
1

Research on World Agricultural Economy | Volume 04 | Issue 02 | June 2023

Research on World Agricultural Economy
https://journals.nasspublishing.com/index.php/rwae

Copyright © 2023 by the author(s). Published by NanYang Academy of Sciences Pte. Ltd. This is an open access article under the Creative 
Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License. (https://creativecommons.org/licenses/by-nc/4.0/).

1. Introduction
During much of 2005-2010, the U.S. wheat, corn and 

soybeans futures markets experienced non-convergence. 
Non-convergence occurs when futures contracts are set-
tled much higher or lower than the corresponding mar-
ket’s cash price. Futures contracts nearing expiration are 
expected to be close to or equal to the cash price at deliv-
ery locations, as arbitrage is expected to cause the law of 
one price to hold [1]. As Garcia, Irwin, and Smith [2] argue, 
this divergence was created by a divergence in the price of 
deliverable warehouse receipts and the price of grain.

In a non-converging market, the hedger is still protect-
ed from price risk as long as the futures and cash prices 
move in the same direction. Cash market gains and loss-
es can still be offset by futures market gains and losses. 
In this case, cash and futures prices do not converge to 
each other, but they converge on a predictable basis. On 
the other hand, if the basis at expiration exhibits random 
fluctuations, then a hedger is not insulated from price risk. 
The volume of futures trading remained high during the 
non-convergence periods, which suggests that hedgers 
may have been able to adapt.

Whether firms hedge or not, they typically base their 

DOI: http://dx.doi.org/10.36956/rwae.v4i2.826

Received: 14 March 2023; Received in revised form: 14 April 2023; Accepted: 20 April 2023; Published: 25 April 2023

Citation: Hayhurst, E., Brorsen, B.W., 2023. Resilience of Grain Storage Markets to Upheaval in Futures Markets. 
Research on World Agricultural Economy. 4(2), 826. http://dx.doi.org/10.36956/rwae.v4i2.826

*Corresponding Author:
B.Wade Brorsen,
Department of Agricultural Economics, Oklahoma State University, Stillwater, OK, 74078, USA;
Email: wade.brorsen@okstate.edu

RESEARCH ARTICLE
Resilience of Grain Storage Markets to Upheaval in Futures Markets

Emma Hayhurst1,2   B.Wade Brorsen2*

1. Consolidated Grain and Barge Co., Catoosa, OK, 74015, USA 
2. Department of Agricultural Economics, Oklahoma State University, Stillwater, OK, 74078, USA

Abstract: The past two decades have had times when grain cash and futures markets did not converge during delivery. 
What was the economic impact of this non-convergence on storage markets? To answer this question the supply of 
storage is estimated for corn, soybeans, and wheat. The lack of convergence is measured using a historical basis. The 
econometric model shows no relationship between the supply of storage and the lack of convergence. Thus, empirical 
results suggest that markets were able to adapt to the lack of convergence. Overall, the research indicates the resilience 
of storage markets to structural change.

Keywords: Basis; Convergence; Hedging; Storage

http://dx.doi.org/10.36956/rwae.v4i2.826
http://dx.doi.org/10.36956/rwae.v4i2.826
mailto:wade.brorsen@okstate.edu
https://orcid.org/0000-0001-7109-7717


2

Research on World Agricultural Economy | Volume 04 | Issue 02 | June 2023

price expectations upon the futures market. The particular 
concern is that the non-convergence could have caused 
the returns to storage to be overestimated. To address 
this concern, the primary objective of this research is to 
determine the effect of lack of convergence on the supply 
of storage. Note that mispricing in one market has the 
potential to spread to other markets [3,4], so the issue is of 
concern to world grain markets.

2. Theory of Storage

The theory of storage [5-8], defines the equilibrium rela-
tionship between cash and futures prices. This relationship 
can be stated in terms of the basis, the difference between 
the contemporaneous spot price in period t, St, and the 
futures price (as of date t) for delivery at date T, Ft,T. The 
theory is that the (negative of the) basis is composed of 
the cost-of-carry: Interest foregone to borrow to buy the 
commodity, St rt, (where rt is the interest charge on a dollar 
from t to T), plus the physical storage costs w(T – t), mi-
nus a convenience yield, ct, which is an implied return on 
inventories:
, −  =  + ( − ) −   (1)

The futures price minus the spot price equals the basis. 
The basis is equal to St rt, the opportunity cost, plus the 
marginal storage cost (w(T – t) where w is the daily phys-
ical cost of storage), minus the convenience yield. Under 
the theory of storage, inventories are held only if expected 
returns are positive. A lack of convergence (with futures 
higher than cash) would distort this formula and project 
returns to be higher than actual. Therefore, a shift in the 
demand for storage could occur and more grain would 
be stored. The expected profit maximization for a storage 
provider, assuming that the producer is hedging, can be 
expressed as:

max


  =  +ℎ −  −  +ℎ −   − ()

 ≤ 
 (2)

where E(π) is the expected profit, Q is the quantity stored, 
Ft+h is the distant futures price, Ft is the nearby futures 
price, St is the cash price, St+1 is the distant cash price and 
C(Q) is a cost function that includes storage fees, insur-
ance, pest management and other costs associated with 
the storing of the grain. The amount of grain that can 
be stored is constrained by the capacity, where capacity 
equals the amount of storage available, for example grain 
elevators. Brennan [7] lets the amount of a commodity held 
in storage be determined by the equality of marginal cost 
of storage and the temporal price spread. In a competitive 
market a firm seeking to maximize net revenue will hold 
the amount of stocks such that the net marginal cost of 

storage per unit equals the expected change in price per 
unit of time.

Van Huellen [9] explains the non-convergence augments 
using the commodity storage model and a price-pressure 
component:
 +ℎ = ,+ℎ +  + (+ℎ) (3)
where E(St+h) is the expected future cash price, Ft,t+h is the 
futures price at time t and contract maturity of t+h, ρt is 
a risk premium, and E(Basist+h) is the expected basis at 
time t+h. Non-convergence makes it difficult for firms to 
forecast basis. If they are unable to predict the non-con-
vergence then their expected returns to storage will be 
inaccurate and there will be a loss of social welfare [10,11]. 
Hatchett and Brorsen [12] as well as Thompson et al. [13] 
suggest using only the most recent information to forecast 
basis during times of structural change, but even that is 
only partly successful.

The Chicago Board of Trade (CBOT) and Kansas City 
Board of Trade (KCBOT) made changes to grain futures 
contract specifications to combat the 2005-2010 non-con-
vergence problems. Changes included limiting the number 
of warehouse receipts and shipping certificates that a trad-
er could hold, expanding delivery locations, and variable 
storage rates [20]. Irwin [20] argues that the most fundamen-
tal change was the implementation of a variable storage 
rate (VSR) rule for CBOT wheat beginning in September 
2010. The Chicago Mercantile Exchange (CME) did not 
introduce VSR to corn and soybeans markets but chose to 
increase their fixed storage fees in 2008 and later in 2020 [15].  
The objective of implementing VSR was to improve con-
vergence, and that is ultimately what it did. While index 
funds are often blamed for distorting markets, there is lit-
tle empirical evidence that they do so [16-18].

3. Data and Methods

Data used for this research came from multiple sourc-
es. Futures prices for corn and soybeans were compiled 
by the Livestock Marketing Information Center (LMIC) 
and stem from reported prices of CBOT/CME Group 
futures contract settlement prices. The Kansas City hard 
red winter wheat contract was used for wheat and these 
prices come from Barchart. Cash prices for all three com-
modities were compiled by LMIC based on USDA reports 
with both #2 Yellow Corn and #1 wheat using Kansas 
City prices and #1 Yellow Soybeans using Central Illinois 
prices. The ending stocks for each commodity come from 
the World Agricultural Supply and Demand Estimates 
(WASDE) report. The annual ending stock quantities used 
for wheat are on May 1st, and corn and soybeans are on 
July 1st. The annual interest rate used is the market yield 
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on U.S. Treasury securities at 10-year constant maturity, 
which comes from the Federal Reserve Economic Data 
(FRED). Non-convergence was measured using the basis 
of the 4 weeks prior to each contract’s expiration date, 
which is the 15th of that month. 

The equation estimated for the supply of storage is:

 = 0 + 1 + 2

+ 3 + 
 (4) 

where ESt is the quantity of ending stocks of the commod-
ity at time t, OppCostt is the cash price of the commodity 
multiplied by the annual interest rate at time t, which 
measures the opportunity cost of storing, Returnst is the 
expected returns on storage of the commodity using the 
futures price, at time t, NonConvergence is a measure 
of the basis, and ϵt is the random error term such that 
 ~  0, 2 . Note that the relationship to returns is some-
times considered nonlinear [19]. The linear approximation 
is used here due to the relatively small degrees of free-
dom.

4. Results and Discussions

Table 1 presents the estimates of Equation (4), the sup-
ply of storage equation using opportunity cost, the returns 
from storage and measurement of non-convergence. When 
trying to connect non-convergence to the amount of grain 

stored, Table 1 indicates that the measure of convergence 
is not statistically significant for any of the three com-
modities. Note that this finding is consistent with Revore-
do-Giha and Zuppiroli [20] who found no change in hedg-
ing effectiveness in U.S. wheat markets over 2007-2012. 
Similarly, Karali et al. [21] found that non-convergence did 
not affect the economic relationship between soft red win-
ter wheat delivery and non-delivery locations. Shi and In-
sengildina-Massa [22], however, found that hedging failure 
was more common in corn markets during 2007-2013.

The expected sign for the convergence variable is nega-
tive, so it would counter the naive expectation of higher 
returns on storage than actual returns. So, corn does not 
have the expected sign for the convergence variable. The 
other explanatory variables have the expected signs and 
are statistically significant.

5. Conclusions

The empirical results suggest that grain storage mar-
kets adapted to the lack of convergence between cash and 
futures prices. This research found a negative relationship 
between opportunity cost and ending stocks, as well as a 
positive relationship between returns to storage and end-
ing stocks. Thus, firms appear to have formed price ex-
pectations based on the predicted change in futures prices 
rather than by assuming that basis would converge. 

Table 1. Estimates of the effect of non-convergence on the supply of storage.

Commodity Variable Coefficient t-val p-value

KCHRW Intercept 518 *** 7.85 0.001

Opportunity cost ($/bu) –1463 *** –4.26 0.001

Return on storagea ($/bu) 295 ** 2.79 0.012

Basisb ($/bu) –35 –0.93 0.368

Corn Intercept 1669 *** 4.82 0.000

Opportunity cost ($/bu) –7754 *** –3.39 0.004

Return on storagea ($/bu) 2978 *** 3.62 0.002

Basisb ($/bu) 37 0.46 0.649

Soybeans Intercept 738 *** 6.23 <0.0001

Oppportunity cost ($/bu) –1924 *** –4.18 0.001

Return on storagea ($/bu) 1425 ** 3.50 0.003

Basisb ($/bu) –286 –1.49 0.156

*p<0.1, ** p<0.05, ***p<0.01.
Notes: The time period was 2000-2021, which gave 21 observations. The dependent variable is ending stocks (May for wheat and 
July for corn and soybeans).
aReturn on storage is the calendar spread (for example, KC HRW March 2018 Futures Contract Price minus KC HRW May 2017 Fu-
tures Contract Price).
bBasis is the average of the four weeks prior to the contract’s expiration date.



4

Research on World Agricultural Economy | Volume 04 | Issue 02 | June 2023

Author Contributions

The manuscript is based on the MS thesis by Emma 
Hayhurst, which was submitted in May 2022 with the 
same title. She conducted all statistical analysis, wrote the 
original draft, and substantial revisions. Dr. Wade Brorsen 
provided advice and editorial suggestions.

Funding

Funding was provided by the Oklahoma Agricultural 
Experiment Station and National Institute of Food and 
Agriculture Hatch Project OKL03170 as well as the A.J. 
and Susan Jacques chair. 

Data Availability

The data are available upon request from the corre-
sponding author.

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Adjemian, M.K., Garcia, P., Irwin, S., et al., 2013. 
Non-convergence in Domestic Commodity Futures 
Markets: Causes, Consequences, and Remedies 
[Internet]. United States Department of Agriculture. 
Available from: https://www.ers.usda.gov/webdocs/
publications/43777/39376_eib115.pdf?v=41492

[2] Garcia, P., Irwin, S.H., Smith, A., 2015. Futures mar-
ket failure? American Journal of Agricultural Eco-
nomics. 97(1), 40-64. 

 DOI: https://doi.org/10.1093/ajae/aau067 
[3] Capitanio, F., Rivieccio, G., Adinolfi, F., 2020. 

Food price volatility and asymmetries in rural areas 
of South Mediterranean countries: A copula-based 
GARCH model. International Journal of Environ-
mental Research and Public Health. 17(16), 5855. 

 DOI: https://doi.org/10.3390/ijerph17165855 
[4] Goswami, A., Karali, B., 2022. The impact of funda-

mentals on volatility measures of agricultural substi-
tutes. Journal of Agricultural and Applied Econom-
ics. 54(4), 723-768. 

 DOI: https://doi.org/10.1017/aae.2022.37
[5] Kaldor, N., 1939. Speculation and economic stability. 

The Review of Economic Studies. 7(1), 1-27.
[6] Working, H., 1949. The theory of price of storage. 

American Economic Review. 39(6), 1254-1262. 
[7] Brennan, M., 1958. The supply of storage. American 

Economic Review. 48, 50-72.

[8] Cafiero, C., Bobenrieth, E.S.A., Bobenreith, J.R.A., 
et al., 2011. The empirical relevance of the competi-
tive storage model. Journal of Econometrics. 162(1), 
44-54. 

 DOI: https://doi.org/10.1016/j.jeconom.2009.10.008
[9] Van Huellen, S., 2018. How financial investment dis-

torts food prices: Evidence from U.S. grain markets. 
Agricultural Economics. 49(2), 171-181. 

 DOI: https://doi.org/10.1111/agec.12406
[10] Garcia-Verdugo, J., Consuegra, M., 2013. Estimating 

functional efficiency in energy futures markets. Eco-
nomics and Business Letters. 2(3), 105-115.

[11] Penone, C., Giampietri, E., Trestini, S., 2022. Fu-
tures-spot price transmission in EU corn markets. 
Agribusiness. 38(3), 679-709. 

 DOI: https://doi.org/10.1002/agr.21735
[12] Hatchett, R.B., Brorsen, B.W., Anderson, K.B., 2010. 

Optimal length of moving average to forecast futures 
basis. Journal of Agricultural and Resource Econom-
ics. 35(1), 18-33. 

[13] Thompson, N.M., Edwards, A.J., Mintert, J.R., et al., 
2019. Practical alternatives for forecasting corn and 
soybean basis in the Eastern Corn Belt throughout 
the crop marketing year. Journal of Agricultural and 
Resource Economics. 44(3), 571-590. 

[14] Irwin, S.H., 2020. Trilogy for troubleshooting con-
vergence: Manipulation, structural imbalance, and 
storage rates. Journal of Commodity Markets. 17, 
100083. 

 DOI: https://doi.org/10.1016/j.jcomm.2018.11.002
[15] Goswami, A., Adjemian, M.K., Karali, B., 2022. 

The impact of futures contract storage rate policy on 
convergence expectations in domestic commodity 
markets. Food Policy. 111, 102301. 

 DOI: https://doi.org/10.1016/j.foodpol.2022.102301
[16] Irwin, S.H., Sanders, D.R., 2011. Index funds, finan-

cialization, and commodity futures markets. Applied 
Economic Perspectives and Policy. 33(1), 1-31. 

 DOI: https://doi.org/10.1093/aepp/ppq032
[17] Hayhurst, E., 2020. Resilience of grain storage 

markets to upheaval in futures markets [Mas-
ter’s thesis]. Stillwater: Oklahoma State Univer-
sity. Available from: https://www.proquest.com/
docview/2758654119?pq-origsite=gscholar&fro-
mopenview=true

[18] Li, J., Irwin, S.H., Etienne, X., 2022. Do extreme 
CIT position changes move prices in grain futures 
markets? Journal of Agricultural and Applied Eco-
nomics. 54(4), 792-814. 

 DOI: https://doi.org/10.1017/aae.2022.40

https://www.ers.usda.gov/webdocs/publications/43777/39376_eib115.pdf?v=41492
https://www.ers.usda.gov/webdocs/publications/43777/39376_eib115.pdf?v=41492
https://doi.org/10.1111/agec.12406
https://doi.org/10.1016/j.jcomm.2018.11.002
https://doi.org/10.1016/j.foodpol.2022.102301
https://doi.org/10.1093/aepp/ppq032
https://www.proquest.com/docview/2758654119?pq-origsite=gscholar&fromopenview=true
https://www.proquest.com/docview/2758654119?pq-origsite=gscholar&fromopenview=true
https://www.proquest.com/docview/2758654119?pq-origsite=gscholar&fromopenview=true


5

Research on World Agricultural Economy | Volume 04 | Issue 02 | June 2023

[19] Williams, J.C., Wright, B.D., 1991. Storage and com-
modity markets. Cambridge University Press: Cam-
bridge.

[20] Revoredo-Giha, C., Zuppiroli, M., 2014. Exploring 
the hedging effectiveness of European wheat futures 
markets during the 2007-2012 period. Procedia Eco-
nomics and Finance. 14, 90-99. 

 DOI: https://doi.org/10.1016/S2212-5671(14)00690-X

[21] Karali, B., McNew, K., Thurman, W.N., 2018. Price 
discovery and the basis effects of failures to converge 
in soft red winter wheat futures markets. Journal of 
Agricultural and Resource Economics. 43(1), 1-17. 

[22] Shi, R., Isengildina Massa, O., 2022. Costs of futures 
hedging in corn and soybean markets. Journal of Ag-
ricultural and Resource Economics. 47(2), 390-409. 

 DOI: https://doi.org/10.22004/ag.econ.313311

https://doi.org/10.1016/S2212-5671(14)00690-X

