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Role of Ethanol Plants in Dakotas Land Use Change: Incorporating Flexible 
Trends in the Difference-in-Difference Framework with Remotely-Sensed Data 

Supplementary Information  

Data Notes - Soil Quality 

USDA-NRCS’s soil surveys are conducted at pre-designated spatial units, known as map units 

(MUs), which represent common management requirements towards various land uses (Soil Data 

Viewer 6.0 User Guide, 2011 pp. 11). Although MUs are the finest spatial resolution in the soil 

surveys, they are composed of multiple map unit components that are horizontal strips of similar 

soil characteristics. The MUs may vary in size (2 acres to 2,000 acres) depending upon the 

variability among their respective map unit components. We aggregate LCC and slope up to the 

MUs using a ‘Soil Data Viewer’ application. The aggregation criteria are differ as LCC is a 

categorical variable and slope is a continuous variable.  

Representative slope was aggregated as a weighted-average of representative slope for all 

map unit components within each MU, where weights are the respective area-shares. Variable 

LCC was aggregated by a ‘dominant condition’ criterion that assigned the LCC value of the map 

unit component that was designated the highest area-share among other components. Note that 

the ‘dominant condition’ aggregation criterion may assign the LCC value that represents as little 

as 25% area-share. Higher LCC value was assigned when different LCCs had equal area-shares. 

Although the tie-breaker was applicable to only 4 out of 156 MUs in North Dakota (0.7% of the 

state’s area), and only 2 out of 260 MUs in South Dakota (0.6% of the state’s area). 

The DID model in conjugation with PSM 

This section discusses the working of a standard Difference-in-Difference model (DID) in 

conjunction with Propensity Score Matching (PSM). We follow the DID model framework of 
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Abadie (2005). Consider a representative land parcel i  with ,i tC  and ,i tCS   as its corn acreage 

and combined corn and soy acreage respectively at time period t . We introduce binary variables 

id  and tδ to designate treatment/control groups and pre-/post-treatment periods respectively. So, 

1id =  for treated parcels and 0 otherwise, and 1tδ =  for the years after an ethanol plant was 

established and 0 otherwise. Further, denote ( )t t+ −  as the set of post-treatment (pre-treatment) 

time periods with 0t  as the treatment year.1 Intuitively, to evaluate a treatment effect for treated 

parcel i  we would compare its corn acreage with and without the ethanol plant in the post-

treatment era (i.e., ,i iC 2 with t t+∈ ). Consequently, an average treatment effect for the treated 

(ATT) equals 
, ,

[ | 1]T U
ii t i t

E C C d+ +− = , where T(U) denote presence (absence) of the plant.  

However, we do not observe the post-treatment outcome levels without the treatment. 

DID tackles this by assuming that treated and control parcels follow parallel land use changes if 

the ethanol plant had not emerged at (Abadie, 2005). This assumption is key to identify the 

estimates of treatment effects because in the event that this assumption fails our estimates could 

not be trusted. Also, observing individual land parcels allows controlling for soil quality and land 

use shares at time 0 1t −  as covariates. That is, we estimate the ATT conditional on covariates 

other than the treatment dummy. The parallel land use changes assumption among both groups 

can be expressed as 

(SI.1)          
, , , ,

[ | , 1] [ | , 0]u u u u
i ii t i t i t i t

E C C Z d E C C Z d+ − + −− = = − = , 

                                                           
1 For example, the Red Trail Energy ethanol plant that came up in 2007, 

{1997,1998,...,2006}t+ =  and {2008,2009,...,2013}t− = .  
2 We present the model for corn acreage. An extension for combined corn and soy acreage 
follows by changing the notation from ,i tC  to ,i tCS . 
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In equation (SI.1) the superscript u  signifies that both groups stay untreated and Z  is the set of 

covariates. If (1) holds true then the ATT is calculated as 

(SI.2)          
, , , ,

[ | , 1] [ | , 0]i i i ii t i t i t i t
ATT E C C Z d E C C Z d+ − + −= − = − − =   

ATT, in equation (SI.2) can be estimated as 3β  from the regression framework in equation (SI.3) 

below. 

(SI.3)          0 1 2 3 4 5 ,, t i i t i t i i ti t
C d d Z Zβ β δ β β δ β β δ ε= + + + + + +   

In equation (SI.3) 0 1 2 3 4 5, , , ,  and β β β β β β  are regression coefficients. Note that 4 5 and β β  allow 

capturing mean difference in the effect of time-invariant covariates ( iZ ) on corn acres across 

pre- and post-treatment years (Abadie, 2005).  

To illustrate the extension of a standard DID model that incorporates PSM, consider the 

decomposition of the set of covariates { , }a b
i i iZ X X= . Here, the set a

iX  contains the soil quality 

variables LCC and slope and set b
iX  represents the initial land use conditions for parcel i . We 

match the parcels based on their soil quality parameters. The justification for matching on soil 

quality is that we seek to ensure random placement of land parcels in their respective groups 

relative to the location of the ethanol plant. An ethanol plant’s location decision must be based 

on the potential for corn production based on land quality. But to say that the plant chooses to 

locate only by the land use status in the year before it was established is logistically infeasible. 

Miao (2013) acknowledges that the ethanol plant goes on-line as early as 3-years prior to starting 

operations. We use a logistic model with id as dependent variable and a
iX  as the set of 

regressors to estimate a propensity score (denoted by ( )a
iP X ) for each parcel in the treatment 

and control groups. Specifically, we use the weighted LCC index for land quality (denoted, 

WLCC) and weighted slope (denoted by WSLP) as regressors in the logit regression. The weights 
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used are area of soil map units, contained in each land parcel, represented by their land quality 

attributes, LCC and slope. We match the parcels using a nearest-neighbor matching algorithm by 

Fraeman (2010). By matching, we seek to ensure that parcels’ propensity to be treated is alike 

across groups, conditional of the time-invariant intrinsic property of land – soil quality. Post-

matching, we use the DID regression framework as in equation (SI.3) with covariates reduced to 

b
iX . A conceptual expression for the ATT from our extended model, denote as mATT , can be 

written as  

(SI.4)          
, , , ,

[ | ( ), , 1] [ | ( ), , 0]m a b a b
i i i i i ii t i t i t i t

ATT E C C P X X d E C C P X X d+ − + −= − = − − =   

The estimation of mATT  follows from equation (SI.3) with iZ  replaced by b
iX  and the sample 

data used for this post-matching estimation will be a subset of its counterpart in (SI.3). 

Therefore, if 3
mβ  is the estimate of our new ATT, then it can be retrieved estimating the 

following regression equation 

(SI.5)          0 1 2 3 4 5 ,,
m m m m m b m b

t i i t i t i i ti t
C d d X Xβ β δ β β δ β β δ ε= + + + + + + .  

Note that we designate the advent of an ethanol plants as treatment, which itself is a 

market outcome. The implication of this endogenous intervention is that we do not have 

exogenous control groups. Rather, our treatment and control groups follow the ‘rule of thumb’ 

that treated parcels are located nearer to the ethanol plant than their untreated counterparts. This 

allows innumerable possibilities of treatment and control groups near each ethanol plant’s 

location and practically inexhaustible combinations. In order to conduct robustness checks we 

designate two treatment groups and two control groups for each ethanol plant. The control 

groups are kept apart to ensure independence in robustness checks for each treatment group (see 

Figure 3 – Main Text). We conjecture that treatment effects using the nearest treatment and the 
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farthest control groups will be larger and more significant than other combinations and present 

full regression results for this particular combination. We include the other combinations as 

robustness checks. Specifically, we run 24 regressions for each ethanol plant (Tables M and N 

summarize these results, discussed later). In cases where we have sufficient pre-treatment and 

post-treatment years we also estimate treatment effects for multiple combinations of pre-or post-

treatment years (advocated by Meyer, 1995). Bertrand et al. (2004) found serial correlation in the 

treatment-effect indicator variable ( i td δ×  ) over-reject the null hypothesis of no treatment-effect. 

A remedy, as suggested by Bertrand et al. (2004) to overcome this issue is aggregating through 

pre- and post-treatment years by using mean outcome levels rather than for individual years’ is 

implemented here.  

The Placebo Treatment Effects 

Further, in recognition of the non-exogenous treatment we utilize placebo tests or falsified 

treatments to validate the robustness of our results. We conduct temporal placebos, meaning that 

we assume the advent of an ethanol plant in a year that predates the actual treatment. These 

temporal placebos are conducted for North Dakota plants since a longer time-series data is 

available. We designate various falsified treatments and the pre- and post-treatment years for 

each of these (Figure 10 – Main Text). Placebo tests are important as they allow validating our 

identification strategy to estimate treatment effects.  

The farthest treated and control parcels are located at a maximum distance of 100 km (62 

miles) from each other in our empirical setup. We, therefore, anticipate that the physical 

characteristics of these parcels and their initial land use shares will play a major role in 

identifying treatment effects. Weather may be another variable of interest, which we assume to 

be uniform across our treated and control parcels. Since weather data points are collected at 
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weather stations covering multiple counties and our analysis only spans 60 miles strips, we think 

that our assumption is reasonable.  By definition, distance from ethanol plants are the sole 

differentiator of treated and untreated land parcels. However, these end up contained within 

multiple boundaries. Although the markets and incentive structure may vary substantially across 

counties, we do not expect these to affect how much corn farmers grow due to advent of an 

ethanol plant in their vicinity. Even if we were to consider county-fixed effects for each of the 

parcels, they would cancel out due to the first difference operator inherent to the DID estimator, 

on pre- and post-treatment outcome levels of each parcel. Despite the fact that we have been 

careful in choosing the covariates for the above regression framework, there might still be factors 

that we fail to control. An example would be matching the parcels based on soil moisture, not 

done here due to incomplete data. However, a good or bad rainfall year could influence the 

impact the advent of an ethanol plant in our treatment and control groups even if we assume 

uniform rainfall measured across all parcels. The right amount of precipitation leading to higher 

soil moisture on a LCC II, flat sloped land could influence farmers’ decision to grow water-

thirsty corn, with or without an ethanol plant in the vicinity. To address our inability to capture 

such effects that may confound the estimated treatment effects, we include temporal placebos. If 

we successfully control for all relevant covariates and our matching strategy is perfect, we 

should get a zero or statistically insignificant placebo treatment effect. However, a significant 

(positive or negative) placebo treatment effect would point towards ambiguity in our 

identification strategy and allow statistical correction of our estimates of the actual treatment. 

Estimation Results 

As mentioned earlier, there are 19 ethanol plants in North and South Dakota. We include all four 

North Dakota ethanol plants, but restrict our analysis for South Dakota to four out of 15 ethanol 
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plants that ensure at least two pre-treatment years. The CDL data for South Dakota only goes 

back until 2006.The four South Dakota ethanol plants, included here (see Table 1 in main text), 

started operations in 2008. This allows implementing the DID estimation strategy through pre- 

and post-treatment years. We analyze the effects of POET and NuGen ethanol plants together as 

cluster 1 and ABE and GLE as cluster 2 due to their spatial proximity. A vector description 

(dimensions and directions) for the treatment and control groups of each of these ethanol plants 

is provided in Table 2 (main text). These rectangular-shaped groups can be visualized in Figure 

3, as an example. Another factor that determined which land parcels entered treatment and 

control rectangles was the existence of ‘other’ ethanol plants nearby. We follow the linear city 

model and consider all ethanol plants as market terminals with designated capacity. So, while 

deciding which land parcels enter our rectangles we ensure that linear distance of a parcel is 

minimum to the ethanol plant under study. The linear distances are normalized by ethanol plants’ 

capacities. For instance, if two ethanol plants with annual capacities of 20 and 80 million gallons 

are 100 km apart, then market designated for the larger (smaller) ethanol plant is 80 (20) km 

from its location. Such details for ethanol plants considered for our analysis are added in Table 2 

(see the ‘Remarks’ column, main text). 

Treatment Effects’ Estimates 

To estimate the treatment effects, we modify our regression framework (equation (SI.5)) to 

include the first differences of pre- and post-treatment outcomes as dependent variables. Our 

regression estimates, therefore, are to be viewed as regression coefficients of equation (SI.6) 

below. 
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(SI.6)          1 3 5, , , ,
( )m m m b

i ii t i t i t i t
C C d Xβ β β ε ε+ − + −− = + + + − 3  

Where, 
,i t

C +  is the average of corn acres in post-treatment years and 
,i t

C −  is the average if corn 

acres in pre-treatment years. In addition, 1
mβ  captures the trend-effects of moving between pre- 

and post-treatment periods, 3
mβ  is the estimate of mATT  (defined earlier), and 5

mβ  is the 

differentiated role of the set of controls b
iX  on change in corn acreage through pre- and post-

treatment periods. We now present our estimation results for each ethanol plant included in 

Table 1 (main text). Our regression analysis also includes 
, ,

ln( ) ln( )
i t i t

C C+ −−  as a dependent 

variable to compare rate of change in outcomes pre- and post-treatment. This is especially useful 

when, in the pre-treatment period, outcome levels (corn acres in this case) between treatment and 

control groups differ significantly. Illustratively, say the conditional mean of corn acreage for 

control groups is a acres while it is 2a acres for the treatment group. If there were no treatment 

effect and both groups would grow by a factor of 2, then post-treatment corn acres for control 

and treatment groups will be 2a and 4a respectively. Our definition of ATT will yield a positive 

treatment effect, even though it was zero. Using log-linear regressions will compare the rate of 

change and would help avoid such confounding results.  

Red Trail Energy 

For the Red Trail Energy ethanol plant (RTE) that started operations in year 2007, we have 

{1997,...,2006}t− =  and {2008,...,2013}t+ = . Consequently, ,2006 ,2006{ , }b
i i iX W G= , where ,2006iW  

                                                           
7Equation (SI.6) is retrieved by taking a difference on the pre- and post-treatment versions of 
equation (SI.5). That is 0 1 2 3 4 5, ,

{ } m m m m m b m b
i i i ii t i t

C d d X Xβ β β β β β ε+ += + + + + + + −  

0 2 4, ,
{ }m m m b

i ii t i t
C d Xβ β β ε− −= + + + . Again, similar results follow for the combined corn and 

soybeans case by changing the notation ,i tC  to ,i tCS . 
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is the 2006 wheat acreage on a representative parcel i  and  ,2006iG  is the 2006 grass cover on i . 

For RTE, the pre- and post-treatment summary statistics for both treatment and control groups 

are included in Table A and the corresponding estimation results are included in Table B. 

Table A reveals that the unconditional change of mean corn acres is higher for the 

treatment group. However, the treatment effect estimate for RTE is negative and highly 

significant. This result is irreconcilable with the economic incentives, the aforementioned 

increase in corn basis and lower transportation costs, arising from this ethanol plant. The 

regression estimates for pre-treatment wheat and grass acres are negative, revealing that growing 

corn on wheat/grass acres is costly. However, switching from wheat to corn is relatively less 

expensive than converting from grass to corn, as the coefficient for pre-treatment wheat acres is 

less negative than the coefficient for pre-treatment grass. This is reasonable due to the land 

preparation costs towards converting grass for agricultural use, which can be avoided when 

switching wheat acres to corn. It is noteworthy that pre-treatment grass acres in control group are 

higher (while wheat acres are lower) as compared to the treatment group. A higher impediment 

for conversion in the form of relatively more grass (and less wheat) in control group seems to 

have neutralized the higher increase in unconditional change in corn acres for treatment group.  

The conditional rate of change of corn (and soy) are also negatively affected due to the ethanol 

plant, though the change is insignificantly different from zero at 95% level of confidence. It 

should be noted that the intercept, in absolute value, is larger than treatment effects’ estimate and 

other controls. Since the intercept captures trend-effects (discussed earlier), large intercepts 

relative to treatment effects suggest that ethanol plants are only responsible for a small fraction 

of overall difference in land use change among the groups. 

Blue Flint 
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For the Blue Flint ethanol plant (BF) that started operations in year 2007, we have 

{1997,...,2006}t− =  and {2008,...,2013}t+ = . Consequently, ,2006 ,2006{ , }b
i i iX W G= , where ,2006iW  

is the 2006 wheat acreage on a representative parcel i  and  ,2006iG  is the 2006 grass cover on i . 

For BF, the pre- and post-treatment summary statistics for both treatment and control groups are 

included in Table C and corresponding estimation results are included in Table D. 

Due to the ethanol plant, unconditional mean of corn acres grew almost equivalently for 

each of the two groups while the combined corn and soy acreage grew more for the treated. 

Again, grass acres are a significant impeding factor for conversion due a negative coefficient for 

their pre-treatment levels. Pre-treatment grass acres are also higher for the control group’s 

parcels, potentially neutralizing higher increase in unconditional corn acres in treated parcels as 

compared to the controls. However, while comparing the rate of change among parcels treatment 

effect is positive for corn acres and negative for combined corn and soy, although insignificant. 

A positive growth rate of corn acres and negative rate for corn and soy combined may have 

implications for crop rotation, suggests intensified corn cropping while declining combined corn 

and soy acreage. Also, for the log linear regressions coefficients on initial wheat acres (in 2006) 

are positive and significant revealing opportunity to switch to corn. At the same time, negative 

(insignificant) coefficients on initial wheat acres in the linear regressions suggest costs of 

switching to corn production that are lower than conversion costs from grass acres. Again, large 

intercepts relative to the treatment effects suggest that ethanol plants are not a major determinant 

of overall land use change for the groups. 

Tharaldson Energy 

For the Tharaldson Energy ethanol plant (TE) that started operations in year 2006, we have 

{1997,...,2005}t− =  and {2007,...,2013}t+ = . Consequently, ,2005 ,2005{ , }b
i i iX W G= , where ,2005iW  
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is the 2005 wheat acreage on a representative parcel i  and  ,2005iG  is the 2005 grass cover on i . 

For TE, the pre- and post-treatment summary statistics for both treatment and control groups are 

included in Table E and corresponding estimation results are included in Table F. 

A feature that distinctly distinguishes TE from RTE and BF is the higher pre-treatment 

acres of corn and soybeans for both treated and untreated groups. Also, with treated groups 

having more than twice as many corn acres and, also that many combined corn and soy acres 

comparing rates of change is more reasonable than the absolute changes. Specifically, log-linear 

regressions will provide more reasonable inferences as compared to their linear counterparts. The 

treatment effect here is found to be negative, although more negative for combined acres of corn 

and soy. This suggests intensifying corn cropping and forgone corn-soy rotations in the process. 

Trend-effects again dominate the treatment effects in this case. However, grass acres may serve 

as an opportunity to grow corn, despite higher conversion costs, due to lower grass cover prior to 

the ethanol plant. 

Hankinson Renewable Energy 

For the Hankinson Renewable Energy ethanol plant (HRE) that started operations in year 2008, 

we have {1997,...,2007}t− =  and {2009,...,2013}t+ = . Consequently, ,2007 ,2007{ , }b
i i iX W G= , 

where ,2007iW  is the 2007 wheat acreage on a representative parcel i  and  ,2007iG  is the 2007 grass 

cover on i . Since there are too many pre-treatment years compared to post-treatment years, we 

introduce 1 {2003,...,2007}t− =  as an alternative pre-treatment years to seek any difference in 

treatment estimates. For HRE, the pre- and post-treatment summary statistics for both treatment 

and control groups are included in Table G and corresponding estimation results are included in 

Table H. 
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The regression results for HRE suggest that this ethanol plant has had a positive impact 

on corn acres, and on the corn and soy acres combined. However, it is clear that impact on corn 

acreage has been greater than that on the combined corn and soy acreage. This may have 

implications for corn and soy rotation. Similar to our inferences above, corn acres seem to 

intensify, leading to lesser corn-soy rotations due to the advent of the ethanol plant.  This 

inference on rotations is especially quite strong if we compare the historical pre-treatment years 

(starting 1997), rather than the recent ones (starting 2003). Once again, higher wheat acres in the 

year before the ethanol plant lead to positive significant increase in corn acres (and combined 

corn/soy acres as well). Also, unlike the previous three ethanol plants trend-effects are 

dominated by HRE’s treatment effect for log-linear regressions while trend-effects dominate in 

the linear regressions case. This may be a result of model specification.  

Cluster 1: POET Bio refinery and NuGen Energy 

Cluster 1, which is a conglomerate of POET Bio refinery and NuGen Energy, (PBNE) started 

operations in 2008. So, we have {2006,2007}t− = , {2009,...,2013}t+ =  and 

,2007 ,2007{ , }b
i i iX W G= , where ,2007iW  is the 2007 wheat acreage on a representative parcel i  and  

,2007iG  is the 2007 grass cover on i . We also include 1 {2009,2010}t+ =  as an alternative post-

treatment years’ set to seek any difference in treatment estimates. For PBNE, the pre- and post-

treatment summary statistics for both treatment and control groups are included in Table I and 

corresponding estimation results are included in Table J. 

The corn acres seem to be positively impacted by emergence of PBNE in later years 

(2011–2013), as the treatment effect is insignificant for the post-treatment years 1t
+ . The rate of 

growth in corn acres, however, was not significant due the plants. Given that initial corn acreage 

between treated and control parcels is significantly different, the inference on rate of growth is 
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more reliable than absolute acres. But, the effect of these ethanol plants on the combined acreage 

of corn and soybeans is uniformly positive and significant. This implies that, unlike in North 

Dakota, these South Dakota ethanol plants have de-intensified corn cropping and encouraged 

corn-soy rotations. Another finding that differs here from the analysis of North Dakota plants is 

negative trend effects. It seems as if the higher corn acres are driven due to the advent of these 

ethanol plants, since treatment effects and intercept are comparable in size. Further, higher initial 

(2007) wheat and grass acres have positive and significant impact on both, corn acreage and 

combined acreage of corn and soy.   

Cluster 2: Aberdeen Bio energy and Glacial Lakes Energy 

Cluster 2, which is a conglomerate of Aberdeen Bio energy and Glacial Lakes Energy, (ABGL) 

started operations in 2008. So, we have {2006,2007}t− = , {2009,...,2013}t+ =  and 

,2007 ,2007{ , }b
i i iX W G= , where ,2007iW  is the 2007 wheat acreage on a representative parcel i  and  

,2007iG  is the 2007 grass cover on i . We also include 1 {2009,2010}t+ =  as an alternative post-

treatment years’ set to seek any difference in treatment estimates. For ABGL, the pre- and post-

treatment summary statistics for both treatment and control groups are included in Table K and 

corresponding estimation results are included in Table L. 

The initial average corn (combined corn and soy) acreage for the treatment group is 

almost twice (thrice) when compared to the control group. Hence, we draw our inferences for 

this ethanol plant from rate of change equations. We find negative impacts of these ethanol 

plants on treated corn acreage, which is driven by the decreasing corn and combined corn and 

soy acreage for treatment groups coupled with corresponding increase for control group.  A more 

negative treatment effect for combined corn and soy acreage points out to intensified corn 

cropping relative to corn-soy rotations. Also, as in the other cluster in South Dakota, trend-
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effects are negative and are dominated by the treatment effects here. Initial wheat and grass acres 

have positive significant effects on corn and soy production.  

Summarizing the Estimation Results 

The treatment effects are found to vary in size, sign, and significance by individual ethanol 

plants. This finding disagrees with the single point estimates for ethanol plants’ impacts reported 

for all of Iowa or, even, the U.S. Midwest by prior studies. However, the negative significant 

treatment effects are both surprising and irreconcilable due to earlier argued higher relative 

incentives near the ethanol plants. This was because transportation costs (that are monotonic in 

distance) are quite significant compared to cropland rentals values in the Dakotas. To understand 

and validate these negative treatment effects, we examine impact of ethanol plants on county-

level corn basis and evaluate placebo treatment effects. The placebos and robustness checks from 

multiple treatment and control groups are discussed in the next section.  

We also find that intensity and type of impact of ethanol plants on local land use depends 

on its spatial location, rather than only its capacity as controlled for in previous literature. 

Specifically, for ethanol plants that lie on the Corn Belt (HRE, PBNE and ABGL) we find 

treatment effects to dominate or be at least comparable to the trend-effects. Whereas, for RTE, 

BF (located west of the edge of the Corn Belt) and TE (located north of the Corn Belt) the 

treatment effects are dominated by the trend-effects. So, ethanol plants could be a major factor in 

determining the overall evolution of corn and soybean acres in their proximity when they operate 

among areas densely planted in corn/soy. We also find that the advent of ethanol plants could 

impact corn-soy rotations in an area. In 5 out of 6 cases considered in this analysis, we find corn 

intensification relative to combined corn and soy acreage. We also find initial wheat and grass 

acres to significantly affect the evolution of corn and soybean acres in post ethanol plants years. 
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Controlling for these variables reveals that more wheat encourages corn relative to more grass, 

potentially due to higher conversion costs (of sod-busting) than switching costs among crops. 

Corn-Basis Analysis 

We had conjectured earlier that proximity to ethanol plants could offer strong incentives to grow 

more corn production. This conjecture was primarily based on our back of the envelope 

calculations and also, partially, on the existing literature. Our findings, in contrast to the 

conjecture, of insignificant or negative treatment effects are indeed surprising. To better 

understand and reconcile these findings we analyze the effects of ethanol plants on corn basis. If 

the advent of an ethanol plant were to incentivize corn production in its proximity, these 

incentives should be observable in a market setting as an increase in corn basis. So, the treated 

parcels should have a higher increase in basis post-treatment as compared to the untreated ones. 

This would ultimately feed into land use decisions and lead to higher corn acres in close vicinity 

of the ethanol plant. Our back of the envelope calculations focused on the maximum willingness 

to pay for an ethanol plant to incentivize corn production for a supplier unit closer to its location. 

As opposed to the maximum willingness to pay calculated earlier, an increase in basis would 

provide increase in payments by ethanol plants as observed in their proximity. In case that the 

actual willingness to pay for the ethanol plants does not increase as expected, we can, at least, 

justify the insignificant treatment effects estimates found earlier.  

We retrieved a county-level dataset providing monthly corn basis from 2000 to 2013, for 

North and South Dakota4.  We present comparative basis trend-plots from 2000 to 2013 for the 

counties that contained the treatment and control groups for 4 out of six ethanol plants (or 

clusters) included here (Figures 4–7). In Figures 4-7, the county that contains the ethanol plant 

                                                           
4 Dataset Source: Geo Grain. 
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(its home-county) is plotted as a solid series while others are plotted as hashed series. If the 

ethanol plant were to significantly increase the compensation to farmers for supplying corn in its 

close vicinity, we should be able to visualize it through its home-county’s basis time-series plot. 

In an event of significant impact of the advent of an ethanol plant, we expect the basis series for 

it home-county to deviate upwards from its counterparts. Further, the home-counties for RTE 

and BF and their respective neighbors suffer with missing values and are inappropriate to deduce 

any impacts of these plants. 

Figures 4–7 show increased relative basis for Richland county (home to HRE) and Turner 

county (home to Cluster 1). This justifies the positive significant treatment effects for these two 

cases. However, corn basis for Cass county (home to TE) seems to have stagnated in the post-

treatment years. Also for cluster 2, stationed in two counties, corn basis for Brown had fallen 

relative to its neighbors, while there was a temporary rise in corn basis for Edmunds which was 

not sustained in later years. These observations provide some understanding of why the ethanol 

plants yielded non-positive treatment effects for TE and Cluster 2. Note that our claims are not 

founded here on robust statistical tools (like regressions), but only on some summary statistics. 

Our purpose here is to only garner some understanding and support the quasi-experimental 

design of this study. 

Discussion and Conclusions 

Our robustness checks using multiple treatment and control groups reveal that the treatment 

estimates are generally stable across these combinations. The size and sign of these are 

especially similar by control group. That is, combinations ‘T1 and C2’ and ‘T2 and C2’ will 

generally yield similar estimates. However, we find significant placebo treatment effects 

pointing out to the fact that either our matching strategy is not perfect or we are not able to 
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control for all the factors that affect growth of corn acres in equation (6).  To reconcile the failed 

placebo tests, we first consider the pre-treatment trends for treatment and control groups for the 

North Dakota ethanol plants to validate the Parallel Paths assumption of DID estimation strategy 

(see equation SI.1). Figure 11 (in the Main Text) shows that the Parallel Paths assumption does 

not hold and thus the estimates of the standard DID model are not identified. Therefore, we 

incorporate differentiated trends between pre- and post-treatment periods and between treatment 

and control groups. We follow Mora and Reggio (2012) to incorporate flexible trends into the 

DID model. The model is developed and estimated in the main text of this text. 
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TABLES 

Table A: Summary Statistics for Red Trail Energy, C2 and T1 combination. Caliper = 0.0004. 

 Control Treatment 

 Mean Std. dev. N mean Std. dev. N 

,i t
C −   1.69 2.65 65 2.46 3.30 65 

,i t
C +   7.88 15.44 65 19.83 26.16 65 

,i t
CS −   1.84 2.75 65 2.75 3.41 65 

,i t
CS +   7.98 15.72 65 19.83 26.16 65 

,2006iW   106.53 101.12 65 221.52 116.91 65 

,2006iG   347.85 115.62 65 207.73 115.35 65 

  

Table B: Treatment Effects' Estimates with Heteroskedasticity corrected t-stats in parentheses 

 
, ,i t i t

C C+ −−   
, ,i t i t

CS CS+ −−   
, ,

ln( ) ln( )
i t i t

C C+ −−   
, ,

ln( ) ln( )
i t i t

CS CS+ −−   

Treatment 2.58 2.38 -0.24 -0.28 
 (-0.63) (0.58) (-0.36) (-0.43) 

,2006iW   -0.09 
(-1.76)* 

            -0.09 
(-1.71)* 

-0.007 
(-1.33) 

           -0.006 
(-1.25)  

,2006iG   -0.14 
(-2.69)*** 

            -0.14 
(-2.63)*** 

-0.02 
(-3.34)*** 

           -0.02 
(-3.34)***  

Constant 63.82 63.68 5.65 5.40 
 (2.69)*** (2.63)*** (2.64)*** (2.55)*** 
R2 0.20 0.19 0.14 0.15 

* p<0.1; ** p<0.05; *** p<0.01 
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Table C: Summary statistics for Blue Flint Ethanol: C2 and T1 combination. Caliper = 0.01 

 Control Treatment 

 mean Std. dev. N mean Std. dev. N 

,i t
C −   5.44 5.73 274 2.72 7.89 274 

,i t
C +   24.97 26.23 274 18.98 31.52 274 

,i t
CS −   6.40 6.43 274 4.99 9.73 274 

,i t
CS +   26.28 27.38 274 23.04 36.47 274 

,2006iW   149.91 92.08 274 101.00 74.40 274 

,2006iG   288.13 103.59 274 277.64 100.59 274 

 

Table D: Treatment Effects' Estimates with Heteroskedasticity corrected t-stats in 
parentheses 

 
, ,i t i t

C C+ −−   
, ,i t i t

CS CS+ −−   
, ,

ln( ) ln( )
i t i t

C C+ −−   
, ,

ln( ) ln( )
i t i t

CS CS+ −−   

Treatment -9.02 
(-3.97)*** 

           -7.59 
(-3.12)*** 

0.01 
(0.04) 

-0.50 
(-2.00)**  

,2006iW   -0.08 
(-2.76)*** 

           -0.08 
(-2.39)*** 

0.0005 
(0.29) 

0.0007 
(0.44)  

,2006iG   -0.16 
(-6.32)*** 

           -0.18 
(-6.01)*** 

-0.006 
(-4.14)*** 

-0.007 
(-4.71)***  

Constant 80.53              83.53 2.71 2.63 
 (6.59)*** (6.13)*** (3.93)*** (4.25)*** 
R2 0.27 0.28 0.06 0.09 

* p<0.1; ** p<0.05; *** p<0.01 
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Table E: Summary statistics for Tharaldson Ethanol: C2 and T1 combination. Caliper = 0.01 

 Control Treatment 
 mean Std. dev. N mean Std. dev. N 

,i t
C −   15.97 14.32 120 36.49 25.69 120 

,i t
C +   79.21 49.61 120 135.31 54.38 120 

,i t
CS −   93.57 40.67 120 223.52 58.19 120 

,i t
CS +   249.35 98.38 120 361.36 75.88 120 

,2005iW   115.47 100.74 120 120.74 98.62 120 

,2005iG   92.61 65.10 120 42.92 50.03 120 

 

Table F: Treatment Effects' Estimates with Heteroskedasticity corrected t-stats in parentheses 

 , ,i t i t
C C+ −−   

, ,i t i t
CS CS+ −−   

, ,
ln( ) ln( )

i t i t
C C+ −−   

, ,
ln( ) ln( )

i t i t
CS CS+ −−   

Treatment 18.86 -44.70 -0.31 -0.54 
 (3.19)*** (-5.51)*** (-2.55)*** (-13.43)*** 

,2005iW   -0.04 
(-1.45) 

0.06 
(1.66)* 

0.002 
(3.34)*** 

0.0004 
(1.95)*  

,2005iG   -0.34 
(-7.76)*** 

-0.53 
(-7.75)*** 

-0.002 
(-2.25)** 

-0.001 
(-2.37)**  

Constant 99.54 197.85 1.73 1.04 
 (13.00)*** (17.08)*** (10.87)*** (16.45)*** 
R2 0.28 0.28 0.08 0.40 

* p<0.1; ** p<0.05; *** p<0.01 
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Table G: Summary statistics for Hankinson Renewable Energy: C2 and T1 combination. 
Caliper = 0.005. 
 Control Treatment 
 mean Std. dev. N mean Std. dev. N 

,i t
C −   85.87 63.41 161 93.76 64.53 161 

1,i t
C −   94.25 65.83 161 105.49 69.01 161 

,i t
C +   112.40 76.24 161 145.20 79.58 161 

,i t
CS −   155.78 94.86 161 228.39 106.76 161 

1,i t
CS −   184.07 107.01 161 241.79 115.77 161 

,i t
CS +   199.37 125.33 161 287.69 131.18 161 

,2007iW   13.40 36.21 161 25.62 43.51 161 

,2007iG   121.98 118.01 161 73.88 96.59 161 

Table H: Treatment Effects' Estimates with Heteroskedasticity corrected t-stats in parentheses 

 , ,i t i t
C C+ −−   

1, ,i t i t
C C+ −−   

, ,
ln( ) ln( )

i t i t
C C+ −−   

1, ,
ln( ) ln( )

i t i t
C C+ −−   

Treatment 19.47 
(4.36)*** 

17.46 
(3.84)*** 

0.28 
(3.69)*** 

0.24 
(2.85)***  

,2007iW   0.18 
(3.03)*** 

0.19 
(3.22)*** 

0.004 
(4.64)*** 

0.004 
(4.28)***  

,2007iG   -0.07 
(-3.73)*** 

-0.04 
(-1.93)* 

-0.001 
(-1.04) 

-0.0001 
(-0.65)  

Constant 32.16 20.07 0.21 0.08 
 (7.70)*** (4.39)*** (2.33)** (0.83) 
R2 0.17 0.12 0.11 0.06 
 

, ,i t i t
CS CS+ −−   

1, ,i t i t
CS CS+ −−   

, ,
ln( ) ln( )

i t i t
CS CS+ −−   

1, ,
ln( ) ln( )

i t i t
CS CS+ −−   

Treatment 7.10 24.98 0.09 0.24 
 (1.33) (4.86)*** (1.28) (3.20)*** 

,2007iW   0.29 
(4.42)*** 

0.36 
(5.50)*** 

0.001 
(1.76)* 

0.001 
(2.34)**  

,2007iG   -0.11 
(-4.61)*** 

-0.03 
(-1.05) 

-0.002 
(-2.03)** 

-0.002 
(-1.79)*  

Constant 52.73 13.44 0.25 0.04 
 (10.13)*** (2.61)*** (2.79)*** (0.43) 
R2 0.15 0.19 0.09 0.10 
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* p<0.1; ** p<0.05; *** p<0.01 

 

Table I: Summary statistics for PBNE, C2 and T1 combination. Caliper = 0.01 
 Control Treatment 

 mean Std. dev. N mean Std. dev. N 

,i t
C −   118.09 49.32 157 189.13 76.98 157 

1,i t
C +   120.76 50.59 157 197.52 76.25 157 

,i t
C +   137.90 48.78 157 209.55 73.75 157 

,i t
CS −   220.15 88.38 157 304.78 97.33 157 

1,i t
CS +   249.53 88.27 157 331.62 92.58 157 

,i t
CS +   273.46 87.18 157 346.95 89.41 157 

,2007iW   50.11 60.68 157 21.96 31.15 157 

,2007iG   158.55 92.52 157 108.42 78.68 157 

Table J: Treatment Effects' Estimates with Heteroskedasticity corrected t-stats in parentheses 

 
1, ,i t i t

C C+ −−   
, ,i t i t

C C+ −−   
1, ,

ln( ) ln( )
i t i t

C C+ −−   
, ,

ln( ) ln( )
i t i t

C C+ −−   

Treatment 15.89 
(2.92)*** 

11.87 
(2.40)** 

0.16 
(3.23)*** 

0.08 
(2.00)**  

,2007iW   0.26 
(5.04)*** 

0.33 
(7.79)*** 

0.003 
(5.29)*** 

0.003 
(8.31)***  

,2007iG   0.05 
(1.98)** 

0.04 
(1.54) 

0.001 
(2.07)** 

0.001 
(3.15)***  

Constant -19.21 -3.03 -0.23 -0.12 
 (-2.79)*** (-0.48) (-3.45)*** (-2.09)* * 
R2 0.08 0.13 0.10 0.20 

 
1, ,i t i t

CS CS+ −−   
, ,i t i t

CS CS+ −−   
1, ,

ln( ) ln( )
i t i t

CS CS+ −−   
, ,

ln( ) ln( )
i t i t

CS CS+ −−   

Treatment 15.20 
(2.66)*** 

6.37 
(1.18) 

0.05 
(1.97)** 

0.02 
(0.72)  

,2007iW   0.44 
(7.17)*** 

0.46 
(7.37)*** 

0.002 
(7.05)*** 

0.002 
(7.22)***  

,2007iG   0.10 
(3.46)*** 

0.09 
(3.41)*** 

0.001 
(5.05)*** 

0.001 
(7.54)***  

Constant -9.44 15.71 -0.10 -0.04 
 (-1.24) (2.23)*** (-2.94)*** (-1.42) 
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R2 0.20 0.23 0.24 0.35 
* p<0.1; ** p<0.05; *** p<0.01 

 
 
 
 

Table K: Summary statistics for ABGL, C2 and T1 combination. Caliper = 0.01. 
 Control Treatment 
 mean Std. dev. N mean Std. dev. N 

,i t
C −   41.28 39.96 100 135.03 79.73 100 

1,i t
C +   38.22 41.17 100 71.11 50.36 100 

,i t
C +   50.29 45.17 100 115.41 57.23 100 

,i t
CS −   66.33 61.75 100 231.55 115.23 100 

1,i t
CS +   71.70 68.38 100 146.84 88.64 100 

,i t
CS +   88.48 74.49 100 225.20 100.27 100 

,2007iW   49.06 59.91 100 29.47 44.03 100 

,2007iG   357.29 107.09 100 171.85 118.09 100 

Table L: Treatment Effects' Estimates with Heteroskedasticity corrected t-stats in parentheses 

 
1, ,i t i t

C C+ −−   
, ,i t i t

C C+ −−   
1, ,

ln( ) ln( )
i t i t

C C+ −−   
, ,

ln( ) ln( )
i t i t

C C+ −−   

Treatment -21.01 
(-2.44)** 

-1.36 
(-0.18) 

-0.23 
(-2.73)*** 

0.08 
(0.42)  

,2007iW   0.27 
(3.57)*** 

0.25 
(4.57)*** 

0.001 
(0.63) 

0.002 
(1.51)  

,2007iG   0.19 
(5.15)*** 

0.12 
(3.99)*** 

0.003 
(3.00)*** 

0.004 
(4.62)***  

Constant -82.85 -46.40 -0.98 -0.82 
 (-5.01)*** (-3.47)*** (-2.73)*** (-3.12)*** 
R2 0.40 0.23 0.14 0.16 

 
1, ,i t i t

CS CS+ −−   
, ,i t i t

CS CS+ −−   
1, ,

ln( ) ln( )
i t i t

CS CS+ −−   
, ,

ln( ) ln( )
i t i t

CS CS+ −−   

Treatment -38.58 1.02 -0.40 -0.06 
 (-3.28)*** (0.10) (-2.26)** (-0.37) 

,2007iW   0.38 
(4.14)*** 

0.34 
(5.45)*** 

0.002 
(1.69)* 

0.0001 
(0.09)  

,2007iG   0.24 
(5.09)*** 

0.12 
(3.48)*** 

0.001 
(1.99)** 

0.003 
(4.04)***  
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Constant -98.11 -38.56 -0.39 -0.45 
 (-4.55)*** (-2.45)** (-1.51) (-2.15)** 

R2 0.50 0.23 0.17 0.15 
* p<0.1; ** p<0.05; *** p<0.01 

 

Table M: Robustness Checks for treatment effects on Corn Acres. All combinations of multiple 
treatment and control groups. 

Ethanol Plant Combinations 
, ,

ln( ) ln( )
i t i t

C C+ −−  
1, ,

ln( ) ln( )
i t i t

C C+ −−  
1, ,

ln( ) ln( )
i t i t

C C+ −−  

Red Trail 
Energy 

T1 and C2 -0.64* n/a n/a 

T2 and C2 -0.87*** n/a n/a 

T1 and C1 -0.80*** n/a n/a 

T2 and C1 -1.11*** n/a n/a 

Blue Flint  T1 and C2 0.50 n/a n/a 

T2 and C2 0.05 n/a n/a 

T1 and C1 0.47** n/a n/a 

T2 and C1 0.33 n/a n/a 

Tharaldson 
Ethanol 

T1 and C2 -0.21** n/a n/a 

T2 and C2 -0.18*** n/a n/a 

T1 and C1 -0.18*** n/a n/a 

T2 and C1 -0.12** n/a n/a 

Hankinson 
Renewable 
Energy 

T1 and C2 0.28** 0.22** n/a 

T2 and C2 0.34*** 0.30*** n/a 

T1 and C1 0.17*** 0.12*** n/a 

T2 and C1 0.18*** 0.15*** n/a 

Cluster 1: 
POET Bio 
Refinery and 
NuGen Energy 

T1 and C2 0.09** n/a 0.12** 

T2 and C2 0.09*** n/a 0.12*** 

T1 and C1 0.02 n/a 0.02 

T2 and C1 0.03* n/a 0.03 

Cluster 2: 
Advanced Bio 
Energy and 

T1 and C2 0.37** n/a -0.58** 

T2 and C2 -0.25* n/a -0.74*** 

T1 and C1 0.42** n/a -0.38*** 
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Glacial Lakes 
Energy 

T2 and C1 -0.07 n/a -0.64*** 

* p<0.1; ** p<0.05; *** p<0.01; N/A means ‘not applicable’ for the case. 

 

Table N: Robustness Checks for treatment effects on Corn&Soy Acres. All combinations of 
multiple treatment and control groups. 

Ethanol 
Plant 

Combinations 
, ,

ln( ) ln( )
i t i t

CS CS+ −−  
1, ,

ln( ) ln( )
i t i t

CS CS+ −−  
1, ,

ln( ) ln( )
i t i t

CS CS+ −−  

Red Trail 
Energy 

T1 and C2 -0.61* n/a n/a 

T2 and C2 -0.88*** n/a n/a 

T1 and C1 -0.83*** n/a n/a 

T2 and C1 -1.11*** n/a n/a 

Blue Flint  T1 and C2 -0.22 n/a n/a 

T2 and C2 -0.65** n/a n/a 

T1 and C1 -0.12 n/a n/a 

T2 and C1 -0.22 n/a n/a 

Tharaldson 
Ethanol 

T1 and C2 -0.44*** n/a n/a 

T2 and C2 -0.43*** n/a n/a 

T1 and C1 -0.28*** n/a n/a 

T2 and C1 -0.26*** n/a n/a 

Hankinson 
Renewable 
Energy 

T1 and C2 0.06* 0.19*** n/a 

T2 and C2 0.04 0.16*** n/a 

T1 and C1 0.02 0.09*** n/a 

T2 and C1 0.01 0.09*** n/a 

Cluster 1: 
POET Bio 
Refinery 
and NuGen 
Energy 

T1 and C2 0.04*** n/a 0.05*** 

T2 and C2 0.04*** n/a 0.07*** 

T1 and C1 0.04*** n/a 0.05*** 

T2 and C1 0.04*** n/a 0.06*** 

Cluster 2: T1 and C2 -0.005 n/a -0.72*** 
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Advanced 
Bio Energy 
and Glacial 
Lakes 
Energy 

T2 and C2 -0.31*** n/a -0.69*** 

T1 and C1 0.08 n/a -0.46*** 

T2 and C1 -0.25*** n/a -0.63*** 

* p<0.1; ** p<0.05; *** p<0.01; N/A means such case is ‘not available’ here.  


