a replicate estimate with part k removed.
(Dubman, 2000) This variance formula is used inestimation to calculate the standard
errors and t-statistics @t

The data used in estimation of this model is coes#d from various sources.
The ARMS observations are drawn from the traditi@@rn Belt, along with some other
states including North Carolina and North Daka@yperator characteristics and the
relative importance of livestock to a particulamfisare taken from ARMS. The livestock
variable represents how much of the gross farmmecis related to livestock sales and
inventory. We also include a binary variable tindicates whether a single field on the
farm that is planted in corn in 2005, has beensdiasl as highly erodible land (1=highly
erodible, O=otherwise). This variable then acta @soxy for the full farm. Other

variables in our model include local prices of camd soybeans, a local ethanol capacity



index, and a soil productivity index. The priceighle is a ratio of corn price to soy
price, where both prices are an average of thehas¢ months of 2004.

Using data on several thousand grain buying poimsysed GIS to localize the
corn and soybean prices to our individual obseowsti The price data was collected by
the Farm Service Agency for the purpose of devalppiosted County Prices used to
implement a marketing loan program (Loan DeficieReayments and Marketing Loan
Gains). Median prices, by month, are develope@émh buying location. To estimate
the price available to a given farm, a distancegiveid average of nearby purchase points
is developed using GIS techniques. We assumetbdticer price expectations will be
formed in the months immediately prior to plantimgg use an average of October,
November and December cash prices.

An index of ethanol production capacity is devebbp® capture the intensity of
ethanol production—and related demand for corn—givan area for a specific point in
time. The base data including the location andipcton capacity of ethanol plants was
developed by ERS and relies on data obtained fhreniRenewable Fuels Association.
The index is built with a kernel density surfacemate with a 4 square kilometers
spatial resolution and a bandwidth of 125 km (7&8)i McNew and Griffith (2005),
suggest that ethanol plants influence local corrketa out to this distance.

To capture variation in land quality, we use Natio@ommodity Crop
Productivity Index (NCCPI) developed by soil scistg with the Natural Resources
Conservation Service (Dobbs et al., 2008). NCGtures soil, landscape, and climate

factors affecting the growth of commodity cropsamindex that lies within the unit



interval. The index was initially developed forplamentation of the Conservation
Reserve Program.

In the lower level of the model, we include thecprratio, ethanol capacity index,
an interaction term between price and ethanol eapaoil productivity index, livestock
value variable, highly erodible land indicator, aygkrator characteristics. We include
the ethanol capacity index to capture any locaa#f of nearby ethanol plants that may
not be captured by the corn/soybean price raticaBse our price variables are based on
traditional grain buying points, they may not captprice premiums that are offered
directly to producers through contracts or otheclma@isms. An interaction term
between these two variables is included to detegminether the presence of ethanol
capacity alters price resporisin the lower level of estimation, we expect thieg@ratio
and ethanol capacity parameters to be positive.

The livestock variable captures on-farm demandded crops; livestock
producers may be more inclined to grow corn becausaeeded for feed. Operator
characteristics include age, age squared, educdissmthan high school diploma, high
school diploma and some college, bachelors degréen@re), and occupation
(1=farmer/rancher, O=other).

At the upper level of the model, we include theaeth capacity index, soll
productivity index, livestock value variable, higldrodible land indicator, inclusive

values from the lower level estimation, and opearathucation, occupation, age, and age

! Because our preliminary work uses cross-sectida, however, association between corn acreage and
ethanol capacity could also indicate that ethataits have been cited in areas that are more ltkefyow
corn. Bringing in the 2001 ARMS survey data insedpent versions of the analysis will allow us to

examine this relationship more carefully.



squared. The inclusive value is calculated ustpgation (3), and is included in the
corn-soybean equation in estimation.

We expect the ethanol capacity index parametee fodsitive for the corn-
soybean group, indicating that farmers are momdytiko plant either corn or soybeans
(which can be an indication of a corn-soybean imtgbattern), than “other” crops. As
soil productivity increases, we expect that a farmiél be more inclined to plant a corn-
soybean mix as these crops are typically grownigh @uality land. The relative effect
of ethanol capacity and land quality on the proligiof producing wheat and other
crops, however, is less clear. We have no spexipectation about the sign or
magnitude of these parameters. Finally, a negativameter is possible for the livestock
indicator on both the corn-soybean group and whkatjs because hay, which falls into
the “other” group, is often used for livestock feed

Because parameters in this model are not direatéypretable, we calculate and
interpret the marginal effects and elasticitieshef ratio of probabilities of choices, with
respect to a variable of interest. Marginal efeantd elasticities are reported for
significant variables in both the lower and uppsels of the model in table 4 and table
5. The marginal effects are computed as the dereraf the ratio of two probabilities

with respect to a particular variable of interest:

a(Pj/Pm)  Pj
(8) ajTij = 5 (Bij = Bim)
where
eli
b =Sreme

In the case of the lower levglis the probability of corn anah is the probability of

soybeans, while in the upper leyés the probability of either the corn-soybean tieat



group being chosen, amdis the probability of the wheat or “other” groueihg chosen.

In calculating the lower level marginal effectsg impact of the interaction term needs to
be taken into account. If, for example, the vdaals interest is the corn-soybean price
ratio, then the marginal effect of the ratio oflpabilities in choosing corn to soybeans

due to a change in the price ratio is

(9) M = Ii_z {.Bpricec + (:Binteractc * ethcapc)} - {ﬁprices + (:Binteracts * ethcaps)}]-

aprice,
The marginal effect with respect to ethanol cagdoiiows similarly.

Following the calculation of marginal effects, ¢lasies are also computed for
relevant variables in both the upper and lowerlkewéthe model. Again, care needs to
be taken when examining the lower level with resp@price or ethanol capacity. If no
interaction term is included in calculating thesgiaty (for either level) then

__9(Pj/Pm) Xjk
(10) ijjk - ax]_k * (Pj/Pm) - xjk * (:Bx]k - :mek)

If either the price ratio or ethanol capacity iediso calculate the elasticity in the lower

level, then

(11) Eixje = Xjk * {('ijk + ﬂxjt * le) - (ﬂxmk + ﬂxmt * xml)}-

Estimation Results

Parameter results for the lower level are founthbte 2. Only the corn/soybean price
ratio, soil productivity index, and livestock indtor are significant in the lower level.
Because of the inclusion of an interaction ternwieen price and ethanol capacity,
marginal effects and elasticities are also examingte positive parameter on the price

ratio suggests that as the price of corn increadasve to the price of soybeans, farmers



are more inclined to harvest corn relative to sayise The marginal effect and elasticity
value for this variable also indicate that the @natio has a large impact on whether a
farmer will choose to plant corn or soybeans. é&@mple, with an elasticity greater than
one, we know that a 10% increase in the price atig. an increase in the price of corn,
a decrease in the price of soybeans, or both)natkase the ratio of corn to soybeans
plantings by almost 14%. Thus when farmers ar@sing whether to plant corn or
soybeans, local price effects have an impact an degision.

The negative parameter value on the soil produgtimdex suggests that as soil
productivity increases a farmer would be less jikelplant corn relative to soybeans.
However, the marginal effect and elasticity of slod productivity variable indicate that
the move from corn to soybean (as soil productivityeases) would be relatively small;
a 10% increase in soil productivity would decredmecorn/soybean probability ratio by
only 4%.

Livestock is also significant in the lower leveladtimation and is consistent with
our expectations in that as the value of livestmela farm increases, farmers are more
likely to plant corn relative to soy. However timarginal effect of livestock appears to
be small. With a 10% increase in the livestockdatbr, the corn/soybean probability
ratio will increase by about 3.5%. Thus, even aitlarge increase in livestock value,
farmers only increase corn production by a smalbhamh

The parameter results for the upper level of ctogee are most often as
expected, and can be found in table 2. Livestsck productivity, ethanol capacity, age,
and age squared are all significant for both thre-soybean and wheat group. The

highly erodible land indicator is significant orftyr the wheat/other choice.



The livestock parameter estimates are negativedtr the corn-soybean group
and wheat, thus livestock farmers are less likellgdrvest either corn or soy, or wheat,
relative to the “other” crop. The marginal effeatsd elasticities for both of the crop
choices demonstrate that a small increase in be&stalue would not cause a significant
decrease in corn-soybean or wheat productionjvelad “other” crop production, most
likely hay. On farms with large livestock entegas, it might be more cost-effective for
a farmer to grow hay rather than corn or wheats #iso interesting to note that the
elasticity of the change in probabilities of theéregsoybean group to wheat is positive,
suggesting that as the value of livestock on a fgromvs, the ratio of probabilities would
increase, meaning that there is an increase igresthrn or soybean production, or a
decrease in wheat production.

The corn-soybean group has a positive parametenastfor soil productivity,
while wheat has a negative parameter estimatendtarwill be more likely to plant
either corn or soybeans relative to “other” if #@l productivity increases, although the
change is relatively small. The opposite is trretfie wheat choice; as soil productivity
increases a farmer is less likely to plant whelatiree to “other” crops. Again the
change in land use is small. However, when exangittie ratio of probabilities of corn-
soybean to wheat, the effect of an increase inpgsoductivity is quite large. If soil
productivity increases by 10%, there is almost % li2crease in the ratio of probabilities
of corn-soybean to wheat, i.e. either the produmotibcorn or soybeans will increase, or
the production of wheat will decrease. This madersse because corn and soybeans are

more effective in taking advantage of high soilqarctivity.



The ethanol capacity index parameter values angiy@msen the corn-soybean
group and negative for wheat. The effect on moverneea corn-soybean group relative
to “other” is small; a 10% increase in local ethlazapacity will encourage a farmer to
increase his corn-soybean production by only 2-8rmers are less likely to move
wheat into production relative to “other” if ethdmapacity increases. With a 6.5%
decrease in wheat production for a 10% increasghanol capacity, this effect is larger
than the move that a farmer would make for corrbsay production. The elasticity of
the probabilities of corn-soybean to wheat showldhgest change in crop movement due
to an increase in local ethanol capacity. If etha@apacity increases by 10%, the
probability ratio increases by over 9%; thus, farsrage likely to plant either more corn
or soybeans, or less wheat. This is obvious ihdtlarmer would directly benefit from
planting corn (quite possibly grown in rotation kvéoybeans), whereas planting
additional wheat will not provide any benefit tetfarmer with regards to an ethanol
plant or local ethanol capacity.

The parameter estimates were positive on age ayatine on age squared for
both the corn-soybean and wheat choice. The malrgffects and elasticity values of
these parameters indicate that as a farmer’s ageases, the probability of corn-soybean
to other, or wheat to other increases by 3% andré%pectively. However, the
elasticities for age squared suggest that thisefdl taper off as age continues to
increase. The highly erodible land indicator pagtanwas also significant for the wheat
choice, and carried a negative value. The margifiatt for the ratio of the probability
of wheat to “other” was also negative, implyingttttee probability of a farmer planting

wheat relative to some other crop is higher whenféinm is not classified as highly



erodible. Some of the crops in the “other” gropgxticularly hay, are less likely to
disturb the topsoil when harvested and minimizeierg as compared to wheat.
Finally, the parameter estimate on the inclusideevzés small and not
significantly different from zero. Maddala mentiathsit this value should lie between
zero and one, where a value of one indicates tieatniodel can be reduced to a simple
multinomial logit model. A value of zero suggests opposite of a multinomial logit
mode; rather the levels are separate and presgemiendent and separate choice
situations. This could indicate that corn and sayts are almost always grown on high
guality land, while other crops are relegated tallaf lower quality. Nonetheless, it
seems unlikely that the margin between corn-soy®aad other crops is fixed. Further

investigation is needed.

Conclusion
Ethanol-driven demand on corn acreage and cropcamhave environmental and other
implications, thus it is important to understane impact that local prices have on the
land use decisions of individual farmers. It iscaéssential to examine land use in
relation to other common farm crops that may competh a corn-soybean rotation, to
fully understand the impacts of local prices anzhlethanol capacity.

This paper has used individual farm level datattienapt to draw out the effects
of prices, ethanol capacity, soil quality, and elreestock, on farmers’ decisions to plant
corn or soybean, wheat, or some other crop. Bimtethe choice of corn or soybeans,

we are able to relax the restriction of independesfdrrelevant alternatives, and model



the choice between corn and soybeans without fogumi the correlation of their errors,
and use this estimation to look at land use chamge larger scale.

In both levels of estimation, soil productivity alimestock value influence a
farmer’s decision to plant corn or soybeans, wbheabme other crop. The estimation of
our lower level confirms that local prices haverargg influence on whether a farmer
will choose to plant corn or soybeans, while oyperdevel estimation may suggest that
an increase in local ethanol capacity will encoarfagmers to plant corn or soybean
relative to both wheat and “other”. However, cantis required in the interpretation of
the ethanol capacity parameter estimates. Givaotlr data includes only a cross-
section of farms, these parameter estimates cdésddeflect the likelihood that ethanol
plants are sited in areas where corn is likelyg@town. Future work will utilize
additional data and will focus on the acreage respao a change in ethanol capacity
over time.

Using FIML estimation on our model may improve oesults; at the very least,
we might achieve more efficient parameter estimtgteboth levels of estimation. The
inclusive value parameter is of concern; futurekwsill involve a re-examination of the
model specification.

If local prices and ethanol capacity increases,farmders move more land to a
corn-soybean rotation, it might be possible to edtthnis work to related environmental
impacts. Land use change could be linked to mitrignoff and loads in water, possible
soil erosion, and other environmental impacts feamtinuous corn rotations. Through
examining the change of land use and crop mix duecreases in ethanol demand, we

can better understand the impacts prices haveeoddtision making for farmers.
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Table 1

Descriptive Statistics for Choice Options and Variales in Estimation

Standard
Mean Deviation Minimum Maximum

Lower Level Choices
Corn 0.5885 0.2165 0.0610 1.0000
Soybean 0.4115 0.2165 0.0000 0.9390

Upper Level Choices

Corn-Soybean 0.8068 0.2317 0.0196 1.0000
Wheat 0.0796 0.1488 0.0000 0.8363
Other 0.1136 0.1761 0.0000 0.9804

Explanatory Variables

Price of Corn 158.7737 315.7788 -6611.7400 221.2002

Price of Soy 463.6876 508.7076  -6512.0500 554.8909

Price Ratio 0.3477 0.0492 -0.0699 1.0771

Livestock Indicator 0.2315 0.3148 -0.3443 1.5697

Ethanol Capacity Index 0.0032 0.0047 0.0000 0.0239

Age 53.5969 11.4902 - -
Frequency Percent

Occupation

1 = Farmer/Rancher 929.00 89.59

0 = Otherwise 108.00 10.41

Highly Erodible Land

1=HEL 192.00 18.51

0 = Otherwise 845.00 81.49
Education

eda-Less than HS Diploma 80.00 7.71
edb-HS and some college 691.00 66.63

edc-B.S. and more 266.00 25.65



Table 2

Probability of Choosing Corn or Soybean Crop
Given Corn-Soybean Group

Conditional Probability Coefficient Estimates - Mwlized on the Choice of Soybean

Corn|(Corn-Soybean)

n=1037
Corn
Corn-Soybean Price Ratio 3.9775 **
(2.1245)
Soil Productivity Index -0.9045  ***
(-4.2879)
Highly Erodible Land 0.0797
(0.7821)
Educ: HS Diploma/Some College -0.0884
(-0.7577)
Educ: Bachelor's Degree and More -0.1281
(-0.7972)
Occupation as Farmer/Rancher -0.0787
(-0.7311)
Age -0.0056
(-0.1586)
Agé? 0.0001
(0.2316)
Livestock Importance 1.50931 ***
(9.2297)
Ethanol Capacity Index -121.9000
(-0.6757)
Interaction(Ethanol Cap, Price) 396.9640
(0.7475)
Constant -0.6433
(-0.4702)

T-statistics in parentheses
* significant at 10%; **significant at 5%; ***sigricant at 1%



Table 3

Probability of Choosing Corn-Soybean, Wheat or “Otler” Crop

Coefficient Estimates of Crop Choice - Normalizedtiee Choice of Other

Corn-Soybean Wheat
Educ: HS Diploma/Some College 0.1723 0.1392
(0.4635) (0.3004)
Educ: Bachelor's Degree/More -0.2837 0.7433
(-0.9973) (1.1337)
Occupation as Farmer/Rancher -0.1916 0.0724
(-0.8184) (0.2059)
Age 0.0650 * 0.1050 **
(1.5090) (1.7804)
Agé€’ -0.0007 ** -0.0011  **
(-1.8271) (-2.0883)
Livestock Importance -1.944  xx* -2.6242  *x*
(-4.3399) (-7.4554)
Soil Productivity Index 1.3713 ** -1.2256 **
(1.9374) (-2.0722)
Highly Erodible Land -0.2777 -0.3814 *
(-0.8184) (-1.5841)
Ethanol Capacity Index 83.4848 ** -205.165  ***
(2.5529) (-4.0545)
Inclusive Value -0.4481 -
(-1.1251) -
Constant 0.7064 -1.8003
(0.5194) (-1.1689)

T-statistics in parentheses
* significant at 10%; **significant at 5%; ***sigriicant at 1%



Table 4

Lower Level Marginal Effects and Elasticities

Lower Level Estimation
Choice = Corn or Soybeans Given (Corn-Soybean) Grau
Normalized on Soybeans

Probability of Corn to Probability of Soybeans

Marginal Effects  Elasticities
Price Ratio 7.9882 1.3816
Livestock 3.0338 0.3494
Sail -1.8181 -0.4113




Table 5

Upper Level Marginal Effects and Elasticities

Upper Level Estimation

Crop Choice = Corn-Soybeans, Wheat, or Other

Normalized on Other

Probability of Corn-Soybean to Probability of Other

Marginal Effects Elasticities
Ethanol Capacity 949.276 0.2703
Livestock -22.1089 -0.4501
Soil 15.5928 0.6236
Age 0.7390 3.4834
Age Squared -0.0011 -2.0297
Highly Erodible Land -0.1869E-14 -
Probability of Wheat to Probability of Other

Marginal Effects Elasticities
Ethanol Capacity -136.45 -0.6641
Livestock -1.7453 -0.6074
Soil -0.8151 -0.5574
Age 0.0698 5.6266
Age Squared -0.0007 -3.3763
Highly Erodible Land -0.6419E-16 -

Probability of Corn-Soybean to Probability of Wheat

Marginal Effects Elasticities
Ethanol Capacity 57927.7 0.9344
Livestock 136.423 0.1574
Soil 521.155 1.1810
Age -8.0248 -2.1432
Age Squared 0.0899 1.3465
Highly Erodible Land 0.5573E-14 -



