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Abstract 
Rail service is often the most cost-effective available alternative for shipping agricultural 
commodities in the Upper Midwest Region of the United States. The recent energy boom has 
created new competition for the use of shipping services. As oil has taken up freight space on 
railways, it has become more costly for farmers in states like Minnesota, Montana, North 
Dakota and South Dakota to reach grain markets, resulting in millionaire losses. Furthermore, 
the recent drop in oil prices may have magnified farmers’ difficulties in shipping their products 
as some participants in the energy industry have turned to using railcars for storing surplus 
inventories of crude oil. 
The goal of this project is to investigate the transportation link between wheat and energy 
markets. Using oil nearby prices as a proxy, I study three particular effects of increased 
competition for rail services. First, I use national measures to study the impact of track 
congestion on wheat basis and I test for structural breaks reflecting the recent drop in oil 
prices. Then, I examine how the expansion of the energy sector may have had different effects 
on prices received by wheat producers in North Dakota and Texas. Finally, I investigate 
whether the construction of new regional liquid pipeline networks is linked to regional wheat 
prices. Futures prices for ethanol, coal, and natural gas are also included to account for 
additional and confounding linkages between agricultural and energy markets. The general 
finding is consistent with economic theory and anecdotal observations about disproportionate 
impacts of the energy sector’s expansion between US regions. However, the use of prices as 
proxy variables is questionable based on validity tests and gives reason to take the accuracy of 
the results with skepticism. 
Keywords: Transportation Costs, Wheat Prices, Rail Services, Oil Boom, Pipeline. 
JEL Codes: Q11, Q41, R40, L92   
 

1. Introduction   

There is an imminent connection between recent developments in the energy sector and 

trends in grain transportation. More precisely, the crucial connectors appear to be grain-

transportation costs and oil-storage costs. The general hypothesis tested in this paper is that 

increased transportation costs resulting from the increased demand for rail services by the oil 

sector is an important determinant of wheat basis differentials between regions in the U.S.  

Transportation plays a principal role in agricultural economics research. The fact that 

location of agricultural production centers is mostly (if not entirely) determined by land 

availability, land quality, and climate together with the immobile nature of many agricultural 

processes (crop fields and pastures) make production locations, by definition, not transferable; 

therefore, transportation is the single most crucial factor for linking producers to consumers in 

agricultural markets. It is then perhaps unsurprising to find that an extensive inland waterway 
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system, a fairly well connected and efficient rail transportation system, and a complete 

highway network have been critical to the historical competitiveness of U.S. agriculture in 

international markets. 

The United States is third in global production of wheat and ranks first in crop export 

value (almost 50% of wheat produced in the U.S. is exported). Wheat is produced in nearly 

every state of the country and is the third largest crop in terms of both value and acreage, 

behind only corn and soybeans. The leading wheat producing states in 2013 and 2014 were 

North Dakota, Kansas, Montana, South Dakota, Washington, Idaho, Colorado, Nebraska, Texas 

and Minnesota.1 The largest wheat producer in the country, North Dakota produces around 

300 million bushels of hard red spring and durum wheat annually—more or less 41% above the 

2014 output in Kansas. 

Over a given distance, barge transportation is the most cost-effective mode of 

transportation for low-value, bulky commodities, followed closely by rail. Figure 1 breaks down 

by mode the historical transportation of wheat in the U.S. from 1978 to 2013. Rail has 

historically been the dominant method of shipping wheat.2 However, since 2007, there has 

been an important decline in the use of rail for transporting wheat concomitant with a sharp 

increase in the use of truck and a slight augment in the use of barge. The timing of the decline 

matches the time periods that concern this study: the 2007-2016 period of non-convergence 

between the futures and spot wheat prices, and the 2011-2016 period of oil bonanza. 

Since 2011, oil production in the US has increased rapidly mostly due to recent 

technological innovations in the drilling and extracting processes that have expanded the 

country’s pool of exploitable oil and shale gas deposits. The application of horizontal drilling 

and hydraulic fracturing technologies (or fracking) lead to a rapid expansion in oil extraction 

(See Figure 3). Today, the U.S. is the third largest oil producer after Russia and Saudi Arabia. 

The leading oil-producing states in the country in 2014 were Texas (3.17 million barrels per 

day), North Dakota (1.09 million barrels per day) and California (0.5 million barrels per day). 

Texas and North Dakota alone account for over 50% of all the oil produced in the country.  

The rapid expansion in oil extraction meant that by the end of 2010, oil production 

rates had outgrown pipeline capacity to ship oil out of production sites (EIA, 2015).3 Pipelines 

                                                           
1 These states accounted for 71% and 64% of the national wheat production in 2014 and 2013, 
respectively. 
2 The same is not true for all other grains. Figure 2 breaks down transportation of all grains by mode and 
shows how hauling by truck has become increasingly more important than rail. Nevertheless, rail 
transportation remains more important than barge. 
3 The most recent Petroleum Supply Monthly, shows an average of 1.7 million barrels per day shipped 
out of the Midwest during the first five months of 2015, of which 638,000 b/d were transported by rail. 
The EIA recognizes that without these rail movements, the Midwest region would still be a net recipient. 
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take time to layout, are costly to construct, and are politically controversial. Conversely, 

railroads offer great flexibility (relative to pipelines) to transfer oil to whomever offers the best 

price. Perhaps unsurprisingly, since 2011 oil producers have increasingly relied on rail 

transportation to ship the material out of producing states. Figures 4 and 5 show Oil Shipments 

from the Midwest and the Gulf Coast regions to other regions in the US by mode of 

transportation.4 The increased reliance on railcars for transporting oil is dramatically obvious 

for the Midwest region; however, it is hard to say from a simple visual inspection whether oil 

producers in the Gulf Coast have increasingly relied on railcars to ship oil out of the region.  

Rail companies have been accused of prioritizing oil shipments over grain; however, 

rail companies assert that the delays are due much higher rail demand and rail congestion in 

general. In defense of rail companies, economic theory does suggest that the increase in 

demand for rail services by the oil sector is likely to increase transportation costs for all 

competing consumers, including wheat farmers. High crude oil prices encourage oil production 

therefore affecting the demand for shipping services—including railcars. Figure 6 plots wheat 

prices against crude oil prices, clearly showing a negative linear relation between these two 

variables. According to this logic, wheat farmers struggling to reach markets due to increased 

transportation costs should celebrate the recent dramatic drop in oil prices. However, the 

decline in oil prices may not have alleviated the pressure that wheat farmers face from the oil 

industry when competing for access rail services. In fact, it is precisely the decline in oil prices 

what could complicate things even further for wheat farmers. 

In this paper I claim that U.S. oil storage nearing capacity seems to be an additional 

source of concern for wheat farmers, and I want to test whether there is evidence to support 

this reasoning. The recent plunge in oil prices has brought many changes to the industry in 

general and oil producers are increasingly choosing not to sell their product at current prices. 

Instead, they seem to be turning to innovative ways to store their surplus crude and sell it 

through the futures market for delivery at a later date and for a higher price. According to the 

EIA, U.S. crude inventories rose above 500 million barrels in late January, 2016 for the first 

time since 1930. The low oil prices have created a new demand for what the industry calls 

“rolling storage”: the practice of storing of surplus inventories in railcars.5  

Storage is a crucial factor in the business of managing inter-temporal trade-offs of 

value of bulky, non-perishable commodities. If recorded uses of the so-called rolling-storage 

method are more than simple anecdotes and in fact reflect a systematic and permanent 

                                                           
4 North Dakota is part of the Midwest or the Second Petroleum Administrative Defense District (PADD 2) 
along with 14 other states. Texas is part of the Gulf Coast region (PADD 3) along with 5 other states. 
5 “The New Oil-Storage Space: Railcars”. WSJ, Feb. 28, 2016 
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change in the oil industry, then, wheat farmers may have to compete for access to railcars for 

a longer period of time. Moreover, if there is any truth in the accusation that rail companies 

favor oil over grain, the relative economic and political power that farmers have to alleviate 

this transportation pressures may be further deteriorated. 

The background exposed above frames the context of the four questions posed in this 

study: (1) Has the recent oil boom in the US had a significant negative impact on wheat prices? 

(2) Is there a difference in trends of wheat prices before and after the recent plunge in oil 

prices and if so can the difference be attributed to changes in storage and transportation 

costs? (3) Does the construction of new pipelines alleviate some of the demand pressure on 

rail services therefore lowering transportation costs for wheat producers and ameliorating the 

impact of increased regional oil production and shipment? and (4) Have farmers in North 

Dakota been disproportionately affected by changes in crude oil production and shipment 

relative to farmers in Texas?  

The remainder of this paper is organized as follows. Section 2 presents a short 

summary of the recent literature exploring the connections between transportations costs and 

grain prices. In Section 3 a basic theoretical framework of futures markets is developed to 

justify the use of oil prices as an adequate proxy variable and to derive predictions on wheat 

prices after changes in oil prices. Section 4 describes the empirical strategy for answering the 

four questions previously introduced. Section 5 describes the data used for the econometric 

estimation and presents descriptive statistics. Section 6 exhibits and interprets the results the 

econometric estimations. Section 7 discusses policy implications of the findings, while section 

8 presents recommendations for future research. Concluding remarks are in Section 9.  Tables 

and figures are provided at the end of the document. 

 

2. Literature Review 

The idea that rail car disruptions and delays affect commodity basis values is utterly non-

controversial, and multiple studies have empirically examined the impacts of changes in some 

of the dimensions of transportation cost on grain prices. Moreover, responding to explicit 

senatorial requests, there are at least two new studies examining the role of recent rail service 

disruptions in the Upper Midwest following the 2013-2014 rail delays crisis (with the height of 

the backlog occurring in March, 2014).6 Despite the completeness of some of these works, I am 

                                                           
6 Concerned with threats to the competitiveness of Midwest farmers, senators from Minnesota, South 
Dakota and North Dakota requested official investigations. These resulted in the 2015 USDA AMS study 
“Rail Service in the Upper Midwest: Implications for Agricultural Sectors—Preliminary Analysis of the 
2014-2014 Situation” in response to a request by Senators from South Dakota and Minnesota (John 
Thune and Amy Klobuchar), and the 2014 study by Frayne Olson at North Dakota State University 
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not aware of previous efforts to quantify the effect of the new demand for the so-called 

“rolling storage” service, or any efforts to test whether the interaction between pipeline 

construction and the oil sector’s surging demand for rail services is empirically important. In 

addition, previous analyses are characterized by a large degree of uncertainty in the 

explanatory power of transportation rail costs as a determinant of changes in local commodity 

prices. In this regard, my paper contributes to the literature not only by adding another 

estimation testing the robustness of previous findings but by exploring new linkages between 

the energy sector and grain markets.  

Studies looking at quantifying the impact on grain prices tend to focus on estimating 

some measure of losses in farm revenue from increased transportation costs due to changes in 

a particular market force. These studies generally compare historic average basis of grains to 

identity times that are characterized by transportation delays or storage constraints and then 

calculate losses in farm revenue. For example, Usset (2014) studies the effect of rail delays due 

to large crops by comparing the grain basis in Minnesota from March 2014 to May 2014 to a 

historical average. That 3-month comparison suggested that lower prices for soybeans, corn 

and hard red spring wheat crops farmers could have amounted to around 1% of Minnesota’s 

annual crop revenue. In a similar study, Olson (2014) attempts to determine the extent to 

which increases in railroad freight rates impacted North Dakota farmers from January to April, 

2014. Olson accounts for the fact that 2014 was a large crop year in the region and uses 

monthly average basis values from distinct grain elevators in North Dakota to arrive at a 

preliminary estimate of USD$ 67 million in lost revenue for crops sold in the state between 

January and April, 2014. Olson calculates an additional USD$ 94 million in lost revenue for that 

year’s crop if the rail service disruptions continued. 

Other studies directly consider the impact of rail car availability and rail transport costs 

(such as rail rates, barge and ocean shipping rates and storage costs) on grain prices (Norton, 

1995; Wilson and Dahl, 2010-2011). In a 2015 investigation, researchers from the USDA 

Agricultural Marketing Service (AMS) examine how transportation costs may have resulted in 

changes to prices received by producers in the Upper Midwest relative to the prices at the 

ports in the Pacific Northwest and the Gulf of Mexico. The authors conclude that several 

factors explained the significant challenges for rail shipments in the Upper Midwest in 2013, 

which persisted into the Fall of 2014, including a record grain harvest in the U.S. and Canada, a 

particularly harsh winter often requiring rail operators to cut train lengths, short supply of 

                                                           
“Effects of 2013/2014 Rail Transportation Problems on North Dakota Farm Income” in response to a 
request from North Dakota’s Senator (Heidi Heitkamp). 
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locomotives and crews for rail services, and the increased demand for services from the energy 

sector. This study shows transportation costs as a significant factor in explaining why local 

prices in the Upper Midwest may be relatively low compared to nearby futures prices or spot 

prices at other locations. The preliminary results suggest that rail transportation cost increases 

for grains, could have depressed local crop price bases on average by between USD$ 0.01- 

USD$ 0.08 per bushel in 2014. 

 

3. Theory 

This paper poses specific questions regarding the impacts of a particular aspect of 

transportation costs on wheat prices. To derive testable predictions, it is imperative to develop 

a theoretical framework of market prices for wheat. In developing the following model, I build 

on the rational expectations model of stock holding behavior (see for example Gustafson, 

1958; Williams and Wright, 1991). In this model, I abstract from the underlying forces that 

generate the so-called convenience yield and simply specify the spot price as function of 

storage and transportation costs. Considering these costs, I follow the framework presented in 

Garcia et al. (2015) in which a stationary rational expectations equilibrium exists in the spot 

market and implies: 

 

(1) 𝑃𝑡 =
𝐸[𝑃𝑡+1]

1+𝑟𝑡
− 𝛿𝑡(𝐼𝑡, 𝑌𝑡) − 𝜏𝑡(𝑌𝑡, 𝑂𝑆𝑡 , 𝑂𝐼𝑡) 

 

where 𝑃𝑡 is the spot market price, 𝑟𝑡 is the cost of capital, 𝛿𝑡  is the marginal cost of storing 

grain and is a monotonically increasing function of wheat inventories, 𝐼𝑡, and 𝜏𝑡 denotes 

transportation costs as a function of current wheat production, 𝑌𝑡, oil shipments, 𝑂𝑆𝑡, and oil 

inventories, 𝑂𝐼𝑡. 

For a more general understanding of the economic situation in local markets, it is 

preferred to study the behavior of basis values rather than spot prices. The basis equals the 

difference between the spot market price and the futures market price: 

 

(2) 𝐵𝑡 = 𝑃𝑡 −  𝐹𝑡
𝑇 

 

where 𝐹𝑡
𝑇 is the price of a futures contract in period t for delivery in period 𝑇.7 

                                                           
7 For the empirical analysis of this research I examine the impacts of transportation congestion on the 
nearby basis. The nearby basis reflects the difference between the local cash price for delivery at time t 
and the price for the corresponding futures market contract with the settlement date that is closest to t. 
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Putting (1) and (2) together it is easy to see how the basis relates local drivers of spot 

prices, such as transportation costs, and national and international supply and demand 

conditions. According to these equations, remote locations that are far from inland waterways 

and markets, and where large distances make the cost of trucking commodities sufficiently 

high, will consistently have a more negative basis. Also, locations with high storage costs 

(either due to low storage capacity or unusually large crops) will have a weaker basis. 

In a context of the recent events in the energy industry and the overall reduced 

shipping capacity, this simple but intuitive model predicts that transportation disruptions 

(which are manifested as increased transportation costs) cause local prices to fall relative to 

futures prices—that is, locations affected by the energy boom will have a disproportionately 

weaker (more negative) basis than comparable locations. The impact of transportation 

disruptions on wheat prices is transmitted through two potential mechanisms. First, because 

grain processors and exporters face higher shipping costs for the crops they buy, grain 

elevators may offer farmers lower prices for their crops. Second, if futures prices accurately 

reflect traders’ expectations about future market conditions and are informative about 

expected transportation disruptions, expectations about track congestion will be reflected in 

the price for wheat futures contracts.8 That is, if wheat producers expect current track 

congestion to remain an issue, they will form expectations for low spot prices in the future and 

store their crops to sell them for delivery in future dates.  

 

4. Empirical Methods 

4.1 Econometric Model 

The goal for this project is to investigate the transportation link between energy and grain 

markets. The general hypothesis tested in this paper is that increased transportation costs 

resulting from the increased demand for rail services is an important determinant of wheat 

basis differentials between regions in the U.S. In turn, the four specific hypothesis posed in this 

study are the following: (H1) the surge in shale-oil production in the US has had a negative 

impact on wheat prices due to the increased use of U.S. railcars to transport large volumes of 

oil; (H2) the recent plunge in oil prices has driven a demand for “rolling storage” further 

impeding farmers’ access to railcars for shipping their grains out to regional, national and 

                                                           
8 According to the theory of futures trading, prices in the futures market should converge to spot prices 
as the date approaches the delivery day. Although there is lack of universal consensus for the theoretical 
purity of this result, it is backed by intuition and evidence. It is claimed that 𝐸[𝑆𝑡] → 𝐹𝑡

𝑇 because 
otherwise some market participants would be making positive economic profits. For example, if spot 
prices were lower than future prices even as time approached the month of delivery, traders would buy 
the asset today and store it to make the delivery. 
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global markets; (H3) the construction of new pipelines alleviates some of the demand pressure 

on rail services therefore lowering transportation costs for wheat producers and ameliorating 

the impact of increased regional oil production and shipments; and (H4) farmers in North 

Dakota have been disproportionately affected by changes in crude oil production and 

shipments relative to farmers in Texas. 

As specified in equations (1) and (2) in the theoretical section, variables other than 

demand for railcar services may play a significant and even substantial role in explaining wheat 

basis differentials. The reduced form equation that will be used to test the model proposed by 

(1) and (2) is the following: 

 

(3) 𝐵𝑖𝑡 = 𝛽0 + 𝛽1𝛿𝑖𝑡 + 𝛽2𝜏𝑖𝑡 + 𝜐𝑖𝑡 

 

where 𝐵𝑖𝑡 = 𝑃𝑖𝑡 − 𝐹𝑡 (as in equation 2); 𝛿𝑖𝑡  represents wheat storage costs, 𝜏𝑖𝑡 is 

transportation costs, and 𝜐𝑖𝑡  is an exogenous, random shocks to the system. 𝛿𝑖𝑡(∙) is thought 

to depend on current grain production and accumulated inventories; while 𝜏𝑖𝑡(∙) is also 

determined by availability of railcars. With this study I hope to pin down the role of recent 

developments in the oil sector on railcars availability and therefore transportation costs. 

Specifically, I want to identify the direct impact of the industry’s use of railcars to transport 

and store oil on 𝜏𝑖𝑡(∙). 

The theoretical model suggests estimating an equation for wheat basis with storage 

and transportation cost variables on the right-hand-side (RHS). However, these variables are 

not observed directly; therefore, it is necessary to use proxies that absorb their effect so the 

impact of oil prices can be isolated. Variables that are thought to determine 𝛿𝑖𝑡  include wheat 

production, wheat inventories, and oil inventories—the focus of interest.9 In turn, to specify an 

estimable form for 𝜏𝑖𝑡, I consider multiple factors that may determine the local demand for rail 

services and therefore the transportations costs faced by wheat farmers—which are in turn 

reflected in grain basis. Specifically, the determinants of the demand for rail services 

considered here are wheat production, wheat storage capacity, oil shipments, oil inventories, 

natural gas production, coal production, ethanol production, and availability of feasible 

alternative transportation methods—specifically miles of constructed pipelines.10 

                                                           
9 For the medium-term horizon considered in this analysis, I will abstract from farmers’ decision to 
expand in-farm storage capacity and railroad operators’ decision to invest in rail network expansion. 
10 Currently, there exists literature analyzing how energy markets and grain markets are linked through 
ethanol (see for example Serra and Zilberman, 2013; Tyner, 2010). However, these papers do not 
consider how these markets may be linked by transportation. It may be that the joint effect of the 
ethanol and transportation links between energy and grain markets matters differently than the 
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This study seeks to down the effect on wheat prices of increased demand for railcars 

to be used for transportation and storage by oil producers. However, data of oil shipments by 

rail is limited; therefore, in this study I will also test whether oil  nearby futures prices can be 

used as an alternate variable to reflect the impact of oil inventories and oil shipments on 

wheat prices. In the reduced form of the model, wheat production, wheat stocks and lagged oil 

nearby futures prices are included as the regressors. To simulate a quasi-general-equilibrium 

analysis, I include lagged nearby futures prices of natural gas, coal, and ethanol, total pipeline 

miles built, and an interaction term between mileage and oil prices. The equations 

representing the underlying forces of the model are the following: 

 

For region 𝑖 in year 𝑡, 

(3) 𝐵𝑖𝑡 = 𝑓1(𝛿𝑖𝑡(∙), 𝜏𝑖𝑡(∙), 𝜈𝑖𝑡
1 ) 

with 

(4) 𝛿𝑖𝑡(∙) = 𝑓2(𝑌𝑖𝑡 , 𝐼𝑖𝑡 , 𝜈𝑖𝑡
2 ) 

 

(5) 𝜏𝑖𝑡(∙) = 𝑓3(𝑌𝑖𝑡 , 𝐼𝑖𝑡, 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒_𝑅𝑎𝑖𝑙𝑐𝑎𝑟𝑠, 𝜈𝑖𝑡
3 ) 

and 

(6) 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒_𝑅𝑎𝑖𝑙𝑐𝑎𝑟𝑠 = 𝑓4(𝑂𝑖𝑙_𝑆ℎ𝑖𝑝𝑝𝑚𝑒𝑛𝑡𝑠, 𝑂𝑖𝑙_𝑆𝑡𝑜𝑟𝑎𝑔𝑒, 𝜈𝑖𝑡
4 ) 

where 

(7) 𝑂𝑖𝑙_𝑆ℎ𝑖𝑝𝑚𝑒𝑛𝑡𝑠 = 𝑓5(𝑂𝑖𝑙_𝑃𝑟𝑖𝑐𝑒𝑡−1, 𝑁𝑎𝑡𝑢𝑟𝑎𝑙𝐺𝑎𝑠_𝑃𝑟𝑖𝑐𝑒𝑡−1,  𝐶𝑜𝑎𝑙_𝑃𝑟𝑖𝑐𝑒𝑡−1,

𝐸𝑡ℎ𝑎𝑛𝑜𝑙_𝑃𝑟𝑖𝑐𝑒𝑡−1, 𝑃𝑖𝑝𝑒𝑙𝑖𝑛𝑒𝑖𝑡,   𝜈𝑖𝑡
5 ) 

 

(8) 𝑂𝑖𝑙_𝑆𝑡𝑜𝑟𝑎𝑔𝑒 = 𝑓6(𝑂𝑖𝑙_𝑃𝑟𝑖𝑐𝑒𝑡−1, 𝑁𝑎𝑡𝑢𝑟𝑎𝑙𝐺𝑎𝑠_𝑃𝑟𝑖𝑐𝑒𝑡−1,  𝐶𝑜𝑎𝑙_𝑃𝑟𝑖𝑐𝑒𝑡−1,

𝐸𝑡ℎ𝑎𝑛𝑜𝑙_𝑃𝑟𝑖𝑐𝑒𝑡−1, 𝑃𝑖𝑝𝑒𝑙𝑖𝑛𝑒𝑖𝑡,   𝜈𝑖𝑡
6 ) 

 

In equations (7) and (8) 𝑂𝑖𝑙_𝑆ℎ𝑖𝑝𝑚𝑒𝑛𝑡𝑠 represents the number of railcars for shipping oil out 

of producing regions, and 𝑂𝑖𝑙_𝑆𝑡𝑜𝑟𝑎𝑔𝑒 represents the number of railcars used to store oil near 

production sites. 𝑂𝑖𝑙_𝑃𝑟𝑖𝑐𝑒𝑡 is the nearby futures price of crude oil; 𝑁𝑎𝑡𝑢𝑟𝑎𝑙𝐺𝑎𝑠_𝑃𝑟𝑖𝑐𝑒𝑡−1 the 

lagged nearby futures price of natural gas; 𝐶𝑜𝑎𝑙_𝑃𝑟𝑖𝑐𝑒𝑡−1 the lagged nearby futures price of 

coal; 𝐸𝑡ℎ𝑎𝑛𝑜𝑙_𝑃𝑟𝑖𝑐𝑒𝑡−1 the lagged nearby futures price of ethanol; 𝑃𝑖𝑝𝑒𝑙𝑖𝑛𝑒𝑖𝑡 is total miles of 

liquid pipeline in region 𝑖; and 𝜈𝑖𝑡
𝑗

 are exogenous, random shocks.  

                                                           
individual effects. A complicating issue for using ethanol and oil prices as proxies is the imminent threat 
of endogeneity. Oil and ethanol markets are largely influenced by legislation—which is in turn largely 
influenced by energy lobbies. A tricky aspect of this or future projects will be figuring out how to 
account for or abstract from these type of institutional factors. 
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Using equations (4)-(8) as characterizations of the underlying fundamentals behind the 

process determining wheat prices, the general reduced-form equations that will be used to 

examine the questions posed in this paper are the following: 

A first stage equation for grain transportation costs, 

(9) 𝜏𝑖𝑡 = 𝛼0 + 𝛼1𝑌𝑖𝑡 + 𝛼2𝐼𝑖𝑡 + 𝛼3𝑂𝑖𝑙_𝑃𝑟𝑖𝑐𝑒𝑡−1 + 𝛼4𝑁𝑎𝑡𝑢𝑟𝑎𝑙𝐺𝑎𝑠_𝑃𝑟𝑖𝑐𝑒𝑡−1 +

𝛼5𝐶𝑜𝑎𝑙_𝑃𝑟𝑖𝑐𝑒𝑡−1 + 𝛼6𝐸𝑡ℎ𝑎𝑛𝑜𝑙_𝑃𝑟𝑖𝑐𝑒𝑡−1 + 𝛼7𝑃𝑖𝑝𝑒𝑙𝑖𝑛𝑒𝑖𝑡 + 𝛼9𝑆ℎ𝑖𝑝𝑝𝑖𝑛𝑔_𝐵𝑜𝑜𝑚𝑖𝑡 +

𝛼10𝑅𝑜𝑙𝑙𝑖𝑛𝑔_𝑆𝑡𝑜𝑟𝑎𝑔𝑒_𝐷𝑖𝑠𝑐𝑜𝑣𝑒𝑟𝑦𝑖𝑡 + 𝜇𝑡 + 𝑆𝑖 + 𝜂𝑖𝑡  

 

And a second-stage equation for wheat basis, 

(10) 𝐵𝑖𝑡 = 𝛾0 + 𝛾1𝑌𝑖𝑡 + 𝛾2𝐼𝑖𝑡 + 𝛾3𝜏𝑖�̂� + 휀𝑖𝑡  

 

where 𝑆ℎ𝑖𝑝𝑝𝑖𝑛𝑔_𝐵𝑜𝑜𝑚𝑖𝑡 is a vector variable where entries take the value of 1 for years in 

which region 𝑖 experienced the surge in oil production and zero otherwise; 

𝑅𝑜𝑙𝑙𝑖𝑛𝑔_𝑆𝑡𝑜𝑟𝑎𝑔𝑒_𝐷𝑖𝑠𝑐𝑜𝑣𝑒𝑟𝑦𝑖𝑡 is also a binary vector taking the value of 1 for years in which 

region 𝑖 saw an increased demand for rolling storage; 𝜇𝑡 is a time-specific effect; 𝑆𝑖 is a region-

specific effect; and 𝜂𝑖𝑡 and 휀𝑖𝑡  are exogenous, random shocks. Of course, for the national-level 

analysis the subscript 𝑖 in equations (3)-(8) can be suppressed. 

 

4.2 Estimation Procedure 

The empirical analysis is divided into three sections. First, I estimate the model using national 

measures to study the impact of track congestion on wheat prices and calculate welfare 

impacts to farmers nationwide. In this section I also test for structural breaks to determine 

whether there is a difference in the impact on wheat prices before and after the recent drop in 

oil prices in order to assess the role of the demand for “rolling storage” of crude oil. Then, I use 

regional data to conduct a comparative study between North Dakota and Texas and assess 

whether the oil boom and the subsequent competition for transportation in the Upper 

Midwest accentuates the differences between prices received by wheat producers these 

states. Finally, I expand the comparative analysis characterized by (9) and (10) adding an 

interaction term to investigate whether the construction of new regional liquid pipeline 

networks is linked to regional wheat bases. 

For each level of aggregation (state-regional and national), a host of specifications in two-

stage least squares econometric models regressing the wheat nearby basis on oil nearby 

futures prices is used. The general equation (10) is estimated with various combinations of 

price variables to proxy for railcar demand and transportation costs. Six basic specifications 

were explored in each analysis, and for each specification, progressively more saturated 
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versions were explored. Each subsequent model added a set of explanatory variables to the 

regression—price variables for energy commodities, wheat production variables, and pipeline-

related variables. Year-specific fixed effects were sometimes used, but, interestingly, after a 

certain point of model saturation they were largely uninformative. State-specific fixed effects 

were never used for the national due to the limited number of observations. The results from 

this estimation process are presented in section 6 of this paper and are followed by a brief 

discussion on their implications for agricultural, energy and transportation policy. 

 

5. Data 

For the econometric estimation, I use data obtained from various sources. Table 1 provide 

information on the data and data sources used in the econometric estimations. Table 2 shows 

descriptive statistics of the variables used in the econometric regressions.  

For the national-level analysis of the impact of increased competition for rail services 

on wheat basis I use production data from the U.S. Department of Agriculture (USDA) and the 

National Agricultural Statistics Service (NASS). I construct a wheat nearby basis using price data 

from the USDA and the Chicago Board of Trade (CBOT). For oil, coal, natural gas, and ethanol 

futures data I use the first expiration future nearby settlement prices posted by the CBOT and 

the New York Mercantile Exchange (NYMEX). Finally, to study the linkage between pipeline 

construction and wheat basis I use annual data of pipeline mileage from the Pipeline and 

Hazardous Materials Safety Administration of the US Department of Transportation (PHMSA). 

In North Dakota, most of the oil is shipped by train while in Texas, the dominant mode 

of oil transport are pipelines. This fact, together with the recorded increase in rail movements 

of crude oil in the Midwest, can be used to answer questions posed by this paper: whether 

changes in the energy sector have disproportionately impacted wheat farmers in North Dakota 

compared to farmers in Texas. For the comparative study between North Dakota and Texas, I 

use state-level monthly NASS survey data on wheat price received by farmer, annual census 

data on production of winter and spring wheat, and periodic survey data for on-farm and off-

farm wheat stocks in addition to futures data from the CBOT and the NYMEX. Also, I use 

annual data of pipeline mileage by state PHMSA.  

 

6. Results 

The results that will be presented in this section correspond to those from the preferred 

specification among all explored versions. However, the discussion provided here includes 

highlights and lessons from the iterative process of model selection. The results corresponding 

to the main models considered are summarized in Tables 3 through 5 (3 tables). 
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6.1 H1, H2, H3: the recent oil bonanza in the US negatively impacts on wheat prices 

Consistent with the theoretical discussion, in almost every specification of the model, lagged 

oil prices have a negative and statistically significant impact on wheat basis. As senators had 

feared, oil prices and wheat prices seem to be negatively related. However, the effect is very 

small, with coefficient estimates ranging from -0.477 to -6.3; indicating that a 1% increase in oil 

nearby futures prices is associated with, at most, a decrease in the wheat basis of 0.06 cents 

per bushel. This result suggests there are reasons, other than the oil bonanza and the 

purported behind the drop in wheat prices between 2010 and 2014.  

Apart from tackling the determinants of the wheat basis, I was interested in testing if 

there was a “structural breakpoint” corresponding to the energy boom period. To find out, I 

pursued a heuristic search for the beginning of the energy boom—that is, I test for significance 

of before-and-after dummies for the years between 2008 and 2011.11 According to the results, 

there appear to be two possible break points signaling the beginning of the oil boom, one in 

2010 and one in 2011. However, the effect of the 2011 structural breakpoint is slightly larger 

and likely to be mainly related to the shale revolution and the energy boom as indicated in the 

background section of this paper. The preferred estimates (model 5) indicate that the wheat 

basis changed by 52 cents more from 2011 forward than in the years before 2011. 

To test for structural breaks and determine whether there is a difference in the impact on 

wheat prices before and after the recent drop in oil prices in order to assess the role of the 

demand for “rolling storage” of crude oil I use a typical dummy-variable strategy. I find that the 

2015-specific indicator has a negative and significant effect on wheat prices. This is interesting 

since all other dummy variables for years between 2006 and 2014 tend to have a positive 

impact on wheat prices. This in fact, can be seen as evidence against the rolling storage 

hypothesis. However, I suspect that the introduction of this variable simply reflects the effect 

of oil prices because when the 2015-specific year effect is included, the coefficient estimates 

for all lagged oil price variables cease to be significant or even change signs. Thus, it seems 

prudent to remain skeptical about the power of the data to show the existence or the lack of 

the so-called “rolling storage effect”. 

                                                           
11 These dummy variables are constructed so that the corresponding coefficients measure the difference 
in the average annual wheat basis between years before and after the corresponding breakpoint. For 
example, for the 2011-breakpoint-dummy, the indicator variable equal to zero for the 1990-2007 years 
and one for the 2008-2014 period. The estimated coefficient on the indicator variable from the 2011 
breakpoint regression is simply the average fitted wheat basis for 2011-2014 minus the average fitted 
wheat basis for 1990-2011. In this case the estimates indicate that the Wheat Basis changes by USD$ 
0.45 more from 2011 forward, compared to the years before 2011. 
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Wheat production and wheat inventories are generally significant and important 

determinants of the wheat basis. The preferred model (model 5) shows that a 1% increase in 

production or inventories is associated with a 0.09 decrease and a 1 cent increase in wheat 

basis, respectively. However, as suggested by their interaction with year-fixed effects 

dummies, the effect of production and inventories on wheat prices is clearly related to 

idiosyncratic events such as bumper harvests or abnormally rough winters. Most of the time, 

average wheat production has a negative effect on the basis while average wheat stocks have 

a positive effect—results in line with predictions highlighted in the theoretical discussion.  

When nearby futures prices of natural gas, coal, and ethanol are included in the 

regression, intricacies in the behavior of energy markets are revealed by the lack of robustness 

in the results. Among the energy variables, the one with the largest impact on wheat basis is 

ethanol price, followed by coal and natural gas prices in that order. According to the preferred 

model, a 1% increase in ethanol prices is associated with a 0.06 cent increase in the wheat 

basis. In turn, a similar increase in coal and natural gas prices is associated with a 0.04 and a 

0.01 cent decrease in the wheat basis.  

Under some specifications using various combinations of lagged prices of energy 

commodities, the impact of oil nearby futures prices on wheat basis never ceases to be 

negative or significant altogether. The volatility of these price variables points towards some 

complicating issues specific to working with energy markets. It becomes evident from the 

estimation exercise that a typical approach, like the one undertaken in this paper, may not be 

the best approach for addressing the issue at hand; partly because of the complexity involved 

and partly due to endogeneity concerns particular to energy markets. In future work, it would 

be interesting to explore the use of optimal control algorithms (like the simplex method), and 

the use of simulation programs to generate a host of pricing patterns corresponding to 

alternative transportation systems—from which to derive a distribution of responses in wheat 

markets. 

Including the change in pipeline mileage improves the model substantially (based on 

measures of model fitness). However, it is also true that the available time series is much 

shorter—the time series begins in 2010 and is only available at the annual frequency. Finally, 

the model is only improved marginally when the interaction term between oil nearby futures 

prices and pipeline mileage is included. This term behind using this interaction is to test 

whether the construction of new pipelines alleviates some of the demand pressure on rail 

services therefore lowering transportation costs for wheat producers and ameliorating the 

impact of increased regional oil production (H3). According to this rationale, the interaction 

term will indicate if the effect of oil nearby futures prices on the wheat basis is different under 
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different lengths of pipelines available for moving oil, and the expected sign for this term is 

negative—that is, the impact of oil nearby futures prices is expected to be lower when more 

pipeline infrastructure is in place. Empirically, this term is never significant—likely due to the 

lack of variation. Moreover, under this specification, all variables behave erratically. 

 

6.2 H4: Farmers in North Dakota have been disproportionately affected by changes in 

crude oil production, shipment, and storage relative to farmers in Texas 

The focus of this paper is to study the links between transportation, wheat and oil markets. 

Above, I presented the results from a time series exploration of these links at the national 

level. A particular issue of interest was the effect of pipeline mileage on easing the energy 

sector’s demand for railcars. However, the data in the national analysis was not sufficiently 

disaggregated to arrive at any definite results. To further explore the role of pipelines in 

determining rail car demand and therefore transportation costs to wheat farmers, I conduct a 

comparative study between North Dakota and Texas. 

North Dakota and Texas offer an interesting opportunity to study the particular role of 

pipeline mileage and its interaction with oil prices in the transportation-oil-wheat saga 

because these states are similar in the commodities front but largely differ on the structure of 

their transportation market. North Dakota and Texas are the two largest oil producers in the 

U.S.; they are also important wheat producers at the national level. However, two important 

features related to transportation distinguish the structure of the commodity supply chain in 

these states. Texas has a longer history of oil production and more pipeline capacity than 

North Dakota; also, North Dakota is landlocked, while Texas has access to ports in the Gulf 

Coast. These facts together mean that oil producers and wheat farmers in North Dakota, unlike 

those in Texas, have to engage in fierce competition to access a disproportionately scarce 

resource: rail services.  

Transportation of wheat has been historically done by train. To get an idea of how 

important trains are in the wheat market, consider that more wheat is transported by train 

than by trucks and barge together. However, since 2007, there has been an important decline 

in the use of rail for transporting wheat. The timing of this decline matches a period of oil 

bonanza in the Midwest. Since the discovery of hydraulic fracturing in recent years, the growth 

of North Dakota’s resource extraction industry has exploded. In fact, by the end of 2010, 

production rates in North Dakota had outgrown pipeline capacity and oil producers started to 

rely heavily on rail services to ship the crude out of the state. As oil has taken up the space on 

railways, it has displaced farmers’ access to transportation and increased the costs of shipping 
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grains out—resulting in millionaire losses to the Agricultural sector at the expense of the 

energy sector. 

In this section, I present the results from a comparative study between North Dakota 

and Texas conducted with the objective to answer the question posed by H3 of this general 

study of links between transportation, oil and wheat markets: What is the role of pipelines in 

determining railcar demand and therefore transportation costs to wheat farmers? 

The empirical analysis of this comparative study mirrors the procedure followed in the 

previous analysis at the national scale and is heavily informed by the corresponding results 

presented earlier in this section. 

  

6.2.1 North Dakota 

Under all explored specifications, one-year lagged oil nearby futures prices do have a relatively 

large negative and significant effect on the basis; however, six-month and trimester-long 

lagged prices have positive effects—sometimes they are also significant. According to the 

results, the impact of a 1% increase in oil nearby prices on the wheat basis received by farmers 

in the Upper Midwest state ranges -1.11 to -3.33 cents. Wheat production has a negative and 

sometimes significant effect on the basis (the effect ranges from -28.11 to -569.95). Wheat 

inventories are always positive and significant determinants with coefficients ranging from 

328.42 to 641.1. Meaning that a 1% increase in inventories is associated with an increase in 

price per bushel between 3 and 6 cents. Interestingly, at the state-level of analysis, including 

natural gas, coal, and ethanol nearby futures prices in the regressions seems to improve 

considerably the explanatory power of the model—much more so than at the national-level of 

aggregation. Coal and Natural gas are always significant, while ethanol is only significant 

sometimes. However, the sign in the coefficient estimates of these variable change across 

specifications. A possible explanation for this irregular behavior is that these prices may be 

capturing the impact of omitted factors—a particularly problematic one is political action. 

Introducing the pipeline mileage into the regression improves the fit of the model 

rather considerably, however, it also leads to some non-innocuous changes. I speculate this is 

likely to the fact that the number of observations is substantially reduced. Under this 

specification, oil nearby futures prices exhibit a change in sign; also, effect of natural gas, coal 

and ethanol nearby futures prices flip direction and/or become insignificant, suggesting that 

when pipeline mileage is accounted for, higher energy prices can actually positively affect the 

basis. Finally, including the interaction term to test H3 does not really improve the fit of the 

model. No variable is significant under this more comprehensive specification, suggesting that 
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there may not be a differential impact of oil nearby futures prices by varying degrees of 

pipeline extension. 

In general, once the oil bonanza is accounted for by the structural break variable, the 

effect of pipeline mileage on wheat basis in North Dakota is significant, positive and large—a 

1% increase in pipeline mileage is associated with a 2 cent increase in the wheat basis. This 

result indicates that more miles of constructed pipeline are associated with higher wheat 

prices—which is exactly what theory suggests. However, the limitations in the data (like lack of 

variation) are enough to recommend skepticism about the strength of this result. 

 

6.2.2 Texas 

The results for the Texas analysis differ from those of North Dakota rather starkly in some 

regards. For this region, the oil boom appears to have started in 2009 and not in 2011. 

Additionally, non-surprisingly, natural gas prices are not an important determinant of wheat 

prices—unlike the case in North Dakota. Thirdly, and more interestingly, the effect of pipeline 

mileage on wheat basis is significant, negative, and large in Texas; suggesting that more miles 

of constructed pipeline are associated with lower wheat prices. Of course, causality cannot be 

inferred from this relation. It could very well be the case that wheat prices in Texas are lower 

as the miles of pipeline increases because of an existing underlying trend shifting economic 

power from agriculture to energy. 

On the other hand, there also are results similar to the results for North Dakota. The 

principal result of interest remains unchanged: whenever significant, oil future nearby futures 

prices continue to have a negative impact on the basis; also, adding energy futures prices and 

total miles of pipeline to the regressions adds substantial explanatory power to the model. 

Finally, when the pipeline data is added to the analysis, the oil nearby variable is sometimes 

positive and sometimes negative. This result probably due to the drastic reduction in 

observations.  

Under the preferred specification, the impact of oil nearby futures prices on the basis 

is much smaller for Texas than for North Dakota—with the coefficients being -69.08 and -

333.11, respectively. This means that a 1% increase in oil prices is associated with a decrease 

of 0.7 cents per bushel in Texas and of 3.33 cents per bushel in North Dakota. Given that the 

average wheat basis in the US between 2010 and 2014 was around -16.99 cents, these results 

would roughly translate into a weakening of the basis of 4% in Texas and of 19% in North 

Dakota. However, if I compare other specifications (for example model 3 for North Dakota 

against Model 4 for Texas), the impact of oil prices on wheat basis is about 3 times larger in 

North Dakota than in Texas—instead of 4.75 times larger.  
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6.3 A note on the use of prices as proxies for railcar demand: How good is are they? 

The focus of this paper is to pin down the effect of an increase in the demand for railcars from 

the oil sector on wheat prices. Because I do not observe railcar demand directly, it is necessary 

to use proxy variables that reflect the fundamentals in the market for transportation services. 

The story presented here is that railcars are used by oil producers both for transport and 

storage. It thus follows that railcar demand is determined by sales and inventories. In turn, 

economic theory suggests sales and inventories of oil respond to expected oil prices and 

expected prices of related commodities. In this study, I choose to use prices of various energy 

commodities as variables that mirror the fundamentals behind the oil sector’s demand for 

railcars and therefore reflect changes in transportation costs faced by wheat farmers.  

The hypothesis is that prices for crude oil futures contracts are strong determinants of 

production and sales decisions in the energy sector. The rationale behind this statement is the 

following: if high futures prices reflect expectations about future profitability of the industry, 

these prices would provide a decent instrument for anticipating future changes in the energy 

sector. Expectations of future high prices would encourage investment in new production 

technologies or exploration activities, boost current crude production, and likely increase 

current oil inventories. These changes would in turn impact the demand for shipping services 

in oil producing regions, therefore, affecting competitor consumers of rail transportation 

services such as wheat farmers.  

Figure 7 shows wheat production, inventories and basis (in the right y-axis) between 

2007 and 2015. A basic visual inspection is not enough to conclude with confidence anything 

about the relationship between these two variables. Thus, to test the validity of this choice of 

proxy, I regress oil production, inventories, and oil shipments, on different sets of price 

variables and examine their explanatory power. 

In general, I find that oil production, inventories and shipments are fairly resilient to 

changes in oil prices. Suggesting that for American oil producers, there are reasons other than 

prices for keeping the pumps working at a fairly stable pace. Table 6 presents the correlations 

between Oil nearby prices, oil production, inventories and shipments, and Figure 8 shows oil 

prices, production, inventories and shipments in the US between 2010 and 2014. To aid the 

understanding about the historical relation between prices and production decisions, Figure 9 

shows the relation between prices, production and inventories between 1990 and 2015.  

Finally, to test their strength, I examine the relation between prices of oil, natural gas, coal and 

ethanol. Overall, these price variables are positively and relatively strongly correlated—

weakening the argument of over-identification. Table 7 shows the correlation between energy 
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commodity prices between 2007 and 2015, and Figure 10 shows prices in dollars per unit of 

the energy commodities used in the analysis (the unit for oil is thousand barrels, million BTUs 

for natural gas, tons for coal, and gallons for ethanol). To conclude this section, it appears that 

the assumption that prices of energy commodities are a good proxy for quantity variables is 

not innocuous.  

 

7. Policy Implications 

The results presented here are relevant for agricultural, energy, and transportation policy. In 

particular they can be used (or not) to inform parties interested in improving existing support 

programs to wheat producers, in furthering regulations over the U.S. railway oligopoly to 

target certain level of provision of rail services, and in advocating for the development of 

alternative methods for transporting oil.  

Railroads have been accused of favoring oil over wheat in new oil producing states, 

causing unprecedented delays in shipment of grain out of the Midwest region and millionaire 

losses to farmers in terms of foregone sales revenue. With this paper, I set to test this 

hypothesis. If the oil nearby futures prices are indeed a good signal for the increased demand 

for rail services, my results can offer some evidence in support of the theories that have 

received most attention from the media.  

Specifically, under the preferred specification, I find that the impact of oil nearby 

futures prices on the basis is about 5 times larger for farmers in North Dakota than for farmers 

in Texas.  A result of this magnitude could justify further research on the general equilibrium 

effects of limited rail shipping services. For example, if the competition for rail services is 

persistent and the difficulties of expanding rail networks significant, grain producers may turn 

to trucking services for distribution of their product. However, the results about the impact of 

production, inventories and year-specific idiosyncrasies also suggest that the effect of train 

delays on grain prices in the Upper Midwest is not driven entirely by the increased competition 

for rail services from the energy sector. Other factors, such as unusually large crops and 

extreme winter conditions, appear to be important determinants of the apparently 

disproportionately weak wheat basis in the Midwest. 

In any case, and despite the differences in estimate magnitudes, the principal result of 

interest remains unchanged between the two regions: whenever significant, oil future nearby 

futures prices have a negative impact on the basis. Therefore, it could be important to 

estimate the welfare effects from revenue losses by farmers and the negative externalities 

from increased truck congestion and train accidents in order to inform whether projects such 

as the proposed Keystone XL Pipeline had more economic benefits than originally proposed. 
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Although the relation explored in this paper does not allow me to calculate a back-of-

the-envelope estimation of lost revenue from train delays and backlogs, I can do something 

similar by calculating lost revenue from increases in oil prices (or even from increases in both 

oil and ethanol prices). The average U.S. wheat production between 2006 and 2014 was 

2,120’108,000 bushels; therefore, a 0.6 cents decrease in the basis roughly translates to an 

annual decrease in revenue from wheat sales at local markets of USD$12.7 million.  

Given the political interest expressed by senators in North Dakota, a similar calculation 

can be done using state-specific average wheat production in the same time period. The 

average annual increase in oil nearby futures prices between 2006 and 2014 was 13 percent 

(see Figure 9 for change in oil prices between 2006 and 2014). The estimated impacts on the 

negative basis after a 1 percent increase in the price of oil nearby futures prices corresponding 

to the preferred specification, suggest that farmers in North Dakota lost close to USD$ 60.6 

million in revenues from wheat sales at local markets, annually.12 Recall that in the North 

Dakota study by Olson (2014), the preliminary estimate of lost revenue for the 2014 crop due 

to rail service disruptions was around USD$ 171 million (estimated UDS$ 64 million of lost 

revenue between January and April, and additional projected USD$ 94 million for the 

remaining of the year). Although the quick computation made here is arrives at a much smaller 

number (60% of Olson’s estimate), it is worth noticing that Olson estimates lost revenue from 

all grain products, while I focus only on wheat. This naive comparison seems to suggest the 

results presented in this paper are consistent with other findings in the literature. 

 

8. Future Research 

A number of insights for future research became evident throughout the development of this 

paper. The first one is the apparent importance of including real variables on the RHS. A fairly 

superficial exploration of this alternative with the national data yields some interesting results 

suggesting that in future corrections of this paper, using oil shipments data instead of oil 

nearby futures prices as the main proxy for transportation costs may yield substantially 

different conclusions. 

Regarding the complicating issues inherent to the energy sector, it became evident 

from the estimation exercise that a typical approach, like the one undertaken in this paper, 

may not be the best approach for addressing the issue at hand; partly because of the 

complexity involved and partly due to endogeneity concerns particular to energy markets. In 

                                                           
12 The average annual wheat production in the states of ND between 2010 and 2014 was 303’391,800 
bushels; and the average increase in oil prices between 2010 and 2014 was 6%. The computation mas 
made by multiplying 3.33*6*303391800/100/1000000. 
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future work, it would be interesting to explore the use of optimal control algorithms (like the 

simplex method), and the use of simulation programs to generate a host of pricing patterns 

corresponding to alternative transportation systems—from which to derive a distribution of 

responses in wheat markets. 

A side objective of this research was to study the impact of new pipeline construction 

on wheat prices and to assess whether there was a differential impact within different levels of 

pipeline extension. To test these ideas I complemented the analysis using data on liquid-

material pipeline mileage from the PHMSA. Unfortunately, the time series data with pipeline 

mileage is too short to render the empirical model any confidence. However, this aspect of the 

study remains open for further investigation. An initial idea is to search in federal archives for 

maps of pipeline networks in order con construct a measure of pipeline extension and even 

perhaps a measure of “connectivity”.  

Finally, I will end by pointing to the option of exploring the use of detailed farm-data as 

that collected by the USDA Agricultural Resource Management Survey (ARMS) program could 

provide new insights about welfare effects from increased competition for rail services.  

 

9. Conclusion 

The objective of this study was to assess whether the energy boom and the subsequent 

competition for transportation in the Upper Midwest was driving a significant effect on wheat 

prices nationwide and whether said reduced railcar availability had a disproportionate effect 

on wheat prices received by farmers in North Dakota relative to farmers in Texas. The analysis 

was extended to evaluate whether the construction of new pipelines alleviates some of the 

demand pressure on rail services therefore lowering transportation costs for wheat producers 

and ameliorating the impact of increased regional oil production and shipment. A rather 

simple theoretical model of wheat prices was developed to form testable predictions regarding 

changes in transportation costs in the face of an energy boom. The model predicts that 

locations affected by the energy boom will have a disproportionately weaker (more negative) 

basis than comparable locations. For the empirical analysis, I use a host of specifications in 

two-stage least squares econometric models regressing the wheat nearby basis on oil nearby 

futures prices to measure the impact of increased transportation costs on the wheat prices. 

The reduced-form of the model includes as regressors wheat production, wheat stocks, nearby 

futures prices of oil, natural gas, coal and ethanol, total pipeline mileage and an interaction 

term between mileage and prices. 

The results from the analysis are consistent with the hypotheses that large crops, 

limited storage capacity and transportation disruptions (likely caused by increased competition 
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of rail service) are determinants of the wheat basis. In general, the results are in line with the 

theoretical predictions regarding the impact of other variables included in the study. 

Furthermore, the results indicate that oil nearby futures prices consistently have a negative 

and significant effect on wheat basis—both nationally and within regions. The effect of a 1 % 

increase per barrel of oil is at most a 0.6 cent decrease in the per bushel price at the national 

level. The same change in oil prices triggers a decrease in basis from -1.1 to -3.3 cents in North 

Dakota, and between -0.44 and -0.69 cents in Texas. Although the effects that I find are much 

lower than those in the existing literature which range from 11 to 18 cents per bushel, it is 

important to clarify that the literature generally looks at the impact of transportation costs on 

grain prices. Instead, I reflect transportation costs with oil nearby futures prices and I focus on 

one particular crop: wheat. 

Given that the average wheat basis between 2006 and 2014 has been -16.99 cents, a 

change of 0.7 in Texas and a 3.3 cents in North Dakota constitute a decrease between 3.5 and 

19 percent of the average basis level. As the results indicate, depending on the model used, 

wheat basis in North Dakota are five times as responsive as the basis in Texas to a 

proportionate change in oil prices. Although the relation explored in this paper does not allow 

me to perform a back-of-the-envelope calculation of lost revenue from train delays and 

backlogs, I can do something similar by calculating lost revenue from increases in oil prices (or 

even from increases in both oil and ethanol prices). For instance, the average U.S. wheat 

production between 2010 and 2014 was 2,113,946,000, while the increase of oil prices in the 

same time frame was 6%. Thus, a 0.7 to 3.3 cents decrease in the basis roughly translates into 

an annual decrease in revenue from sales at local markets between $88.7 and $418.6 million. 

Thus, if all U.S. wheat farmers faced the same impact that North Dakota farmers do, the 

national losses to railcar competition from the oil sector would be hundreds of millions of 

dollars.  Instead, if all wheat farmers lived a situation similar to that in Texas, the national 

losses to railcar competition from the oil sector would not even amount to one hundred 

million dollars. Although this scenario is highly unrealistic, it is nevertheless useful to compare 

the scale of the magnitude of the disproportionate impact faced by North Dakota farmers. 

The results presented here can be used as evidence to support the theories that have 

received most attention from the media covering the struggle between traditional agricultural 

sectors and a newer and increasingly powerful energy sector in the Midwest—provided that oil 

nearby prices are a good indicator of the state of the energy sector and a strong variable for 

the increased demand for rail services by the energy sector (either to use for transportation or 

storage). These findings are relevant for policymakers concerned with support programs to 

wheat producers, regulations over the provision of rail services, and the development of 
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alternative methods for transporting and storing oil. Regardless of the magnitude of the 

impacts reported here, given North Dakota’s dominant role as a national wheat producer, it is 

clear that severe impacts of transportation disruptions on wheat prices will have important 

implications for the wheat industry as a whole. Therefore reinforcing the timeliness and 

importance of research on this topic.  
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Figures (1—10) 

 

 

Figure 1. Transportation of Wheat in the US by Mode. Source: USDA. 

 

https://hip.phmsa.dot.gov/analyticsSOAP/saw.dll?Portalpages
http://www.eia.gov/petroleum/data.cfm
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Figure 2. Transportation of All Grains in the US by Mode. Source: USDA. 

 

 

Figure 3. Oil Production in the U.S. Source: EIA. 

 

 

Figure 4.Oil shipments from the Midwest to other regions by transportation mode. Source: EIA. 
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Figure 5. Oil shipments from the Gulf to other regions by mode of transportation. Source: EIA. 

 

 

Figure 6. Oil futures prices (x-axis) and Wheat basis. (y-axis) Source: CBOT and USDA. 

 

 

Figure 7. Oil prices and wheat basis (right y-axis) superposed. Sources: CBOT, NYMEX. 
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Figure 8. Oil prices, production, inventories and shipments (2010-2014). Source: NYMEX, IEA. 

 

 

Figure 9. Oil prices, productio and inventories (1990-2015). Source: NYMEX, IEA. 

 

 

Figure 10. Prices in dollars per unit of the energy commodities. Source: CBOT, NYMEX. 
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Tables (1—7) 

Table 1. Data Sources Variable Definition 

Variable Name Analysis Description Unit Source Time Freq. 

Wheat Basis National I create this 
variable by 
subtracting 
Wheat Nearby 
Price from 
Wheat Spot 

U.S. cents 
per bushel 

Created 1985-
2016 

Daily 

Wheat Spot Price National Spot Price for 
#2 Soft Red 
Wheat in 
Chicago  

U.S. cents 
per bushel 

USDA 1985-
2016 

Daily 

Wheat Nearby Price National 
and 
Regional 

First expiration 
future nearby, 
settlement 
price 

U.S. cents 
per bushel 

CBOT 1969-
2016 

Daily 

Wheat Production National Wheat 
production in 
the U.S 

Bushels NASS. 
Survey 

1990-
2014 

Annual 

Wheat Inventories National U.S. on-farm 
and off-farm 
wheat stocks 

Bushels NASS. 
Survey 

2000-
2015 

Quarterly 
(Mar, Jun, 
Sep, Dec) 

Oil Shipments National Intra-U.S. 
Movement of 
Crude Oil by 
Rail 

Thousand 
Barrels 

IEA 2010-
2015 

Montly 

Oil Invetories  U.S. Ending 
Stocks of Crude 
Oil and 
Petroleum 
Products 

Thousand 
Barrels 

IEA 1990-
2016 

Monthly 

Oil Nearby Price National 
and 
Regional 

First expiration 
nearby, 
settlement 
price for crude 
oil of density 
class: Light 
Sweet-West TX 
Intermediate-
Cushing 

U.S. 
dollars 
per barrel 

NYMEX 1985-
2016 

Daily 

Natural Gas Nearby 
Price 

National First expiration 
nearby, 
settlement 
price for 
natural gas 

U.S. 
dollars 
per 
million 
BTU 

NYMEX 1990-
2016 

Daily 

Coal Nearby Price National First expiration 
nearby, 
settlement 
price for coal 

U.S. 
dollars 
per ton 

NYMEX 2001-
2016 

Daily 

Ethanol Nearby Price National 
and 
Regional 

First expiration 
nearby, 
settlement 
price for 
ethanol 

U.S. 
dollars 
per gallon 

CBOT 2006-
2016 

Daily 



28 
 

Continuation Table 1 Data Sources Variable Definition 

Pipeline Miles National Miles of Crude 
Oil Pipeline 

Miles US DOT 
PHMSA 

2010-
2014 

Annual 

Wheat Basis(i) Regional I create this 
variable from 
Wheat_Nearby 
and 
Wheat_Spot(i), 
i=TX or ND 

U.S. cents 
per bushel 

Created 2000-
2016 

Monthly 

Wheat Spot Price(i) Regional Price received 
by farmer in 
state(i), i=TX or 
ND 

U.S. cents 
per bushel 

NASS. 
Survey 

2000-
2016 

Monthly 

Wheat Production(i) Regional Winter wheat 
and/or Spring 
wheat 
production in 
state(i), i=TX or 
ND 

Bushels NASS. 
Census 

2000-
2015 

Annual 

Wheat Inventories(i) Regional On-farm and 
off-farm wheat 
stocks in 
state(i), i=TX or 
ND 

Bushels NASS. 
Survey 

2000-
2015 

Quarterly 
(Mar, Jun, 
Sep, Dec) 

Pipeline Miles(i) Regional Miles of Crude 
Oil Pipeline in 
state(i), i=TX or 
ND 

Miles US DOT 
PHMSA 

2010-
2014 

Annual 

 

 

Table 2. Descriptive statistics  

Dataset 1 

Variable Min 1stQ Median Mean 3rdQ Max Time  N 

Wheat Basis 
(cents/bushel) -225.95 -71.46 -25.73 -41.42 -2.58 23.74 

2007-
2015 2151 

Wheat 
Production 
(daily average 
bushels) 5460578 5619419 5849258 5903618 6051830 6881907 

2007-
2015 2151 

Wheat 
Inventories 
(daily average 
bushels) 2850511 3482259 3895615 3713369 3923464 4599012 

2007-
2015 2151 

Oil Nearby 
($/barrel) 34.73 75.58 91.3 87.65 101.58 159.94 

2007-
2015 2151 

Nat. Gas Nearby 
($MBTU) 1.76 3.58 4.28 5.031 5.485 14.95 

2007-
2015 2151 

Coal Nearby  
($/ton) 40.73 51.91 58.92 63.74 69.81 157.7 

2007-
2015 2151 

Ethanol Nearby 
($/gallon) 1.33 1.79 2.2 2.176 2.5 3.52 

2007-
2015 2151 

Dataset 2 

Variable Min 1stQ Median Mean 3rdQ Max Time  N 

Wheat Basis 
(cents/bushel) -87.5 -29.75 -10.32 -16.99 0 23.74 

2010-
2014 1195 
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Continuation Table 2 Descriptive Statistics 

Wheat 
Production 
(daily average 
bushels) 5460578 5551534 5849258 5791633 5926090 6170704 

2010-

2014 

1195 

Wheat 
Inventories 
(daily average 
bushels) 3482259 3628224 3923050 3961781 4176361 4599012 

2010-

2014 

1195 

Oil Nearby 
($/barrel) 

53.33 89.55 95.74 95.23 102.4 120.05 

2010-

2014 
1195 

Nat. Gas Nearby 
($MBTU) 

1.97 3.58 4.03 3.99 4.49 6.53 

2010-

2014 
1195 

Coal Nearby  
($/ton) 

47.06 57.35 60.65 63.88 70.16 87.93 

2010-

2014 
1195 

Ethanol Nearby 
($/gallon) 

1.5 1.99 2.3 2.291 2.55 3.52 

2010-

2014 
1195 

Pipeline Miles 
54631 56100 57463 59188 61087 66658 

2010-

2014 
1195 

Interaction 
(Miles x Oil 
Nearby) 3554871 5067882 5750250 5638990 6175947 7158403 

2010-

2014 
1195 

 

 

Table 3. Results for the Wheat Basis Equation 

  

1 2 3 4 5 (preferred) 

Estimate Estimate Estimate Estimate Estimate 

Dependent Variable: US_ Wheat_Basis 

(Intercept) 
26.38   -4658 ** 481.86 * 850.8 *** 365.06 . 

1073   1637.4   195.23   137.4   194.62   

US_ Wheat_Production 
96.4 *** 159.93 *** -108.9 *** -119.5 *** -98.687 *** 

16.4   24.23   8.9507   7.438   9.0426   

US_Wheat_Inventories 
-153.1 *** 2.3911   102.85 *** 85.20 *** 103.60 *** 

31.7   52.30   6.0752   4.525   6.0272   

Oil_Nearby_lag_12m 
-0.477   -4.35   -1.89   -6.26 * -0.5497   

3.695   3.85   3.28   2.946   3.2647   

NatGas_Nearby_lag_12m 
2.443   -2.16   -13.57 *** -20.52 *** -10.69 *** 

2.887   3.17   2.48   2.074   2.513   

Coal_Nearby_lag_12m 26.301 *** 
15.140

1 ** 

-
32.961

1 *** 

-
21.69

3 *** 

-
39.899

3 *** 

4.862   5.7916   3.7308   2.858   3.8769   

Ethanol_Nearby_lag_12m 
-8.101 . -4.08   58.48 *** 57.9 *** 56.06 *** 

4.551   4.68   3.15   2.951   3.1585   

Oil_Nearby_lag_6m 
-29.2 *** -30.03 *** -6.56 . 6.889 * -7.60 * 

4.528   4.46   3.56   3.326   3.54   

NatGas_Nearby_lag_6m 
4.575   5.02 . 0.86   22.4 *** 0.15   

2.81   2.74   3.14   4.5   3.12   
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Continuation Table 3 Results for the Wheat Basis Equation 

Coal_Nearby_lag_6m 
18.286 ** 15.296 * 5.5693     6.04   

6.05   5.9692   4.7945     4.76   

Ethanol_Nearby_lag_6m 13.171 ** 
12.318

4 ** 
44.627

6 ***   45.09 *** 

4.704   4.6733   3.4981     3.47   

Oil_Nearby_lag_4m 
-17.79 *** -18.03 *** 15.29 *** 13.37 *** 7.84 * 

4.566   4.53   3.17   2.897   3.38   

NatGas_Nearby_lag_4m 
-2.3   -0.34   -6.46 * -102.3 *** -5.25   

3.382   3.32   3.24   4.343   3.21   

Coal_Nearby_lag_4m 
-20.56 ** -25.81 *** -86.65 ***   -86.02 *** 

6.33   6.48   4.88     4.84   

Ethanol_Nearby_lag_4m 
25.896 *** 24.628 *** -21.89 ***   -28.22 *** 

4.984   4.904   4.15     4.25   

Miles of Pipeline 
83.84 * 207.93 ***       

41.08   52.85         

Interaction 
Miles x 
Oil_Nearby_lag_12m 

-3.592           

4.168           

D2011 
  23.413 *** 46.848 *** 46.04 *** 52.605 *** 

  6.81   2.39    1.487   2.55   

X2015 
        -11.66 *** 

        1.94   

Fixed Effects NO NO NO NO NO 

N 1195 1195 2151 2151 2151 

K 16 16 15 11 16 

R-sq 0.6935 0.6964 0.8878 0.8779 0.889 

F-statistic 166.6 168.8 1126 1398 1075 

Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Standard errors below estimate coefficients 

 

Table 4. Results for North Dakota Wheat Basis 

  1 2 (preferred) 3 

  Estimate Estimate Estimate 

Dependent variable: ND_Wheat_Basis 

(Intercept) 
-11070.1 *** -11039.2 *** 130.5   

739.12   685.05   492.01   

ND_Wheat_Production 
-45.83 . -28.11   -569.95 *** 

26.19   27.01   32.2   

ND_Wheat_Inventories 
641.1 *** 632.92 *** 328.42 *** 

66.07   64.78   33.64   

Oil_Nearby_lag_12m 
-243.61 *** -333.11 *** -111.72 *** 

26.03   43.1       

NatGas_Nearby_lag_12m 
83.64 *** 78.17 *** -320.26 *** 

14.46   14.53   19.71   
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Continuation Table 4 Results for North Dakota Wheat Basis 

Coal_Nearby_lag_12m 
-172.09 *** -165.51 *** 611.6 *** 

23.24   23.34   28.7   

Ethanol_Nearby_lag_12m 
-41.98 . -19.02   310.69 *** 

22.78   24.69   28.2   

Oil_Nearby_lag_6m 
282.34 *** 237.39 *** 164.16 *** 

24.02   29.47   23.39   

Oil__Nearby_lag_4m 
252.64 *** 236.99 *** 34.51   

19.57   20.4   29.7   

ND Miles of Pipeline 
178.28 *** 202.46 ***     

45.76   35.23       

Interaction  
ND_Miles x Oil_Nearby_lag_12m 

27.7           

27.91           

D2011 
    634.4 * -493.9 *** 

    246.62   21.49   

Fixed Effects NO NO NO 

N 1245 1245 1743 

K 10 10 9 

R-sq 0.5892 0.5911 0.4741 

F-statistic 177 178.4 173.6 

Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Standard errors below coefficient estimates 

 

 

  Table 5. Results for Texas Wheat Basis 

  
  

1 2 3 4 (preferred) 

Estimate Estimate Estimate Estimate 

Dependent Variable: TX_ Wheat_Basis 

(Intercept) 
90335.99 ** 1098269 *** 1759.2 *** 1606.811 *** 

32278.73   244775   153.96   151.206   

TX_ Wheat_Production 
-452.74 *** -30.53   -96.218 *** -120.729 *** 

134.26   268.87   6.521   6.149   

TX_ Wheat_Inventories 
-1936.92 ** -28304.6 *** -114.59 *** -84.472 *** 

697.59   6516.18   12.851   10.774   

Oil_Nearby_lag_12m 
46.25 * -43.99 . -69.143 *** -69.085 *** 

22.22   24.47   10.479   10.366   

NatGas_Nearby_lag_12m 
66.58 *** 59.93 *** 19.535 * -2.975   

10.47   11.06   8.829   6.443   

Coal_Nearby_lag_12m 
-50.36 * -17.32   92.014 *** 146.845 *** 

19.97   20.68   12.883   14.555   

Ethanol_Nearby_lag_12m 
164.63 *** 158.36 *** 79.584 *** 68.171 *** 

17.91   18.81   11.376   11.204   

Oil_Nearby_lag_6m 
-44.16 * -117.07 *** 108.39 *** 114.491 *** 

20.35   22.42   10.026   9.967   
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Continuation Table 5 Results for Texas Wheat Basis 

Oil__Nearby_lag_4m 
-195.38 *** -173.97 *** 33.755 ** 16.359   

17.35   18   11.628   11.76   

TX Miles of Pipeline 
-6706.23 ** -79053.4 *** 

    2312.64   17651.3   

Interaction  
TX_Miles x 
Oil_Nearby_lag_12m 

231.9 *** 

      20.69   

D2009 
      

-58.784 *** 

8.827   

D2011 
  

-4323.59 *** -14.344   

  1164.24   8.883   

Fixed Effects NO NO NO NO 

N 1245 1245 1992 1992 

K 10 10 9 9 

R-sq 0.4551 0.4052 0.3361 0.3498 

F-statistic 102.7 84.08 111.5 118.5 

Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Standard errors below coefficient estimates 

 

 

Table 6. Correlation between prices and oil production, inventories and shipments 

  US Oil Nearby US Oil Production US Oil Inventories US Oil Shipments 

US Oil Nearby 1 -0.03752748 -0.50962 -0.0518468 

US Oil Production -0.03753 1 0.848056 0.9834421 

US Oil Inventories -0.50962 0.84805603 1 0.8559655 

US Oil Shipments -0.05185 0.98344215 0.8559655 1 

 

 

Table 7. Correlation between Prices of Energy Commodities (20007-2014) 

  Oil Nearby Nat. Gas Nearby Coal Nearby Ethanol Nearby 

Oil Nearby 1.000 0.208 0.811 0.738 

Nat. Gas Nearby 0.208 1.000 0.489 0.471 

Coal Nearby 0.811 0.489 1.000 0.827 

Ethanol Nearby 0.738 0.471 0.827 1.000 

 

 
 


