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In the farmdoc daily article of April 6, 2016 we offered a new specification for the relationship between the 
marketing year ending stocks-to-use ratio and the marketing year average farm price for corn and 
soybeans.  We used the models in a farmdoc daily article of April 13, 2016 to make price forecasts for the 
2016-17 marketing year based on alternative corn and soybean balance sheet projections.  We also used 
the models in a farmdoc daily article of April 22, 2016 to make projections of “new era” average prices and 
found that these were very consistent with earlier projections based on a simpler methodology.  Because 
the new stocks and price models are based on a stronger economic foundation, we were more confident in 
these results.  One issue we have not investigated is the sensitivity of the new models and forecasting 
results to alternative functional forms.  Since the relationship between price and the stocks-to-use ratio is 
presumed to be inherently non-linear, it is important to determine the degree of sensitivity to alternative 
ways of modeling this non-linearity.  In this article, we first review our benchmark reciprocal regression 
models for corn and soybeans and then estimate linear-logarithmic and logarithmic-logarithmic 
(“double-log”) specifications for comparison.  Finally, we compare 2016-17 price forecasts and new era 
average price projections for the three alternative specifications to quantify the degree of sensitivity.  

Review of New Ending Stocks and Price Models 

The marketing year ending-stocks-to use ratio is a widely used indicator of the supply and demand 
"tightness" of corn and soybean market conditions and is very commonly used to project prices.  Tomek and 
Kaiser (2014, p. 378) classify price and ending stocks-to-use regression models as “price determination 
equations” rather than formal structural models of supply and demand.  They point out the complexity of 
realistic structural models that have separate equations for supply and the various demand categories.  As 
a result, analysts often turn to, “…graphs, tables, and simple regression models of price determination to 
summarize information.”  They also helpfully observe that, “The research objective may be to provide a 
forecasting tool, but more generally, the analysis helps the researcher depict current economic conditions 
relative to the historical evidence.”  The bottom-line is that these types of models, while useful in 
forecasting, cannot be directly derived (at least easily) from underlying structural and mathematical models 
of supply and demand.   

In a recent article (farmdoc daily, April 6, 2016), we estimated a base reciprocal regression model of the U.S 
farm price of corn and soybeans and the ending stocks-to-use ratio for the period 1990-91 through 

http://farmdocdaily.illinois.edu/citationguide.html
http://www.cio.illinois.edu/policies/copyright/
http://www.farmdoc.illinois.edu/irwin/
http://farmdoc.illinois.edu/good/
http://farmdocdaily.illinois.edu/2016/04/sensitivity-analysis-of-new-corn-soybean-pricing-models.html
http://farmdocdaily.illinois.edu/2016/04/sensitivity-analysis-of-new-corn-soybean-pricing-models.html
http://farmdocdaily.illinois.edu/2016/04/sensitivity-analysis-of-new-corn-soybean-pricing-models.html
http://farmdocdaily.illinois.edu/2016/04/relationship-between-stock-to-use-and-prices.html
http://farmdocdaily.illinois.edu/2016/04/forming-corn-soybean-price-expectations-2016-17.html
http://farmdocdaily.illinois.edu/2016/04/new-era-of-corn-and-soybean-prices.html
http://farmdocdaily.illinois.edu/2016/04/relationship-between-stock-to-use-and-prices.html


2 farmdoc daily   April 29, 2016 

2005-2006, skipped 2006-07 as a transition year, and then estimated relationships after 2005-06 that are 
exactly parallel to the base period model.  We selected the reciprocal functional form because it is simple 
and imposes the presumed non-linear relationship between price and the stocks-to-use ratio.  As Tomek 
and Kaiser (2014, p. 379) note, “This accommodates the idea that, as current stocks approach zero (but 
cannot be less than zero), price must necessarily rise sharply to ration these stocks among competing 
demands.”  In our new model, we assumed the slope is unchanged between the base period and 
relationships after 2005-06, but the intercept varies in the latter period to reflect demand shifts that occurred 
after 2005-06.  We further grouped the years after 2005-06 into four demand scenarios for corn (weak, 
moderate 1, moderate 2, and strong) and three demand scenarios for soybeans (weak, moderate, and 
strong).   

The estimated pricing model of the relationship between the average marketing year price of corn and the 
ending stock-to-use ratio over 1990-91 through 2015-16 is presented in Figure 1.  We used a reciprocal 
regression specification as follows: 

Corn Price = a + b (1/Corn Stocks-to-Use Ratio) + c DW + d DM1 +e DM2 + f DS, 

where DW is a dummy variable that takes on a value of 1 during weak demand years after 2005-06 and 0 
otherwise, DM1 is a dummy variable that takes on a value of 1 during moderate demand 1 years after 
2005-06 and 0 otherwise, DM2 is a dummy variable that takes on a value of 1 during moderate demand 2 
years after 2005-06 and 0 otherwise, and DS is a dummy variable that takes on a value of 1 during strong 
demand years after 2005-06 and 0 otherwise.  The intercept coefficient, a, in this reciprocal specification 
has the interesting interpretation as the estimated minimum price for the period under consideration.  The 
coefficients on the dummy variables (c, d, e, and f) simply shift this estimated minimum price up or down by 
the magnitude of the dummy coefficient (in $ per bushel).  The “slope” coefficient, b, does not have the 
usual interpretation of the change in price for a one-unit increase in the stocks-to-use ratio because of the 
reciprocal specification.  Instead, at any given stocks-to-use ratio, the change in price for a one-unit 
increase in the stocks-to-use ratio is –b/(stocks-to-use ratio)2.  The complete estimation results for the 
reciprocal model specification for corn can be found in Appendix Table 1.  The reader is referred to our 
earlier article (farmdoc daily, April 6, 2016) for a more detailed discussion of the new model.    

 

The estimated pricing model of the relationship between the average marketing year price of soybean and 
the ending stock-to-use ratio over 1990-91 through 2015-16 is presented in Figure 2.  We again used a 
reciprocal regression specification: 
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Soybean Price = a + b (1/Soybean Stocks-to-Use Ratio) + c DA + d DW + e DM + f DS 

where DA is a dummy variable that takes on a value of 1 during the Asian financial crisis years of 1999-00 
through 2001-02 and 0 otherwise, DW is a dummy variable that takes on a value of 1 during weak demand 
years after 2005-06 and 0 otherwise, DM is a dummy variable that takes on a value of 1 during moderate 
demand years after 2005-06 and 0 otherwise, and DS is a dummy variable that takes on a value of 1 during 
strong demand years after 2005-06 and 0 otherwise.  The complete estimation results for the soybean 
reciprocal model specification can be found in Appendix Table 2.  The interpretation of the estimated model 
coefficients is the same as discussed above for corn. 

 

Sensitivity Analysis  

Tomek and Kaiser (2014, p. 379) note that a variety of non-linear functional forms can be used in ending 
stocks models.  We consider two in order to assess the sensitivity of our modeling results to this choice: the 
linear-logarithmic (lin-log) specification and the logarithmic-logarithmic (log-log) specification.  The lin-log 
models for corn and soybeans are shown below: 

Corn Price = a + b ln(Corn Stocks-to-Use Ratio) + c DW + d DM1 +e DM2 + f DS, and, 

Soybean Price = a + b ln(Soybean Stocks-to-Use Ratio) + c DA + d DW + e DM + f DS. 

Not that “ln” indicates the natural logarithm of the stocks-to-use ratio.  In this case, the intercept coefficient, 
a, is interpreted as the expected price when the stocks-to-use ratio takes on a value of 1. The coefficients 
on the dummy variables (c, d, e, and f) simply shift this expected price up or down by the magnitude of the 
dummy coefficient (in $ per bushel).  The “slope” coefficient, b, once again does not have the usual 
interpretation of the change in price for a one-unit increase in the stocks-to-use ratio because of the 
logarithmic transformation of the stocks-to-use ratio.  Instead, at any given stocks-to-use ratio, the change 
in price (in $ per bushel) for a one-percentage point increase in the stocks-to-use ratio is b/(stocks-to-use 
ratio).   

The estimated lin-log pricing models for corn and soybeans over 1990-91 through 2015-16 are presented in 
Figures 3 and 4, respectively, along with the reciprocal model regressions.  Visual inspection of the charts 
reveals very little difference in the estimation results for the lin-log models in comparison to the reciprocal 
models.  In fact, over a wide range of stocks-to-use ratios there is virtually no difference. Differences only 
emerge at extremely small or large stocks-to-use ratios, and even these differences are relatively small.  
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Complete estimation results for the lin-log model specification for corn and soybeans can be found in 
Appendix Tables 3 and 4, respectively. 

 

 

The log-log models for corn and soybeans are shown below: 

ln(Corn Price) = a + b ln(Corn Stocks-to-Use Ratio) + c DW + d DM1 +e DM2 + f DS, 

and, 
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ln(Soybean Price) = a + b ln(Soybean Stocks-to-Use Ratio) + c DA + d DW + e DM + f DS. 

The only change from the lin-log model is that the natural logarithm is applied to both price and the 
stocks-to-use ratio.  This seemingly small change, however, has a significant change on the interpretation 
of the regression model coefficients.  In this case, the intercept coefficient, a, is interpreted as the expected 
natural logarithm of price when the stocks-to-use ratio takes on a value of 1.  Hence, the intercept has to be 
exponentiated in order to obtain the expected price when the stocks-to-use ratio is 1.  The coefficients on 
the dummy variables (c, d, e, and f) shift the expected natural logarithm of price up or down by the 
magnitude of the dummy coefficient.  This has the practical effect of imposing equal percentage shifts in the 
regression relationship rather than equal dollar shifts as with the reciprocal and lin-log specifications.  The 
“slope” coefficient, b, in the log-log regression has a very useful elasticity interpretation.  That is, at any 
given stocks-to-use ratio, the coefficient b estimates the percentage change in price for a one-percentage 
point increase in the stocks-to-use ratio. 

The estimated log-log pricing models for corn and soybeans over 1990-91 through 2015-16 are presented 
in Figures 5 and 6, respectively, along with the reciprocal model regressions.  Visual inspection of the charts 
reveals substantial differences in the estimation results for the log-log models in comparison to the 
reciprocal models (and implicitly the lin-log models).  Especially large differences can be seen for small and 
large stocks-to-use ratios.  For example, at a 15 percent stocks-to-use ratio and strong demand, the 
forecast corn price in Figure 5 is $6.01 for the reciprocal model and $5.26 for the log-log model, a difference 
of $0.75 per bushel.  The driver of the difference in the results for the log-log model is the assumption that 
the differences between the regression relationships are in percentage terms rather than dollar terms.  This 
can be seen most easily in Figures 7 and 8, which remove the reciprocal model regression lines.  It can now 
be readily seen that the difference between the log-log regression lines becomes larger in dollar terms with 
smaller stocks-to-use ratios in order to keep the percentage price difference between the relationships 
constant.  Complete estimation results for the log-log model specification for corn and soybeans can be 
found in Appendix Tables 5 and 6, respectively. 
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With the estimation results for the lin-log and log-log in hand, we can now more directly evaluate how much 
difference the selection of functional form makes on 2016-17 price forecasts.  The stocks-to-use ratio must 
be projected first and then the appropriate scenario for demand has to be specified.  We illustrated that 
two-step process for the 2016-17 marketing year using alternative balance sheet projections for corn and 
soybeans in a farmdoc daily article of April 13, 2016.  Table 1 includes price forecasts for the stocks-to-use 
ratios for corn and soybeans projected under the “Irwin/Good” balance sheets for all three regression model 
specifications.  The differences in the price forecasts turn out to be very small across the three models, 
largely due to the fact that the forecasts assume a weak demand scenario and the stocks-to-use ratios are 
near the median for each market.  Somewhat larger differences could be generated, particularly for the 
log-log model, at small or large stocks-to-use ratios. 

 

We next extend the analysis in our farmdoc daily article of April 22, 2016 of new era price projections for 
corn and soybeans using the lin-log and log-log regression models.  Since the regression models project 
the farm price of corn and soybeans for a wide range of stocks-to-use ratios, we use the same method of 
converting the relationships to a single average price that we used in our previous article.  Readers are 
encouraged to consult that article for details of the computations.  Table 2 contains the long-term average 
price projections for corn and soybeans based on the ending-stocks-to use ratios for the past 26 years and 
the assumed frequency of weak, moderate, and strong demand scenarios.  The new era scenario assumes 
the frequency of weak, moderate, and strong demand that occurred during the last nine marketing years.  
The two alternative scenarios assume higher frequencies of the weak demand conditions in order to 

Forecast of 

Crop Stocks-to-Use Ratio Reciprocal Model Lin-Log Model Log-Log Model

Corn 11.8% $3.70 $3.70 $3.74

Soybeans 7.0% $9.45 $9.53 $9.47

Table 1. Forecasts of 2016-17 U.S. Average Farm Price of Corn and Soybeans 

Based on Alternative Regression Model Specifications of Price and the Stocks-to-

Use Ratio

Price Forecast
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provide more conservative average price projections.  Once again, negligible differences are observed 
between the reciprocal and lin-log projections, at most $0.05.  However, larger differences emerge between 
the log-log projections and the other two specifications.  For example, with new era demand frequencies, 
the log-log regression model results in a long-term average price projection for corn of $4.34 compared to 
$4.54 based on the reciprocal model.  This is a bit more than a 4 percent difference in the average price 
projections.  This difference can be traced to the much steeper sloped regression relationships under the 
log-log specification.   

 

Implications  

We recently developed new specifications for the relationship between the marketing year ending 
stocks-to-use ratio and the marketing year average farm price for corn and soybeans and used these new 
models to forecast prices for the 2016-17 marketing year as well as generate long-term average price 
projections.  The sensitivity of projections to modelling assumptions is always important to consider. Here, 
we investigated the sensitivity of the new models and forecasting results to alternative functional forms.  We 
estimated linear-logarithmic and logarithmic-logarithmic (“double-log”) specifications for comparison to our 
base reciprocal model specification.  We found only negligible differences in 2016-17 price forecasts across 
the specifications.  Somewhat larger differences were found for long-term average price projections, 
particularly for the log-log specification.  But, even then the largest differences amounted to only about 4 
percent of the average price level.  Overall, we conclude that our original reciprocal model regression 
results are relatively insensitive to the assumed functional form.  While there is always uncertainty about the 
validity of model specifications, this reinforces our earlier conclusion that the new models provide useful 
benchmarks when forecasting corn and soybean prices.  
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Crop/Demand Scenario Reciprocal Model Lin-Log Model Log-Log Model

Corn:

  New Era Demand Frequencies $4.54 $4.49 $4.34

  Alternative Demand Frequencies 1 $4.26 $4.21 $4.12

  Alternative Demand Frequencies 2 $3.99 $3.94 $3.91

Soybeans:

  New Era Demand Frequencies $10.62 $10.62 $10.39

  Alternative Demand Frequencies 1 $10.14 $10.14 $9.96

  Alternative Demand Frequencies 2 $9.91 $9.89 $9.75

Table 2. New Era Projections of U.S. Average Farm Price of Corn and Soybeans 

Based on Alternative Regression Model Specifications of Price and the Stocks-to-

Use Ratio

http://farmdocdaily.illinois.edu/2016/04/new-era-of-corn-and-soybean-prices.html
http://farmdocdaily.illinois.edu/2016/04/forming-corn-soybean-price-expectations-2016-17.html
http://farmdocdaily.illinois.edu/2016/04/relationship-between-stock-to-use-and-prices.html
http://farmdocdaily.illinois.edu/2016/04/relationship-between-stock-to-use-and-prices.html


9 farmdoc daily   April 29, 2016 

 

 

Regression Statistics

Multiple R 0.993

R Square 0.987

Adjusted R Square 0.983

Standard Error 0.179

Observations 25

ANOVA

df SS MS F Significance F

Regression 5 45.685 9.137 283.606 0.000

Residual 19 0.612 0.032

Total 24 46.297

Variables Coefficients Standard Errors t Statistics P-values Lower 95% CI Upper 95% CI

Intercept 1.624 0.099 16.388 0.000 1.417 5.124

Stocks-to-Use Ratio 8.526 1.176 7.248 0.000 6.064 -0.578

Dummy Weak Demand 1.323 0.113 11.717 0.000 1.087 1.509

Dummy Moderate Demand 1 1.878 0.114 16.519 0.000 1.640 2.049

Dummy Moderate Demand 2 2.571 0.191 13.457 0.000 2.171 2.905

Dummy Strong Demand 3.817 0.150 25.516 0.000 3.504 4.092

*2015-16 projected based on April WASDE

Table A1. Reciprocal Regression Model Estimates for U.S. Farm Price of Corn and Ending Stocks-to-

Use Ratio, 1990-91 - 2015-16*

Regression Statistics

Multiple R 0.989

R Square 0.978

Adjusted R Square 0.972

Standard Error 0.488

Observations 25

ANOVA

df SS MS F Significance F

Regression 5 198.865 39.773 167.260 0.000

Residual 19 4.518 0.238

Total 24 203.383

Variables Coefficients Standard Errors t Statistics P-values Lower 95% CI Upper 95% CI

Intercept 5.136 0.237 21.657 0.000 4.640 5.632

Stocks-to-Use Ratio 8.091 1.746 4.633 0.000 4.435 11.746

Dummy Asian Financial Crisis -1.557 0.312 -4.984 0.000 -2.211 -0.903

Dummy Weak Demand 3.150 0.280 11.270 0.000 2.565 3.735

Dummy Moderate Demand 5.195 0.384 13.539 0.000 4.392 5.999

Dummy Strong Demand 7.479 0.541 13.831 0.000 6.347 8.611

*2015-16 projected based on April WASDE

Table A2. Reciprocal Regression Model Estimates for U.S. Farm Price of Soybeans and Ending 

Stocks-to-Use Ratio, 1990-91 - 2015-16*
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Regression Statistics

Multiple R 0.993

R Square 0.986

Adjusted R Square 0.983

Standard Error 0.183

Observations 25

ANOVA

df SS MS F Significance F

Regression 5 45.705 9.141 272.449 0.000

Residual 19 0.637 0.034

Total 24 46.342

Variables Coefficients Standard Errors t Statistics P-values Lower 95% CI Upper 95% CI

Intercept 4.464 0.316 14.144 0.000 3.803 5.124

Stocks-to-Use Ratio -0.822 0.117 -7.042 0.000 -1.067 -0.578

Dummy Weak Demand 1.266 0.116 10.930 0.000 1.024 1.509

Dummy Moderate Demand 1 1.803 0.118 15.300 0.000 1.556 2.049

Dummy Moderate Demand 2 2.490 0.198 12.565 0.000 2.076 2.905

Dummy Strong Demand 3.765 0.156 24.091 0.000 3.438 4.092

*2015-16 projected based on April WASDE

Table A3. Lin-Log Regression Model Estimates for U.S. Farm Price of Corn and Ending Stocks-to-

Use Ratio, 1990-91 - 2015-16*

Regression Statistics

Multiple R 0.989

R Square 0.978

Adjusted R Square 0.972

Standard Error 0.488

Observations 25

ANOVA

df SS MS F Significance F

Regression 5 198.865 39.773 167.260 0.000

Residual 19 4.518 0.238

Total 24 203.383

Variables Coefficients Standard Errors t Statistics P-values Lower 95% CI Upper 95% CI

Intercept 5.136 0.237 21.657 0.000 4.640 5.632

Stocks-to-Use Ratio 8.091 1.746 4.633 0.000 4.435 11.746

Dummy Asian Financial Crisis -1.557 0.312 -4.984 0.000 -2.211 -0.903

Dummy Weak Demand 3.150 0.280 11.270 0.000 2.565 3.735

Dummy Moderate Demand 5.195 0.384 13.539 0.000 4.392 5.999

Dummy Strong Demand 7.479 0.541 13.831 0.000 6.347 8.611

*2015-16 projected based on April WASDE

Table A4. Lin-Log Regression Model Estimates for U.S. Farm Price of Soybeans and Ending Stocks-

to-Use Ratio, 1990-91 - 2015-16*


