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Data Assignment 1: Decision Making Problem – 

Should CHS develop a fertilizer plant for Spiritwood, North Dakota?  Does being a 

cooperative change the decision? 

 

Overview for Data Assignment 1 

Statement of Purpose:  

This assignment breaks a decision down into nodes and subsequent chance 

outcomes.  Each node allows for a probability assessment of alternative outcomes based 

on unknown events or in assigning levels of confidence to individual decision makers.  

Students will learn how objective and subjective probability are used to make optimal 

decisions.  Further, students will learn how new information or differences in subjective 

probability among decision-makers can change the optimal decision for the decision-

maker. 

Objectives: 

1. Develop a decision tree. 

2. Understand how probability assessments are computed to identify the optimal 

decision at each node of the tree. 

3. Perform a sensitivity analysis of important variables of the tree and examine the 

changes in decision making (e.g., the probability of a strong market environment 

developing). 

4. Analyze the level of confidence that a decision maker would have to develop to move 

forward on a project. 
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5. Determine how to evaluate whether past decisions have been made with good 

judgement and sound assumptions. 

Audience: Undergraduates or Professionals. 

Activity Statement:  See Instructor Notes for Data Assignment 1 and Supplemental Excel 

Spreadsheet, “Data Assignment 1” for Student Assignment 

Instructor Notes for Data Assignment 1  

*Note- See Supplemental Excel Spreadsheet, “Data Assignment 1” for Student Assignment 

 

Background:   

CHS Inc. (CHS) is a farmer-owned cooperative based in Inner Grove Heights, 

Minnesota.  CHS purchases grain from a network of cooperatives and farmer-owners and match 

it with the needs of domestic and global food and feed customers in 65 countries. CHS also 

manufactures and distributes a variety of Cenex brand energy products and offers crop inputs 

through wholesale and retail operations in more than 450 communities in the United States to 

help farmers grow profitable crops.  In September 2014, CHS Board of Directors approved the 

construction of an approximately $3.0 billion nitrogen fertilizer manufacturing plant to be 

located in Spiritwood, North Dakota, which would provide the region’s farmers with enhanced 

supplies of crop nutrients essential to raising corn and other crops.  There was no assurance that 

actual costs for the plant would not exceed CHS’s initial estimates, the plant would be 

operational based on their anticipated timing, or that nitrogen fertilizer production in the region 

would be cost effective. 

The Spiritwood facility was expected to produce more than 2,400 tons of ammonia daily 

which would be further converted to urea, Urea Ammonia Nitrate solution and Diesel Exhaust 
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Fuel (DEF). The majority of the nitrogen products from the plant would be sold to farmer-owned 

cooperatives and independent farm supply retailers within a 200-mile radius of the plant in the 

Dakotas, parts of Minnesota, Montana and Canada. 

The main competitor in nitrogen production for CHS would be CF Industries.  Nitrogen 

manufacturers compete primarily on delivered price and, and to a lesser extent, on customer 

service and product quality. There is also significant competition from nitrogen products sourced 

from other regions of the world. 

Historically, retail prices for nitrogen products have fluctuated in response to periodic 

changes in supply and demand conditions. Demand for nitrogen is affected by planted acreage, 

crop selection and fertilizer application rates, population growth, changes in dietary habits and 

non-food use of crops, production of ethanol and other biofuels among other things. Demand 

also includes industrial uses of nitrogen, for example chemicals manufacturing and emissions 

reductants such as DEF. Supply is affected by available capacity and operating rates, raw 

material costs and availability, government policies and global trade.  

Selling prices for nitrogen products reached multi-year lows in 2017. For example, the 

average selling price of CF Industries nitrogen products in 2017 was $207 per ton.  This 

compared to $217 per ton in 2016, and $314 per ton in 2015.  As a result, CF industries reported 

gross margins in 2017 of $34 per ton for their nitrogen products.  This compared to gross 

margins of $93 in 2016 and $213 per ton in 2015.   

In August 2015, after evaluating the feasibility of constructing and operating the 

previously proposed nitrogen fertilizer manufacturing plant in Spiritwood, North Dakota, CHS 
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determined not to move forward with the construction of the facility. As a result, CHS recorded 

impairment and exit charges of $116.5 million. 

 

Table 1. Base Case Assumptions for Decision Analysis Assignment. 

Base Case Assumptions 

Fixed cost -$2,800,000,000  

Plant Annual Volume (tons) 876,000  

Plant Life (years) 30  

Plant Capacity Utilization (Percent) 100%  

Discount Rate for Net Present Value 2%  

   

Market Price Probability Gross Margin ($ per ton) 

Great 0.55 213 

Fair 0.30 93 

Awful 0.15 34 

*The CEO believes there is an 80% probability the plant is technologically feasible 

 

 

Answer the following numbered questions and perform the tasks indicated in italics to 

support your answers.   
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1.  If the CEO believes the nitrogen plant could be technologically feasible with 80% 

probability, using expected monetary value, should the CEO decide to move ahead with 

studying the feasibility of building the fertilizer plant given the other base case 

assumptions? 

o Develop a two-stage decision tree model using the Precision Tree software. 

o In developing the model, use the base case assumptions.   

o The base case assumptions were made by reviewing SEC filings by CHS in regards to the 

Spiritwood nitrogen plant, and from the SEC filings for CF Industries—the largest U.S. 

nitrogen manufacturer. 

o Provide a PowerPoint slide of the precision tree model showing the determination of 

moving ahead or not with exploring the feasibility of building the plant.   

o Also, provide a sentence stating the expected monetary value at the initial branch of the 

tree and explain why a rational decision maker would move ahead or would not move 

ahead in developing the plant.   

 

Acceptable Answer for Question 1: 

 

Using the base case assumptions, the CEO should move ahead with building the plant 

because the expected monetary value is $169,723 which is greater than the monetary value of $0 

if they do not move ahead (See Figure 1). 
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Figure 1.  Two-stage decision analysis examining the decision to pursue development of a 

nitrogen plant. 
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2.  Using the base case scenario, what is the minimum probability that the CEO would have 

to believe that the nitrogen plant would be technologically feasible in order for the CEO to 

move ahead and incur the costs of $116,500,000 to determine if the plant is technologically 

feasible with certainty? 

o Provide a PowerPoint slide showing the strategy chart in a one-way sensitivity analysis 

of the probability the plant will be technologically feasible.   

o Explain in the slide the sensitivity of the probability value range that the plant is 

technologically feasible and the changing strategy of moving ahead or not moving ahead 

with the plant.  

 

Acceptable Answer:  

 

The CEO would need to think there is an 80% or greater probability the plant would be 

technologically feasible in order to move ahead in the base case scenario. However, if the CEO 

was not confident there is at least an 80% chance the plant would be technologically feasible, 

then the CEO would believe the expected value to be negative given the other base case 

assumptions and choose not to move forward with exploring the feasibility of the project (See 

Figure 2). 



9 
 

Figure 2.  Strategy Region of Decision Analysis. 

 
 

3.  If we adjusted the base case input assumptions for the fixed cost, plant life in years, net 

present value  discount rate, and the probability of a great market by plus or minus 25%, 

what input assumption would have the most impact on expected monetary value of moving 

ahead with the plant? 

o Provide a PowerPoint slide showing the tornado chart with the comparable ranges in 

expected monetary values for fixed cost, plant life, net present value discount rate, and 

probability of a great market.    

o Explain the order and ranges in monetary terms of expected monetary value for each of 

the input assumptions.  

Acceptable Answer:  

The fixed cost assumption had the most impact on expected monetary value when we 

adjusted the value by ±25%.  Specifically, the fixed cost changed the expected monetary value 

from $0 to $560 million.  The probability that the market was great had the second most impact 
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ranging from $0 to $386 million, closely followed by the years of the plant’s life ($376 million), 

and lastly by the discount rate assumed ($171 million).   

 

Figure 3.  Importance of Assumptions on Decision Analysis Expected Monetary Value. 

 
 

 

 

4. Given the base case scenario, provide a short recommendation to the CEO as to whether 

you believe they should move ahead with exploring the feasibility of building a nitrogen 
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Given the low assumed discount rate in the base case scenario (2%), and the 

requirement of a high probability that the plant would need to be technologically feasible 

(80%), we would not recommend to the CEO to move forward.  Discount rates, while 

currently low, have historically been in the 5% range.  We found that a change to the 

discount rate of ±25% could change the expected monetary value that would result in not 

moving forward with the plant.   In addition, new plant construction often results in 

unforeseen costs.  We found that changes to the fixed costs would have a large impact to 

the expected monetary value of the plant when we adjusted by the fixed costs ±25%.  

Thus, without greater confidence of higher gross margins, or a higher certainty of plant 

fixed costs, we would not advise moving forward with building the nitrogen plant.   

 

Additional Discussion Item:  Does the fact that CHS is a farmer-owned cooperative 

require that the decision analysis we performed have different base case 

assumptions?  If so, how should the analysis change?   

 

Acceptable Answer: 

Farmer-owned cooperatives were created with the intention to improve the 

bargaining power and profitability of smaller producers.  The decision analysis performed 

in the assignment had examined the decision to build a fertilizer plant based off of 

nitrogen product returns reported by a competing public corporation.  The expected 

monetary value benefits assumed in the base case would accrue only to shareholders of 

the corporation.  However, because CHS is a farmer-owned cooperative, there may be 

additional expected monetary value benefits to the farmer-owners of the cooperative that 



12 
 

were not accounted for in the base case assumptions.  Specifically, if CHS built a 

fertilizer plant the effect could be that nitrogen product prices that farmer-owners of the 

cooperative purchase would decrease.  Thus, there would be additional expected 

monetary value benefits that would accrue to farmer-owners at the farm level.  These 

additional benefits may cause the decision to build a plant to not be not entirely based 

upon the expected monetary value at the firm level where the benefits accrue to 

shareholders.  To properly do a decision analysis to determine optimal decisions using 

expected monetary benefits, we would need to adequately determine who has the right to 

make the decision and what rights to the benefit that accrues do they possess or act as an 

agent.      

 

References for Data Assignment 1 

1. CHS Inc. (2017). 2017 annual report. Retrieved from: 

https://www.sec.gov/Archives/edgar/data/823277/000082327717000053/chscp10k83117.htm 

2. CF Industries Holdings (2018). Annual report. Retrieved from: 

http://www.snl.com/Cache/c396846694.html 

 

 

 

  

http://www.snl.com/Cache/c396846694.html
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Data Assignment 2: Forecasting Problem – 

Do Markdown Events Affect Meat Demand at Walmart Supercenters? 

 

Overview for Data Assignment 2 

Statement of Purpose:  

This assignment teaches students how to forecast demand.  The assignment allows 

students to analyze different drivers of seasonal demand such as weather patterns, 

holidays, and food support programs.  The assignment also focuses on how businesses 

with limited market power affect demand through the use of markdown events and other 

discriminatory pricing strategies. 

Objectives: 

1. Develop a forecasting model. 

2. Understand what the output of a forecasting model means. 

3. Evaluate the model’s ability to predict out-of-sample demand (fit). 

4. Determine whether markdown events influence demand. 

Audience: Undergraduates or Professionals. 

Activity Statement:  See Instructor Notes for Data Assignment 2 and Supplemental Excel 

Spreadsheet, “Data Assignment 2” for Student Assignment 

Instructor Notes for Data Assignment 2  

*Note- See Supplemental Excel Spreadsheet, “Data Assignment 2” for Student Assignment 

Background: 

The Walmart U.S. segment is a mass merchandiser of consumer products, 

operating under the "Walmart," "Wal-Mart" and "Walmart Neighborhood Market" 



14 
 

brands, as well as walmart.com and other eCommerce brands. The Walmart U.S. segment 

had net sales of $318.5 billion, $307.8 billion and $298.4 billion for 

fiscal 2018, 2017 and 2016, respectively.  

Walmart U.S.'s business is seasonal to a certain extent due to calendar events and 

national and religious holidays, as well as different weather patterns. Historically, its 

highest sales volume and segment operating income have occurred in the fiscal quarter 

ending January 31. 

Walmart U.S. competes with both physical retailers operating discount, 

department, retail and wholesale grocers, drug, dollar, variety and specialty stores, 

supermarkets, hypermarkets and supercenter-type stores, and digital retailers, as well as 

catalog businesses. Walmart also competes with others for desirable sites for new or 

relocated retail units. 

Walmart's ability to develop, open and operate units at the right locations and to 

deliver a customer-centric omni-channel experience largely determines their competitive 

position within the retail industry. Walmart employs many programs designed to meet 

competitive pressures. These programs include the following: 

 

 EDLP: everyday low price so that their customers trust that their prices will not 

change under frequent promotional activity; 

 

 EDLC: everyday low cost so cost savings can be passed along to their customers; 
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 Rollbacks:  commitment to pass cost savings on to the customer by lowering 

prices on selected goods; 

 

 Savings Catcher, Save Even More and Ad Match: strategies to meet or be below a 

competitor's advertised price; 

 

 Money Back Guarantee:  commitment to ensure the quality and freshness by 

offering customers a 100 percent money-back guarantee if they are not satisfied. 

Walmart utilizes a global supply chain of agribusinesses that includes over 

100,000 suppliers located around the world.  In many instances, Walmart purchases 

merchandise from producers located near the stores and clubs in which such merchandise 

will be sold, particularly products in the "fresh" category.  Walmart's ability to acquire 

from their agribusiness suppliers the assortment and volume of products they wish to 

offer to their customer within the required time, determines in part, Walmart's in-stock 

levels and the attractiveness of the merchandise assortment they offer to customers and 

members. 

As a result, Walmart has entered the agribusiness space to more closely control 

the supply of their fresh meats and dairy products in their stores.  For example, Walmart 

has recently announced a contractual deal with 44 farms-- a vertically integrated Texas 

cattle ranch-- to supply premium beef to some of their stores. Additionally, Walmart has 

opened a milk processing plant in Indiana to supply milk under their Great Value brand. 
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Walmart cites as a risk factor that they may not timely identify or effectively 

respond to consumer trends or preferences, which would negatively affect their 

relationship with their customers.  Walmart acknowledges 'that it is difficult to predict 

consistently and successfully determine the products and services their customers will 

demand and changes in their shopping patterns. They cite the success of their business 

depends in part on how accurately they predict consumer demand and the availability of 

merchandise.  

Consequently, Walmart sponsored a data competition to predict weekly sales for a 

select number of their stores (https://www.kaggle.com/c/walmart-recruiting-store-sales-

forecasting).  Walmart used the data competition to recruit top performing data analysts 

for their firm. 

Walmart described the challenge: 

‘One challenge of modeling retail data is the need to make decisions based on limited 

history. If Christmas comes but once a year, so does the chance to see how strategic 

decisions impacted the bottom line… To add to the challenge, selected holiday 

markdown events are included in the dataset. These markdowns are known to affect 

sales, but it is challenging to predict which departments are affected and the extent of the 

impact.’ 

 

1.  What is the effect of temperature, size and week number of the month on Meat 

Demand at Walmart Superstore Locations?    

o Filter the Walmart data to identify only the weekly sales from the Fresh and 

Frozen Meat Department in the Supercenter stores in the Walmart Dataset.  The 
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Meat Department is identified as number 93 and the Supercenters are identified 

as Type "A".   

o Break the dataset up into two worksheets where all data in 2010 and 2011 are in 

one worksheet and all data in 2012 are in another worksheet.   

o Using the StatsTools Data Set Manager, create a dataset of the filtered data in 

StatsTools.  

o Name the dataset in the worksheet title “2010-2011” as "Data Set #1".   

o Name the dataset in the worksheet titled “2012” as “Data Set #2”. 

o Using StatsTools, perform a Multiple regression analysis of weekly meat sales at 

all supercenter locations using the data set #1 (data in “ 2010 and 2011”).   

o Place a checkmark next to Weekly_Sales as the dependent variable and include in 

the analysis as independent variables store size (sq. ft), week of the month, and 

temperature (degrees).   

o After selecting regression in StatsTools, select the “Graphs” tab.  Make sure to 

place a checkmark next to “Fitted values vs. X-Values”.  This selection will 

include those charts as output in the regression analysis.  

o Provide in a PowerPoint slide the report of the regression analysis.  Also, in the 

slide, describe the unique effect that temperature, store size, and the week of the 

month had on meat sales in the Walmart supercenter stores in the model.  

o Lastly, include all the scatterplots of the fitted values vs. the x values in the 

PowerPoint and explain the relationships.   

Acceptable Answer: 
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Using an econometric model, we fitted the effect of temperature, size, and week 

of the month on weekly Fresh and Frozen Meat Sales for Walmart Supercenters in 2010 

and 2011.  Temperature had a positive effect in that an increase in 1 degree raised 

expected meat sales by $446 per week (See Figure 4 and 5).  The week of the month had 

a negative effect on meat sales of $1,400 per week (See Figure 4). This suggests that 

meat sales were expected to be higher in the first few weeks of the month than in the 

fourth and fifth weeks of the month (See Figure 6).  Finally, store size is expected to 

increase Weekly Meat Sales $.15 cents per square foot (See Figure 4 and 7). 

 

Figure 4.  Regression report on Walmart Weekly Meat Sales. 
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Figure 5.  Effect of temeperature versus the predicted weekly meat sales. 

 

Figure 6.  Effect of the week of the month on predicted weekly meat sales. 
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Figure 7.  Effect of store size on predicted weekly meat sales. 
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size, and the dollars associated with markdown events. Only the markdown event 2 was 

found to be significant at the 5% level.  Markdown event 2 had a negative effect on 

weekly meat sales, where we found that sales fell by $.27 for each dollar of markdown 2 

offered.   

 

Figure 8.   Regression report of Walmart weekly meat sales with markdown events. 

 

 

 

 

 

3.   Using the same independent and dependent variables in question 1, predict the 

weekly meat store sales for Walmart supercenters in 2012.  Compare the weekly 

meat sales predictions to the observed weekly meat sales for store number 40 in a 

time series graph.  How does the model predictions look compared to the observed 
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results (do they look fairly accurate)?  Are there any very poor predictions related 

to an omitted variable in store 40's weekly meat sales predictions?  

o Select the worksheet “2012”.   

o Rename the column “Weekly_Sales” as “Observed_Weekly_Sales”.  

o In StatTools, run the same regression as you did in question 1 using "Data Set 

#1" as the data to build the model identified in the “Variables” tab.  Then select 

the “Options” tab and place a checkmark in the box to include prediction for 

dataset.  Select "Data Set #2" as the dataset to “Include Prediction for Dataset”.  

Select “Ok” to run the regression.  

o Select "Yes" when StatsTools asks 'Do you want to insert a new variable named 

Weekly_Sales'.  This should que StatsTool to run the regression and output a 

regression report. 

o After you run the regression, check to see that StatsTool added new column(s) to 

the worksheet “2012”.  These new column(s) are the predicted values (“Weekly 

Sales”) and the confidence region of the predictions for 2012 based on the model 

of weekly sales from 2010 and 2011.   

o In the worksheet “2012”, select the Excel tab "Data" on the upper ribbon.  With 

cell A1 selected, select "Filter".   

o The first row should have a downward arrow button pop up that displays 

dropdown lists of unique values in the column.   

o In the dropdown list for the "Store" column deselect the checkmark under "Select 

All" and only place a checkmark for "40" or store number 40.   
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o This should filter the dataset to just show data and predictions for store 40 in the 

worksheet “2012”.   

o In the "StatsTools" tab, select "Time Series and Forecasting" and "Time Series 

Graph".  

o Make sure the "Data Set #2" dataset is selected.   

o Below the "Val" column in the popup window, place a checkmark next to the 

variable "Observed_Weekly_Sales" and "Weekly_Sales".   

o In the "Lbl" column in the popup window, place a checkmark next to "Date".   

o Select "Plot All Variables On a Single Graph" and do not select "Use Two Y 

Axes".   

o Select “Ok” 

o Provide the time series graph in a PowerPoint and describe the ability to predict 

weekly sales of meat at store 40. 

 

Acceptable Answer: 

We used an econometric model of Walmart Supercenter size, temperature, and 

week of the month to predict the weekly sales of fresh and frozen meat in 2012.  The data 

the model was fitted to was from 2010-2011.  We focused on results of one of the 

supercenter stores (#40) to identify how well the model predicted weekly sales the 

following year.  The model appears to capture increasing meat sales in the summer 

months as temperature rises, and higher weekly sales during the earlier weeks of the 

months.  However, the model predicts that meat sales are higher overall (red line in 

Figure 9) than what was observed during 2012 at store #40 (blue line in figure 9).  



24 
 

Indeed, store #40’s weekly meat sales tend to be below what would be expected given the 

size and temperature at this particular store’s location (See Figure 9).     

Figure 9.  Walmart Store #40’s observed weekly meat sales and prediction. 
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o Remove the filter from 2012 placed on the worksheet in Question 3 by selecting 

the Data tab in Excel and removing the filter.   

o In StatsTools, select the “Data Utilities” tab on the upper ribbon.   

o Create new dummy variables by selecting “Dummy…” from the dropdown list.  

o Select the variable “Store” and select “Create One Dummy Variable for Each 

Distinct Category” under “Options”.   

o In the “Data Set” dropdown list, select “All Data Sets”.   

o In StatTools, run the same regression as you did in question 3 using "Data Set 

#1" as the data to build the model identified in the “Variables” tab.  However, 

add the new dummy variables for store as independent variables, but exclude 

store # 1 to avoid a dummy variable trap.     

o In the “Options” tab, make sure there is still a checkmark in the box to include 

prediction for dataset.  Select "Data Set #2" as the dataset to “Include Prediction 

for Dataset”.  Select “Ok” to run the regression.  

o Select "Yes" when StatsTools asks 'Do you want to insert a new variable named 

Weekly_Sales'.  Note that if you did not rename the column “Weekly_Sales” in 

step 1, the regression will overwrite your results from question 3. 

o In the worksheet “2012”, select the Excel tab "Data" on the upper ribbon.  With 

cell A1 selected, select "Filter".   

o The first row should have a downward arrow button pop up to view dropdown 

lists of unique values in the column.  

o In the dropdown list for the "Store" variable deselect the checkmark under "Select 

All" and place a checkmark for "40" or store number 40.   
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o This should filter the dataset to just show data and predictions for store 40 in the 

worksheet “2012”.   

o In the "StatsTools" tab, select "Time Series and Forecasting" and "Time Series 

Graph".  Make sure the "Data Set #2" dataset is selected.   

o Below the "Val" column in the popup window, place a checkmark next to the 

variable "Observed_Weekly_Sales" and "Weekly_Sales". Also, place a checkmark 

next to “Weekly_Sales_Predicted_Question_3”.   

o In the "Lbl" column in the popup window, place a checkmark next to "Date".  

Select "Plot All Variables On a Single Graph".  Do not select "Use Two Y Axes".   

o Provide the time series graph in a PowerPoint slide.  In the same slide, answer 

the questions asked in question 4. 

 

Acceptable Answer: 

We used an econometric model of Walmart Supercenter size, temperature, week 

of the month, and the store number identifier to predict the weekly sales of fresh and 

frozen meat in 2012.  The data the model was fitted to form the model was from 2010-

2011.  We focused on the results of a single supercenter store (#40) to identify how well 

the model predicted weekly sales the following year.  The model appears to capture 

increasing meat sales in the summer months, and higher weekly sales during the earlier 

weeks of the months.  The model appears fairly accurate in predicting most fluctuations 

in meat demand (green line is the prediction and the blue line is the observed weekly 

meat sales in Figure 10).   We improved the prediction of the observed weekly sales 

compared to the model used in question 3 that predicted weekly sales to be higher (red 
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line in Figure 10).   We added a dummy variable for the store to capture unique aspects of 

store 40’s meat demand in the model compared to other Walmart Supercenter locations.  

The addition of the dummy variable for each store number corrected the sales prediction 

for store 40’s lower sales.  However, the model we use does appear to fail to predict 

higher weekly meat demand during the holiday weeks of Easter, 4th of July, and Labor 

Day.   

Figure 10.  Walmart Store #40’s observed weekly meat sales and predictions. 

 

Additional Discussion Item:  What is being captured by the dummy variable in the 

model used in Question 4 compared to the model used in Question 3?  What 

variables do we need to know more specifically what is different about store #40’s 

meat demand? 

Acceptable Answer: 

The store dummy variables in question 4 are capturing unique aspects of demand 

at each store compared to other Walmart Supercenter locations when controlling for size 

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

50000

1
/6

/2
0

12

1
/2

7
/2

01
2

2
/1

7
/2

01
2

3
/9

/2
0

12

3
/3

0
/2

01
2

4
/2

0
/2

01
2

5
/1

1
/2

01
2

6
/1

/2
0

12

6
/2

2
/2

01
2

7
/1

3
/2

01
2

8
/3

/2
0

12

8
/2

4
/2

01
2

9
/1

4
/2

01
2

1
0

/5
/2

01
2

1
0

/2
6

/2
0

1
2

Time Series

Weekly_Sales_Observed /
Data Set #2

Weekly_Sales_Predicted_Ques
tion_3 / Data Set #2

Weekly_Sales / Data Set #2



28 
 

and temperature.  This could include differences in the potential market at the location, 

consumer preference differences, or store performance and competition just to name a 

few.  We would need to include indicators of population and meat demand in a specified 

radius around each store to isolate differences in potential meat sales between stores.  We 

would need to include indicators of consumer preferences on meat consumption such as 

income, beliefs, and special dietary habits to isolate unique consumer preferences.  We 

would need to include a variable that indicates the degree of competition from other 

stores, such as the number of grocery stores within a specified radius to isolate 

competition.  We would need to know number of poor reviews or health and safety 

violations to try to capture potential effects from consumer satisfaction or product 

quality.  We may need to know if Walmart has vertically integrated the supply to acquire 

fresher meat products.   

 

References for Data Assignment 2 

1. Kaggle (2014). Walmart Recruiting-Store Sales Forecasting. Retrieved from: 

https://www.kaggle.com/c/walmart-recruiting-store-sales-forecasting 
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Data Assignment 3: Optimization Problem –  

Land O’Lakes Feed Mill - What Dairy Ration is the Lowest Cost for a Feed Mill? 

 

Overview for Data Assignment 3 

Statement of Purpose:  

This assignment teaches students how to find the lowest-cost dairy ration that 

meets recommended dietary needs.  The assignment allows students to change the 

ingredients in the ration to optimize the ration to be the lowest cost ration.  The 

assignment allows students to simulate the net income over ingredients cost risk because 

prices for a ration cannot be changed with the same frequency with which ingredient 

prices change.  This risk analysis allows students to determine which ingredient prices 

contribute to feed mill net income risk.  The findings lead students to think about 

strategies that can neutralize such risk. 

Objectives: 

1. Develop a linear optimization model. 

2. Evaluate the level of risk associated with each ingredient used. 

3. Understand sensitivity to market assumptions on net income risk. 

4. Develop ways to counteract these risks through contracting or hedging.  

Audience: Undergraduates or Professionals. 

Activity Statement:  See Instructor Notes for Data Assignment 3 and Supplemental Excel 

Spreadsheet, “Data Assignment 3” for Student Assignment 

Instructor Notes for Data Assignment 3  
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*Note- See Supplemental Excel Spreadsheet, “Data Assignment 3” for Student Assignment 

 

Background:   

Through Land O’Lakes Purina Feed, LLC (“Land O’Lakes Purina Feed”) and its 

consolidated subsidiaries, Land O' Lakes (LOL) manufactures and markets feed for both 

the commercial and lifestyle sectors of the animal feed market in the United States.  

LOL operates a geographically diverse network of 79 feed mills, which distributes 

animal feed nationally through a network of approximately 850 local member 

cooperatives, approximately 3,400 independent dealers operating under the Purina brand 

name and directly to customers. 

LOL sells commercial and lifestyle animal feeds which are based upon 

proprietary formulas. They also produce commercial animal feed to meet customer 

specification for a wide variety of animals, such as dairy cattle, beef cattle, swine, 

poultry, horses and other specialty animals. 

LOL's Complete Feed products provide a balanced mixture of grains, proteins, 

nutrients and vitamins which meet the entire nutritional requirement of an animal. They 

are sold as ground meal, in pellets or in extruded pieces. Sales of complete feeds typically 

represent the majority of net sales.  

The animal feed industry is highly fragmented. LOL's competitors consist of 

many small local manufacturers, several regional manufacturers and a limited number of 

national manufacturers. The available market for commercial feed may become smaller 

and competition may increase as meat processors and livestock producers become larger 

and integrate their businesses by acquiring or constructing their own feed production 

facilities. In addition, purchasers of commercial feed tend to select products based on 
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price and performance and some of LOLs feed products are purchased from other third 

parties. As a result of these factors, the barriers to entry in the feed industry are low.  

The basic feed manufacturing process consists of grinding various grains and 

protein sources into meal and then mixing these materials with certain nutritional 

additives, such as vitamins and minerals. The resulting products are sold in a variety of 

forms, including meal, pellets, blocks and liquids.  

LOL purchases the bulk components from various suppliers. These bulk 

components include corn, soybean meal and grain by-products. LOL has invested in 

highly sophisticated computerized systems for mixing, pelleting, micro-ingredient 

blending and packing. In addition, they have developed and implemented a sophisticated 

software program for feed formulations that incorporate the nutritional value of substitute 

ingredients. They believe this program provides them with a competitive advantage.    

Many of LOL's feed products use agricultural commodities as inputs, such as 

corn, soybean meal, and wheat midds. Through pricing and the use of risk management 

tools, net returns are only marginally affected by the cost of commodity inputs.  

Industry practices in animal feed pass cost fluctuations on to the customer in the 

long term, but do not protect against large sudden movements in input costs in the short 

term. LOL follows industry standards for feed pricing. The feed industry generally prices 

products based on Income Over Ingredient Cost (IOIC) per ton of feed. This practice 

tends to mitigate the impact of volatility in commodity ingredient markets on animal feed 

profits. As ingredient costs fluctuate, the changes are generally passed on to customers 

through weekly or monthly changes in prices. Thus, the key indicator of business 

performance is IOIC rather than net sales.  
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Changes in commodity grain prices also have an impact on the mix of products 

that LOL sells. When grain prices are relatively high, the demand for complete feed rises 

since many livestock producers are also grain growers and will sell their grain in the 

market and purchase complete feed as needed. When grain prices are relatively low, 

producers will feed their grain to their livestock and purchase premixes and supplements 

to provide complete nutrition to their animals.  

Complete feed has a far lower margin per ton than supplements and premixes. 

Thus, during periods of relatively high grain prices, although margins per ton are lower, 

LOL sells substantially more tonnage because the grain portion of complete feed makes 

up the majority of its weight. As dairy production has shifted from the Upper Midwest to 

the western United States, there has been a change in demand for feed product mix, with 

lower sales of complete feed and increased sales of simple blends. Complete feed is 

manufactured feed which meets the complete nutritional requirements of the animal, 

whereas a simple blend is a blending of unprocessed commodities to which the producer 

then adds vitamins to supply the nutritional needs. 

 

Assignment: 

 

1.  Using Solver in Excel, find the least cost ingredient mix for a daily dairy ration 

that a feed mill can acquire, mill, blend, and sell given the base case assumptions on 

commodity composition and milling capacity that are included in the "Dairy1" 

worksheet.  The decision variables that can be adjusted to determine the least cost 

daily dairy ration that meets nutritional requirements are the tons of grain feed 
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components in the feed ration which is indicated by the yellow highlighted cells in 

the “Dairy1” worksheet (Dairy1!D22:D34).  The light blue boxes are assumptions on 

input variables that are given. 

o The objective cell that is to be minimized in the excel solver program is the daily 

cost in dollars of the ration (Dairy1!B40) or the cost per hundredweight 

(Dairy!C40). 

o When solving for the least cost dairy ration, add 7 nutritional constraints that 

must be satisfied as well as 2 supply constraints listed below: 

o Nutritional Constraints: 

o Total dry matter intake (DM) of the ration should consist of at least 40 percent 

forage DM (e.g. Dairy1!C44 >= Dairy1!E44).  

o Feed grain should be greater than 40% of DM. 

o Acid detergent fiber (ADF) should be at least 18 percent of the DM in the ration. 

o Neutral detergent fiber (NDF) should be at least 28 percent of the DM in the 

ration. 

o Crude Protein should be greater than 16 percent. 

o Urea should be less than 0.4 pounds per cow daily.  

o Total fat should not go above 7 percent of the DM. 

o Supply Constraints: 

o The tons of feed components in the daily animal feed blend (e.g. 

Dairy1!D22:D34) cannot exceed the feed mill’s capacity to acquire, mill, and 

blend the ingredients per day ( e.g. Dairy1!F6:F18).  

o The decision variables also have to be non-negative.   
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o Provide a table of the optimal Animal Feed Components in tons.   

o Also, add a table of the nutrients in the ration and the nutritional requirements in 

a PowerPoint presentation with the cost of the ration per day.   

 

Acceptable Answer: 

We found the lowest cost dairy feed ration for 74,455 dairy cows expected to be 

on complete feed in Table 1.  This ration mix is possible given the assumed capacity of 

the feed mill to acquire, mill, and blend the ingredients.  Specifically, the lowest cost 

ingredient mix would need to include approximately 770 tons of alfalfa hay,  1196 tons of 

corn silage, 800 tons of corn grain, 18 tons of oats, 85 tons of dry DDGs, 8 tons of wet 

DDGs, 30 tons of whole soybeans, 90 tons of sorghum, and 5 tons of Wheat Midds. 

 The lowest cost dairy ration mix for 74,455 dairy cows expected to be on 

complete feed would meet the recommended amount of forage, concentrate, net energy 

needs, acid detergent fiber, and neutral detergent fiber.  Also, the ration would not exceed 

the recommended limits for fat and urea in the ration.  This ration would cost 

approximately $405,000 a day to acquire or $6.99 per hundredweight given the assumed 

market prices for the ingredients (See Table 2). 

   

Table 2.  Lowest cost dariy feed ration mix. 

  Animal Feed  Components 

Feed Tons 

Alfalfa Hay, late vegetative 769.04 

Corn Silage, 40% grain med 1095.89 

Corn Grain, coarse 796.47 

Soybean Meal, 48% 0.00 

Oat Grain 18.41 

Corn Distillers Grain 85.31 
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Corn Distillers Grain, wet 7.63 

Soybean Whole, raw 29.90 

Sorghum Grain, coarse 89.86 

Corn Gluten Meal 0.00 

Meatbone Meal 0.00 

Urea 0.00 

Wheat Middlings 4.53 

Total 2897.0 

 

Table 3.  Income, cost, and nutritional composition of lowest cost ration mix. 

Firm Income and Cost Total Per 

Day 

Per Hundred 

Weight 

Income $433,306 $7.48  

Cost $404,958 $6.99  

Income Over Cost of 

Ingredients  

$28,347 $0.49  
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Nutritional Constraints   Ration Constraint Requirement   

Forage   2,107,56

2 

>= 1,573,538 lbs. 

Concentrate   1,826,28

4 

>= 1,573,538 lbs. 

Dry Matter   3,933,84

6 

 3,573,837 lbs. 

Net Energy for Lactation   2,979,11

9 

 2,613,368 Mcal 

Net Energy for Maintenance      Mcal 

Net Energy for Gain      Mcal 

Crude Protein   580,840 >= 566,120 lbs. 

Rumen Degradable Protein   356,647  356,647 lbs. 

Rumen Undegradable Protein   224,192  209,473 lbs. 

Acid Detergent Fiber   679,029 >= 679,029 lbs. 

Neutral Detergent Fiber   1,101,47

7 

>= 1,101,477 lbs. 

Urea    0.000 <= 29,782 lbs. 

Effective Neutral Detergent 

Fiber 

  708,300   lbs. 

Non-Fiber Carbohydrates   1,888,42

6 

  lbs. 

Fat   157,698 <= 275,369 lbs. 

 

 

2.  There is risk to the income over ingredients cost because the feed mill cannot 

change their feed price and ration mix with the same frequency in which the 

ingredients they acquire to mill and blend do.  Using the least cost ingredient mix 

found in question 1, conduct a risk analysis of income over ingredient cost 
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(Dairy2!B41) if we allow the price of corn to change.  We can make the corn price of 

grain unknown using simulation in the @Risk software.  Assume that the changes to 

the price of corn have a normal distribution with a mean price of $3.30 per bushel 

and a $.33 per bushel standard deviation.  Provide a @Risk report of the income 

over ingredients cost given the unknown changes to corn prices that can occur.  

Describe the risk of income over the cost of ingredients.    

o Copy and paste the values of the optimal ingredients mix found in question 1 into 

the worksheet titled “Dairy2”. 

o Open @Risk from the Palisade Decision Tool Suite.    

o Select the price of corn grain in cell C8 (Dairy2!C8).  

o In the @Risk tab, select “Define Distributions” on the upper ribbon.  Select the 

normal distribution and change the values of the distribution mean to 3.30 and 

the standard deviation to .33.   

o If the value of cell C8 was $3.30, then the default parameters to the distribution 

should be the above values.   

o Press ok.   

o If done correctly, @Risk should insert the following formula into the cell C8 

“=RiskNormal(3.3,0.33,RiskStatic(3.3))”.  Also, you can just type the formula 

“=RiskNormal(3.3, .33)” into Cell C8 to simulate a normal distribution in 

@Risk. 

o Once the formula is entered into the cell, the cell will change the price of corn 

with each key stroke or by pressing F9 telling Excel to recalculate.   
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o Select the cell that calculates the income over ingredients cost per day 

(Dairy2!B41). 

o  Then select “Add Output” in the @Risk tab upper ribbon.   

o Select ok when prompted.   

o This should replace the formula in cell B41 to the following: 

“=RiskOutput()+B39-F35”.   

o The addition of “RiskOutput()” to the formula identifies that this cell is to be 

tracked as an output as we simulate changes to the price of corn as an input.   

o In the @Risk tab, select the simulation “Settings” icon and then select the 

“Sampling” tab in the pop up window.  This icon is in the @Risk upper ribbon in 

the “Simulation” section of the ribbon.      

o For the "Initial Seed" value select "Fixed" in the drop down menu and leave the 

default value at 1.   

o Make sure the dice pattern in the center of the @Risk upper ribbon in the 

“Simulation” section of the ribbon is highlighted with a green hue. 

o Select “Start Simulation” using the default settings of 100 iterations and 1 

simulation.   

o This should cause @Risk to iterate through 100 values of corn price and graph 

the distribution of income over ingredients cost given the simulated changes in 

corn price. 

o Export the @Risk report as a .pdf file by selecting the “Excel Reports” button on 

the upper ribbon in the @Risk tab.   
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o Place a checkmark next to “Quick Reports” and checkmarks under “Model 

Definition” next to “Inputs” and “Output”.   

o Select “PDF Document” for the location to “Place the Report In”.   

o Insert the .pdf report into the PowerPoint presentation.  

o Describe the daily risk for the feed mill associated with fixing the price of their 

dairy ration given a stochastic corn market with the assumed values and optimal 

ration mix. 

 

Acceptable Answer: 

We simulated the risk to the income over ingredients cost per day if using the 

lowest cost ration mix we found in question 1.  We allowed the prices of corn to change 

assuming the changes to prices had a normal distribution with a mean price of $3.30 and 

a standard deviation of $.33.  We assumed a 7% price markup and that the capacity of the 

feed mill to acquire, mill, and blend the ingredients per day was 1% of the expected 

production in the region.  We found that the risk to net income over ingredients cost we 

simulated had a minimum value of $25,926 and a maximum of $30,032.  The mean value 

was $28,343 with a standard deviation of $679 (See Figure 11).   
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Figure 11.  Risk analysis of net income over ingredients cost.
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Figure 12.  Distribution of corn prices simulated. 

 

3. Perform the same risk analysis as question 2, however change the distribution for 

the corn grain price from a normal distribution to a triangular distribution.  Select 

the most likely value in the triangular distribution as $3.30 and a minimum value as 

$3.00 and the maximum value as $4.00.  Provide the risk report of net income over 

ingredients cost per day in a PowerPoint slide.   Describe this risk analysis in 

comparison to the risk analysis in question 2.  Is there more or less risk for the feed 

mill using the assumed triangular distribution or the normal distribution in 

question 2? 

o Select the price of corn grain in cell C8 (Dairy2!C8).   

o Change the distribution from a normal distribution to a triangular distribution 

with a min value of 3, a most likely value of 3.3., and a maximum value of 4.  To 

do so, change the formula in cell C8 to “=RiskTriang(3, 3.30, 4)”.    

o Make sure the dice pattern in the center of the @Risk upper ribbon in the 

“Simulation” section of the ribbon is highlighted with a green hue. 

o Select “Start Simulation” using the default settings of 100 iterations and 1 

simulation.   

o This should cause @Risk to iterate through 100 values of corn price and graph 

the distribution of income over ingredients cost given the simulated changes in 

corn price. 
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o Export the @Risk report as a pdf file by selecting the “Excel Reports” button on 

the upper ribbon in the @Risk tab.   

o Place a checkmark next to “Quick Reports” and checkmarks under “Model 

Definition” next to “Inputs” and “Output”.   

o Select “PDF Document” for the location to “Place the Report In”.   

o Insert the pdf report into the PowerPoint presentation.  

o Describe the daily risk for the feed mill associated with fixing the price of their 

dairy ration given a stochastic corn market with the assumed values and a 

triangular distribution. 

 

Acceptable Answer: 

We simulated the risk to the income over ingredients cost per day if using the 

lowest cost ration mix we found in question 1.  We assumed the changes to the price of 

corn resembled a triangular distribution with a most likely price of $3.30 and a minimum 

price of $3.00 and a maximum price of $4.00.  We assumed a 7% price markup of the 

feed ration and that the capacity of the feed mill to acquire, mill, and blend the 

ingredients per day was 1% of the expected production in the area.  We found that the 

risk to net income over ingredients cost we simulated had a minimum simulated value of 

$27,761 and a maximum of $29,621.  The mean value of the simulation was $28,613 

with a standard deviation of $421 (See Figure 13).  The risk for the feed mill is lower if 

we assume the corn price changes had a triangular distribution compared to the normal 

distribution we used in question 3.  Specifically, the standard deviation of net revenue 
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over the ingredients cost was $421 in question 3 while the standard deviation in question 

2 was $679.    

Figure 13. Risk analysis of income over ingredients cost. 
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Figure 14.  Distribution of corn prices simulated. 
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4. What is the ration mix that can give the feed mill the lowest mean cost of 

ingredients given the simulated changes in corn prices that we did in question 3?  To 

perform this analysis use @Risk and the risk optimizer tool.   Describe the changes 

in the ration mix and cost of the ingredients when the feed mill is minimizing the 

average cost per day given changes in the corn price. Provide the risk optimization 

summary report and describe the changes to the ration mix compared to question 1. 

o Select the Risk Optimizer on the upper ribbon of the @Risk tab.   

o Select “Model Definition” from the dropdown list.   

o For the “Optimization Goal” in the pop up window, select “Minimum”  

o For the cell, select Dairy2!B40.  

o For the “Optimize” selection, select “Mean”.   

o The Analysis type should be “Standard”. 

o Enter in the place for adjustable cell ranges the locations of ration ingredients 

that can be changed (e.g. Dairy2!D22:D34). 

o For a minimum value set each one to 0.   

o For a maximum value set each one to the corresponding capacity for the feed mill 

to acquire, mill, and blend per day (e.g. Dairy2!F6:F18).   

o In the constraints part of the model definition, enter the nutritional constraints 

that must be met in the ration.  The nutritional constraint selections are the same 

as what was done in question 1 in Excel data solver.   

o An image of the correct model definitions that should be done is shown in Figure 

15.    



46 
 

Figure 15.  Model definitions for risk optimizer tool. 

 

o Once the model is defined as shown in Figure 15, select the “Risk Optimizer” 

icon on the upper ribbon in @Risk and select “Start” from the dropdown list.   

o This should begin to simulate changes to both the ingredient ration mix and 

changes to the price of corn.  The optimizer attempts to identify the ration mix 

that minimizes the average cost of the ration given the same simulated changes in 

the prices of corn we did in question 3.   

o Describe the optimal ration mix and provide a pdf printout in the PowerPoint 

presentation of the summary of output from the risk optimization.   

Acceptable Answer: 
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  We simulated the feed mill’s mean daily cost given changes in the corn price 

assuming a triangular distribution.  We identified an optimal ration mix that minimized 

the average cost of the ration given the changes to the corn prices we simulated.  The 

ration mix that we found is shown in Table 4.  The ration substituted much of the corn 

that was at risk to price changes and replaced it with soybeans where we kept the price 

fixed.  This ration allowed the feed mill to avoid much of the changes to corn price that 

raised that average cost of the ration.  Specifically, using the assumptions in the 

simulation, the lowest average cost per day of the ration was found to be $457,828 (See 

figure 16). 

Table 4.  Lowest average cost dairy feed ration. 

  Animal Feed  Components 

Feed Tons 

Alfalfa Hay, late vegetative 769.04 

Corn Silage, 40% grain med 1095.89 

Corn Grain, coarse 223.89 

Soybean Meal, 48% 0.00 

Oat Grain 18.41 

Corn Distillers Grain 85.31 

Corn Distillers Grain, wet 7.63 

Soybean Whole, raw 355.74 

Sorghum Grain, coarse 89.86 

Corn Gluten Meal 0.00 

Meatbone Meal 0.00 

Urea 0.00 

Wheat Middlings 4.53 

Total 2650.3 
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Figure 16.  Optimization report of lowest average cost ration.   
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Additional Discussion Item:  Was the simulation/optimization in question 4 realistic 

for the feed mill?  Could the feed mill make prices for some ingredients in their 

ration remain fixed?   

 

Acceptable answer: 

The short answer is yes.  The feed mill can determine what ration mix and 

ingredients works best to supply the nutritional requirements in the feed given the 

changing prices of ingredients used in the ration.  The feed mill can buy future contracts 

or directly contract for the ingredients with local producers to keep the costs of their 

ingredients at a fixed level.  Thus, through hedging and contracting, the feed mill is able 

to find a ration mix that can have a higher probability of gaining positive returns and a 

lower cost even as prices of ingredients they use change with great frequency.   

 

References for Data Assignment 3 

1. Land O’ Lakes Inc. (2009). 2009 Annual Report. Retrieved from: 

https://www.sec.gov/Archives/edgar/data/1032562/000095013709002070/c50152e10vk.

htm 

2. University of Minnesota Extension. Formulating dairy cow rations. Retrieved from: 

https://extension.umn.edu/dairy-nutrition/formulating-dairy-cow-rations#ration-analysis-

7 
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Data Assignment 4: Portfolio Risk Analysis – 

Should Green Plain Inc. Expand its Feedlot Investments with its Ethanol Facilities? 

 

Overview for Data Assignment 4 

Statement of Purpose:  

This assignment shows students how to analyze the different divisions of an 

agribusiness firm.  Students can determine whether the industries that a business is 

engaged in are complimentary and reduce portfolio risk and whether further investments 

should be made toward one division over another.  The assignment allows students to 

adjust correlations of costs and returns across different businesses to determine whether 

they affect the analysis.  The risk analysis allows users to determine what each alternative 

investment scenario would do for their risk and expected net returns. 

Objectives: 

1. Develop a correlation matrix of price and net returns for important components of a 

business. 

2. Evaluate risks to the business. 

3. Understand sensitivity to market assumptions on business risk. 

4. Explore alternative scenarios involving investments made in different divisions. 

5. Specify worst-case (value-at-risk) scenarios for the examined businesses. 

Audience: Undergraduates or Professionals. 

Activity Statement:  See Instructor Notes for Data Assignment 4 and Supplemental Excel 

Spreadsheet, “Data Assignment 4” for Student Assignment 
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Instructor Notes for Data Assignment 4  

*Note- See Supplemental  Excel Spreadsheet, “Data Assignment 4” for Student Assignment 

 

Background:   

Green Plains is an Iowa corporation, founded in June 2004 as an ethanol 

producer.   They own and operate assets throughout the ethanol value chain: upstream, 

with grain handling and storage; ethanol production facilities; and downstream, with 

marketing and distribution services to mitigate commodity price volatility, which 

differentiates them from companies focused only on ethanol production. Their other 

businesses include a partnership and cattle feeding operation. 

  Green Plains ethanol production segment includes the production of ethanol, 

distillers grains and corn oil at 13 ethanol plants in Illinois, Indiana, Iowa, Minnesota, 

Nebraska, Tennessee and Texas. They have the capacity to process 

approximately 387 million bushels of corn per year and produce 

approximately 1.1 billion gallons of ethanol, 2.9 million tons of distillers grains 

and 292 million pounds of industrial grade corn oil.  

Green Plains food and ingredients segment includes six cattle feeding operations 

with the capacity to support approximately 355,000 head of cattle and grain storage 

capacity of approximately 11.7 million bushels and food-grade corn oil operations. The 

cattle feedlot capacity of Green Plains rapidly expanded when the company purchased 

two large feedlots from Bartlett and purchased Cargill’s remaining feedlots in Kansas and 

Colorado between 2015 and 2017.   

Green Plains profitability is highly dependent on commodity prices, particularly 

for ethanol, corn, distillers grains, corn oil, natural gas and cattle. Since market price 
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fluctuations among these commodities are not always correlated, ethanol production or 

cattle feeding operations may be unprofitable at times. Green Plains uses a variety of risk 

management tools and hedging strategies to monitor real-time operating price risk 

exposure at each of their operations to obtain favorable margins, or temporarily reduce 

production levels during periods of compressed margins. 

Green Plains uses forward contracts to sell a portion of their ethanol, distillers 

grains, and corn oil production or buy some of the corn, natural gas, cattle, or ethanol 

they need to partially offset commodity price volatility.   

Risk management is a core competency of Green Plains and they use a variety of 

risk management tools and hedging strategies to maintain a disciplined approach. Their 

internally developed operating margin management system allows them to monitor 

commodity price risk exposure at each of their operations and locks in favorable margins. 

Assignment 4: 

1a.  Using "Distribution Fitting Application" in the @Risk program, find the best 

fitting distributions to the historical log price changes for ethanol prices 

(Ethanol!T3:T42), DDG prices (Ethanol!U3:U42),  corn oil prices (Ethanol!V3:V42),  

corn prices (Ethanol!W3:W42),  natural gas prices (Ethanol!X3:X42),   electricity 

prices (Ethanol!Y3:Y42), and cattle feeding margins (Ethanol!Z3:Z42).   Log price 

changes are the approximate percent of price change over a specified time period-- 

in this case per quarter. Define each best fitting distribution in the yellow 

highlighted cells in Ethanol!C16:C22.  Provide a PowerPoint slide of the best fitting 

distribution to each of the log price changes and include in the PowerPoint 
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presentation a description of the distribution dimensions (min, max, and mean) and 

the distribution name. 

Note:  To calculate the log price changes in Excel, use the formula “=LN(price this 

period/price in the previous period)”.    

o In the @Risk tab, select the “Distribution Fitting” tab in the “Model” section of 

the upper ribbon.   

o Select the “Fit…” option from the dropdown menu.   

o In the “Data” tab in the pop up window, provide a custom name to the price 

series that is used to fit the data.  Then select the range of the data used to fit the 

distribution and the type as “Continuous Sample Data”.  The data used to fit the 

distribution can be found in the gray table in the “Ethanol” worksheet, or range 

T2:Z42.  For each column of data, you will need to fit a separate distribution.    

o Once the proper data range is selected, press the “Fit” button at the bottom of the 

popup window 

o Write the best fitting distribution formula to the appropriate cell in the 

highlighted portion of the workbook under “Simulated Log Price Change” (i.e. 

Ethanol!B16:B22).  To do this, select the “Write To Cell” button on the bottom of 

the distribution fitting window.  Select “Best Fit Based on” “AIC”.  Select the 

“Next” button.  Enter the appropriate cell reference in the popup window or 

select the appropriate cell.  After completion of this step, @Risk should enter a 

new formula into the cell.  For example, the ethanol price changes cell (e.g. 

Ethanol!B16) should be “ =RiskLaplace(-0.0068468,0.1481,RiskName("Ethanol 

Price"))”.  
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o Do this same step for each of the 7 variables we are interested in defining a best 

fitting simulation distribution for and we have historical price data to make a 

determination.   

o This step defines a simulation distribution that best fits the historical price data 

we are interested in to determine the profitability.  

 

 1b. We do not have historical data for some of the input cost changes for ethanol 

production that we need.  In those cases, we can define a distribution instead of 

fitting a distribution to historical data.  Define the distributions for chemical price 

changes (Ethanol!B23) as a normal distribution with mean 0 and standard deviation 

of .1 and define the processing cost changes (Ethanol!B24) as a normal distribution 

with mean 0 and a standard deviation of .1.   

o Enter the formula “=RiskNormal(0, .1)” into the cells B23 and B24.   

o This step simulates the log price change of chemical prices and processing prices 

as a normal distribution assuming changes to the prices have a mean of 0% and 

standard deviation as 10%.   

1c. Assume the firm that we are examining has a cattle feeding division with a 

feedlot capacity of 200,000 head and the ethanol division is operating at 100% of 

their potential ethanol plant capacity (Ethanol!B2) of 1.1 billion gallons.  What is 

the risk to net income (Ethanol!E30) to the firm when simulating their net income 

for 100 iterations?  Provide in the PowerPoint presentation the risk report of the 

analysis.  
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o Make sure you add the “RiskOutput()”  formula to the net income cell 

(Ethanol!B30) prior to running the simulation. 

o Make sure the dice pattern in the center of the @Risk upper ribbon in the 

“Simulation” section of the ribbon is highlighted with a green hue. 

o Select “Start Simulation” using the default settings of 100 iterations and 1 

simulation.   

o This should cause @Risk to iterate through 100 values of variables we are 

interested and graph the distribution of income given the simulated changes. 

o Export the @Risk report as a pdf file by selecting the “Excel Reports” button on 

the upper ribbon in the @Risk tab.   

o Place a checkmark next to “Quick Reports” and checkmarks under “Model 

Definition” next to “Inputs” and “Output”.   

o Select “PDF Document” for the location to “Place the Report In”.   

o Insert the pdf report into the PowerPoint presentation.  

o Describe the risk for the firm. 

Acceptable Answer: 

We simulated the risk to the firm that has a cattle feeding operation with capacity 

of 200,000 head and 1.1 billion gallon ethanol producing capacity.  We fit the best 

distributions to the output and input prices that can change the net income of the firm.  

We used historical data to find the best fitting distribution based on the AIC criterion.  

The best fitting distribution for each input and output variable is shown in Figure 17. 

When we simulated the risk to net income of the firm, we found the net income mean was 
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approximately $139 million with a standard deviation of $342 million (See Figure 18).  

The changes to ethanol and corn prices were found to affect the net income the most. 

Figure 17.  Best fitting distribution to log price changes of inputs and outputs. 
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Figure 18.  Risk analysis of net income for firm with ethanol and cattle production. 
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2.  Now using the “Define correlations” feature in @Risk, provide historical 

correlations for the input and output price simulations in our model to better 

analyze the risk for the firm with two different divisions of cattle feeding and 

ethanol manufacturing.  Describe the risk for net income and compare the risk to 

the values you found in question 1.  Explain why there is greater or lesser risk to net 

income between the two analyses.  What did you do differently in this risk analysis 

compared to the risk analysis in question 1? 

o Select all the log price changes that you defined in the previous question 

(Ethanol!C16:C24). 

o In the @Risk tab select "Define Correlations" and "Define Correlation Matrix…" 

from the drop down menu.    

o In the pop up window, name the matrix “log_price_change_matrix”. 

o Enter or select the location for the matrix to be the cell Ethanol!A40.  Place a 

checkmark in the box “Add Heading Row/ Column and Format”.   

o Press “Ok” 

o This should insert a matrix with each of the price input changes names across the 

top of the matrix and along the left side of the matrix.  In the matrix, there should 

be 1's across the diagonals and 0's in cells offset to one side of the diagonals of 1.   

o In addition, the addition of the correlation matrix should add a new argument 

“RiskCormat()” to the simulated log price changes functions.  For example, the 

best fitting distribution formula for Ethanol Price in cell C16 should now be 

“=RiskLaplace(-
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0.0068468,0.1481,RiskName("Ethanol"),RiskCorrmat(log_price_change_matrix,

1))”.   

o For each one of the offset diagonal zeros in the correlation matrix, replace the 

zero with the historical price changes data using the correlation function in Excel 

(e.g. CORREL) to define the correlation between the respective price changes 

according to the matrix.  For example, the cell Ethanol!B42 is the correlation 

coefficient between ethanol price changes and DDG price changes.  Therefore, 

you should replace the 0 in the cell Ethanol!B42 with the formula 

"=CORREL(T3:T42, U3:U42)".  Do this for every correlation in the matrix you 

have historical price change data for.  Leave the correlation coefficients for 

Processing and Chemical prices as zero in the matrix since we do not have 

historical price change data for those correlations.     

o After you completed filling out the correlation matrix, run the same simulation 

you did in question 1.  Insert the @Risk report into the PowerPoint presentation 

and answer the questions asked in question 2.   

Acceptable Answer: 

We simulated the risk to the firm that has a cattle feeding operation with capacity 

of 200,000 head and 1.1 billion gallon ethanol producing capacity.  We fit the best 

distributions to the output and input prices that can change the net income of the firm.  

We used historical data to find the best fitting distribution based on the AIC criterion.  

We also calculated the correlation between output and input prices using historical price 

change data and included the historical correlations in our model to simulate risk.  For 

example, the Pearson correlation between ethanol prices as an output and corn prices as 
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an input was found to be approximately .693. When we simulated the risk to net income 

of the firm, we found the net income mean was approximately $143 million with a 

standard deviation of $220 million (See Figure 19).  The changes to ethanol and 

electricity prices were found to affect the risk to net income the most for the firm.  There 

is less risk for the firm in this analysis because there is less frequency that the prices 

move independently.  For example, before we assumed there was zero correlation 

between ethanol and corn prices which caused us to measure a lot more risk to net 

income.  However, historically, ethanol and corn prices tend to be highly correlated 

because corn is the major input for ethanol.  Thus, when corn prices increase, ethanol 

prices tend to increase, and when corn prices decrease, ethanol prices tend to decrease.   
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Figure 19.  Risk analysis for firm with ethanol and cattle production using a correlation matrix. 
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Figure 20.  Best fitting distributions of log price changes. 

 

3.  The firm wants to know if they should expand their cattle feeding operation in 

order to reduce risk and enhance returns to the firm.  Using the same model in 

question 2, enter different levels of cattle feeding capacity of 200,000, 400,000, 

600,000 and 800,000 head. For each of the four risk simulations done, in the 

PowerPoint presentation explain what the 5% Value-at-Risk is for the firm.  

Explain the risk and return difference is for each level of feedlot capacity that you 

explored. 

o In the risk scenario table in the worksheet (Ethanol!B33:E33), enter the 4 

different levels of cattle feeding capacity by head (e.g. 200,000, 400,000, 600,000, 

and 800,000).    

o Also, enter the formula "=RiskSimtable(B33:E33)" into the quantity of cattle cell 

(Ethanol!D13).  The addition of this formula to the cell will run the four different 

risk scenarios inserting the next scenario value into the analysis.   
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o Run the simulation for 100 simulations.  Make sure the number of simulations 

entered in the upper ribbon is 4, or you will not run all 4 of the scenarios with 

different levels of the cattle feeding operation.    

o When all four simulations are complete press the excel reports button in the 

@Risk tab.  Place a check mark in the Output Results Summary box and select put 

into new worksheet.  Insert the summary report into the Power Point presentation.  

Interpret the risk distributions for each of the scenarios.   

Acceptable Answer: 

The 5% value-at-risk for each level of feedlot capacity for the firm we explored 

was simulated to be -$203 million when there was 200,000 head feedlot capacity, -$170 

million when there was 400,000 head feedlot capacity, -$137 million when there was a 

600,000 head feedlot capacity, and -$113 million when there was 800,000 head feedlot 

capacity (See Figure 21).  For each level of increasing feedlot head capacity, we found 

the average return increased, and the minimum risk decreased.  Thus, with more feedlot 

capacity we found the firm was able to reduce the risk and enhance their returns.    
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Figure 21.  Net income distributions simulated when increasing the feedlot capacity of the firm. 
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Additional Discussion Item: 

Should the firm expand their feedlot capacity based on your risk and return analysis?   

Does the fact that the firm is a public corporation change your answer?  Explain your 

answer. 

 

Acceptable Answer: 

We found that the firm was able to reduce risk and enhance returns if the feedlot capacity 

was expanded.  However, we are uncertain if this is the right decision for a public corporation.  

Publicly traded firms should avoid making investments in businesses for the sole purposes of 

reducing risk.  Shareholders can trade shares in the equity markets and purchase different 

portfolios of shares of various firms to reduce risk on their own.  The decision to expand the 

feedlot capacity for the firm should be based on whether the two divisions are complimentary, 

where the output of the production has greater value if the production is controlled by a single 

firm than if by two firms (i.e. the firm’s value must be greater than sum of its parts).  In other 

words, if the firm’s ability to control the DDG feed quality and distribution enhances the cattle 

feeding operation, and this also allows for more efficient ethanol production, then the firm 

should indeed expand the feedlot capacity.   
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References for Data Assignment 4 

1. Green Plains Inc. (2018). 2018 Green Plains Inc. Annual Report. Retrieved from: 

https://www.sec.gov/Archives/edgar/data/1309402/000130940219000024/gpre-

20181231x10k.h 

  

https://www.sec.gov/Archives/edgar/data/1309402/000130940219000024/gpre-20181231x10k.h
https://www.sec.gov/Archives/edgar/data/1309402/000130940219000024/gpre-20181231x10k.h
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Data Assignment 5: Machine Learning Problem – 

Predicting the Likelihood of Borrower Default using a Neural Network 

 

Overview for Data Assignment 5 

Statement of Purpose:  

This assignment shows students how artificial intelligence (AI) may improve 

predictive accuracy, but using AI is more difficult to understand the relationships certain 

variables may have when making predictions.  Students can determine which variables 

are most important to predicting the likelihood of a borrower defaulting based on a 

number of credit variables.  The assignment highlights the importance of the macro 

business environment to the capacity to offer a higher volume of loans without increasing 

the level of default risk. 

Objectives: 

1. Develop a neural network model. 

2. Develop a logistic regression model. 

3. Determine which variables are central to understanding default risks faced by 

borrowers. 

4. Compare the two methods and determine if machine learning offers more predictive 

accuracy. 

Audience: Undergraduates or Professionals. 

Activity Statement:  See Instructor Notes for Data Assignment 5 and Supplemental Excel 

Spreadsheet, “Data Assignment 5” for Student Assignment 
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Instructor Notes for Data Assignment 5  

*Note- See Supplemental  Excel Spreadsheet, “Data Assignment 5” for Student Assignment 

 

Background:   

Farm Credit Services of America, based in Omaha, Nebraska, is dedicated to 

serving the agricultural credit, risk management and financial needs of farmers and 

ranchers in Iowa, Nebraska, South Dakota and Wyoming.  Farm Credit Services is part of 

the Farm Credit System, a $248-billion nationwide network of lending institutions, 

established in 1916.  

The Association operates as a cooperative.   Farm Credit Services of America is 

owned by its more than 50,000 stockholders/customers and is governed by a 15-member 

board of directors. The customer-owners of the Association elect 12 directors — three 

directors are appointed by the board.   

Unlike commercial banks, Farm Credit institutions do not take deposits. Instead, 

money is raised by selling system-wide bonds on Wall Street. The proceeds are then 

channeled through Farm Credit banks and Associations to agricultural producers and 

cooperatives.  

 Because of the market acceptance and attractiveness of Farm Credit securities, 

Farm Credit Services of America is able to offer competitive interest rates and unlimited 

amounts of capital to the agricultural sector.  Farm Credit raises funds by selling debt 

securities on the nation's money markets through the Federal Farm Credit Banks Funding 

Corporation.   
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Once the Funding Corporation issues debt securities on behalf of all Farm Credit 

institutions, Farm Credit's four regional banks (AgFirst, AgriBank, CoBank and Farm 

Credit Bank of Texas) then fund the individual Farm Credit associations who support 

farmers, ranchers and rural homebuyers. In addition to funding local retail associations, 

CoBank also uses the proceeds from Farm Credit debt securities to make loans directly to 

farmer-owned cooperatives, rural infrastructure providers, and other agribusinesses.  

Data Assignment 5: 

1.  Farm credit services wants to develop a model to identify individuals who are 

likely to be delinquent on an account.  They are interested in the accuracy of 

machine learning/ artificial intelligence techniques to identify what variables are 

most important to delinquencies and the accuracy to predicting the delinquency of 

individuals in South Dakota and Minnesota.   Using the credit data in the "Data" 

workheet, can you demonstrate the performance and benefits of the machine 

learning technique: neural networks compared to a logistic regression?   

o Using the StatsTools, first run a logistic regression where the dependent variable 

is whether the individual has been delinquent on one of their accounts in the last 

2 years (Data!W1:W999).  The variable was derived from the number of 

delinquencies in column A but has been converted to a dummy variable for you 

(1,0), where 0 means they were delinquent and 1 means they were not delinquent. 

o For independent variables, use the individual's annual income (annual_inc), their 

debt payments to income (dti), the number of open accounts on their credit report 

(open_acc), the utilization rate of their revolving accounts (revol_util), the total 

number of credit accounts they have ever had (total_acc), the total current 
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balance of all credit accounts (tot_curr_bal), the total balance of their installment 

accounts (total_bal_il), the installment utilization rate (il_util), the total utiliztion 

rate of all credit accounts (all_util), the number of credit inquiries (inq_fi), the 

total highest amount of credit the individual has (tot_hi_cred_lim), the bank card 

utilization rate (bc_util), the total balance excluding their home mortgage 

(tot_bal_ex_mort), the number of satisfied accounts (num_sats), and the number 

of accounts that were ever past due more than 120 days 

(num_accts_ever_120_pd).   

o Make sure you use the "sample with no counts" selection when doing the logistic 

regression model. 

o In a PowerPoint presentation, provide the logistic regression output from the 

analysis.   

o Interpret the regression coefficients and the significance of the coefficients.  Also, 

include the classification matrix from the logistic regression output and interpret 

the classification matrix and the accuracy of the logistic regression to identify 

those who were and were not delinquent. 

Acceptable Answer: 

We used a logistic regression to determine the probability that a borrower would 

default.  The model we used is shown in Figure 22.  The variables we found to be 

significant indicators of default risk at the 5%  level include the number of accounts  

over 120 days past due (num_accts_ever_120_pd), number of satisfactory accounts 

(num_sats), total current balance of all installment accounts (total_bal_il),  and the 

total number of accounts (total_acc).   As expected, as the number of satisfactory 
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accounts increased the likelihood of borrower default decreased.  As the number of 

accounts ever were past 120 days due increased, the likelihood of default increased.  

As the total balance of current accounts increased the likelihood of default increased.  

As the number of accounts increased the borrower default also increased.  Perhaps 

surprisingly, the amount of income a person (annual_inc) received was not a 

significant indicator of default risk (see Figure 22).  The logistic regression was able 

to classify correctly 802 customers that did not default as having a low probability of 

defaulting.  However, the logistic regression classified that 9 customers were likely to 

default when they did not.  Also, the logistic regression failed to predict 182 

customers would default even though they did, but was able to correctly identify 5 

customers that did default.   
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Figure 22.  Logistic regression report of credit risk of loan customers. 
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2.  Using the neural nets software in the Palisade decision tool suite, perform the 

same analysis you did in question 1 but using a neural network model. Which model 

is better at identifying delinquent borrowers, the logistic regression or the neural 

net? 

o Define the data set in neural nets and the type of variable each variable in your 

dataset.  Make sure you define the delinquency variable (Data!W1:W999) as a 

categorical dependent variable.  The rest of the independent variables used in the 

model should be defined as independent numeric variables.  Variables not used in 

the model should be defined as unused variables.  

o Next train a neural net model by selecting the "Train" button.  When doing the 

training model, use 40% of the cases as testing cases and place a check mark next 

to the calculate the variable impacts.    Include in your power point presentation 

the variable impacts you found in the training phase. Describe what variables 

have the most influence on the prediction.  

o After you have trained the model then select test the model.  Test on all cases in 

the data set.  Provide the classification matrix from the testing phase in the 

PowerPoint presentation and the summary report of the testing phase.  Interpret 

the classification matrix and compare the accuracy of the neural net model 

classification matrix to the logistic regression classification matrix done in 

question 1.   

 

Acceptable Answer: 



74 
 

We used a neural net to determine the probability that a borrower would default.  

The model we used is shown in Figure 23.  The variables we found to be relatively more 

important  indicators of default risk included the 120 days past due,  the number of 

financial inquiries on the customer’s credit report (inq_fi), the total number of accounts 

(total_acc), and the ratio of current balance and high credit on installment accounts (See 

Figure 24).  The neural net was able to classify correctly that 800 customers would not 

default and did not default.  This compares to the logistic regression was able to classify 

correctly 802 customers that did not default.  The neural net incorrectly classified that 11 

customers would default when they did not.  This compares to the logistic regression 

classified that 9 customers were likely to default when they did not.  Also, the logistic 

regression failed to predict 182 customers would default even though they did.  This 

compares to the neural net that had only 149 customers predicted that would not default 

but they did.  Also the neural net was able to identify 38 customers that would likely 

default and did, and the logistic regression was only able to correctly identify 5 customers 

that did default.  Overall, the neural net correctly identified more customers that would 

default than the logistic regression (38 versus 5) (see Figure 25).    
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Figure 23.  Neural net training report of credit risk of loan customers.  
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Figure 24.  Variable importance found during the training of the neural net. 

 

Figure 25.  Classification matrix of credit default risk using the neural net. 

 

3.  In the PowerPoint presentation, explain what the positives and negatives are to 

using a logistic regression and a neural net model.   

 

Acceptable Answer: 
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Machine learning techniques offer improvements over regression models because 

they allow greater use of variables, are generally more flexible, and are not subject to the 

same specification error that linear models are.  However, machine learning techniques 

do not offer the same statistical interpretations of each of the variables used in the 

prediction.  Indeed, machine learning models are known to be more of a “black box”.  

This can complicate the communication of how the models are able to more correctly 

identify credit risk.   

References for Data Assignment 5 

1. Kaggle (2019). Lending Club Loan Data. Retrieved from: 

https://www.kaggle.com/wendykan/lending-club-loan-data 


